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A KEY TO THE HARMSWORTH SELF-EDUCATOR 


At thelteAding of each arUde In the 8 «.r-£nccAToa is th« ntunbar of the gitrap to which the artlele belonga. and a leferenoe 
to this kej indicates precisely the place of the article in the scheme of the book. This key. therefore, enables the student 
at any time to understand what has tMreeeded and what is to follow any part of the work to which he may hi 4 >P«n to turn. 


Qaocrr t. 

Agriculture. Beekeeping. Gardening. 

S aaMiiro. In all iU Branches. Dairying. Poultry. 

KBEKKrnfO. A lhactical and Commercral Course. , « 

Uarokniko. How to Urt the Moet outof a Minimum of Land. Oarden- 
ing for Pleasure and Profit. Market QardenhiR. 

Grouf a 

Art. Architecture. Glass. Barthenware. Carving. 

Aar. Theory and Training. Painting. Bcnlptnre. Architecture (Theory. 

atylce. Pmotlea] Training). Ulstory and ideal* of Art. 

Gi.asb AMD Kakthbnwaks. Including Pottery. 

Cahvino. Wood. Ihme. Ivory. Horn. Tortoiseshell. 

Group 3. 

Biology. Psychology. Sociology. Logic. Philosophy. 
Religion. 

Bioloot. Including Evolution, Palsioutology, Heredity. Anthropo- 
logy, Ethnology. 

PsTCHoi4>oT. Includine Psychical Research. 

Booiolooy. Including Political Economy. 

Luoic. The Hclenoe ni Keaaoniiig. 

Philosophy. Syeteuis of Thought. 

Relioion. History and Systenia Christianity. 

Group 4. 

Building. Cabinet Making. Upholstering. Fire. 

BuiLntKO. Excavating. Drainage. Mannfaeture of Bricka. Limm. 
and Cements. Bricklaying. Clay Wares. Reinforced Ooncret-e 
Masonry. Carpentry. Blatea and Tiles. Plumbing, .loincry. 
Foundry and Smiths* Work. Painting, Paperbanirlng and 
OlMSlug, Heating, Lighilttg, and Ventllatluu. Building KognlatloiiM 
Quantity Burveyine. Building Aitruad. In BuslneM as a Bullder 
Camrct Makiku Ajrn [TpHOLerKsiMo. A Pno-tical ConrH». 

Firm. Fireproof Materiala Fire Prevention. Fire Extinction. 

Group s 

Chemistry and Applied Chemistry. 

CHRKfSTRT. Inorganic and Organic. Chemistry nf the Stars. 

Appt.uei> CiiBMisTHV. Acids and Alkalies. Oils iFixe<l Oils nnd Fats; 
Waxes ; Essential Oils and Perfumes : Palnta and Polishes). CarKlles. 
Soaps. Glycerin. Glues athl Adhesives. Starches. Inks. Tar and 
Wood I>isutjaU^,^^*^a^ea: ' Celluloid. Manure. Waste Pro- 
ducts. l^ti'^lguinr PapM^gkiflg lincluding Paper Staining and 
Uses of ^per). ' MiotAour^. ' 

Group A 

Civil Service. Army and Navy. 

Civil, Bbrvior. Municipal. National. Imperial 
Aiimv smp Nsvv, How to Enter Them. 

Group 7. 

Clerkship and the Professions. 

CLgRRSiitp Aim AooouRTAifcr. Complete. Tjoining. Bookkeeping. 
Bamriro. The Whole l*ractice of Banking. 

Iksuramcb. Life. Fire. Accident, Marine. 

Auctiunkkrino Aim Valuihu. IVactical Training. 

Estatb AoBRcr. Deiiartmenea and Officials of a Great Estate. Train- 
ing a Land Agent. 

MBDiciBB. Training of a Doctor. Specialists. Veterinary Surgeons. 

Dentistry: The Dental Mechanic. Home and Professional Nursing. 
Church. How to Enter the Ministry of all Denominations. 
Scholastic. Teachers. Professorships. Governesses. Coaches. Tutors. 
BxoRKTARtRS, eto. Institution Officials. Political Organ isatious. 
Lecturers. 

law. BoHultors and Barristers. Personal and Cozumerolal Law. Copy- 
right. 

Group 8. 

Drawing and Design. 

Drawiho. Freehand. Object. Geometrical Brush. Memory. 

Jjlght and Shade. 

Trcmmioal Dkawiro. For Engineers ; Coppersmiths. Tinmen. Boiler- 
makers; Architects; Stonemasons; Carpenters and .loinors: Plumbers. 
Dbsiom. Book DeeoratioiL lllunitnstion. Textiles. Wall Pupeis 
and Steocllllng. 

Group g. 

Dress. 

Drrss. Dressmaking. Underclothing. Children's Clotliing. TalIor> 
■ I Hats. Furs and Furriers. Feathers. 


ELBomiotry. Electrical Engineering. Telegraphs and Telephones 
(including operation of). Csblee and Insulated Wire. In Business 
ms an Electrical Engineer. 

Gaoup sx. 

Civil Engineering. 

Oivn, EKoigaBMiiro. Surveying. Varieties of Construotien. Machines 
Employed. Roads. Bridges. Railways and Tramwaya Water 
Sui^. Sewerage. .Ref^. Hydraulics. Pumps. Harbours. Docka 
Ltgnthousea Foreign Work. In Business as a Civil Engineer. 

Qhovf SMl 

Meehantcal Enflneertn^. MlllUry Engineering. 

Applied MMbanipa Workshop Practice. 

Machine To^,. . Portable T" 


Miutahv Egqnnntanto. Pontoons. Bi„ 

Trsodiea Passing Rivera Oonditlons 
Aaifs Aim AatmuiriTiOM. ManofOoture of 

Gaour ig. 

Geography. Astronomy. 

OaoeRAPar. PhviieaL PoUtkaL Human, 
AsraoMoiiv. A Sanroy of the Solar HystoBBu 

i 


Oaot'p xa 

Geology. Mining. Metals and Minerals. Gat. 

Gmjlouv. The Makfug of the Barth. 

Mirivi. The Fntotice of Mining : Coal, Gold, Diamonds. Tin, eto. 
Mi(tai. 8. Metallurgy. Iron and Steel Iron and Steel Monufacturea 
Metal Work. Cutlery. 

MiNBRAtc. Mineralogy. Properties of Minerala 
Gas. Manufacture of Gaa 

Group xg 

History. 

A Short History of the World from the Beginning. 

Group m6. 

Housekeeping and Food Supply. 

Sertaxts. Qualifications and Duties of Every Kind of Servant. 
CmwERY. A FraotlLid Cour*«. with Beelpea 
LAiiHnitr Wona. Washing. The Laundry as a Businesa 
Foons and DavsnAOKB. Milling. Bread-making. Biscuits and Con- 
foctiimery. Sugar. Condiiuents. Fruit. Fisheries. Fooil Pri**«na- 
tion tripling. Brewing. Wines and Ciders. Mineral Waters. 
Tea Coffee. Chocolate. (>>coa. 

Group 17. 

Ideas. Patents. Applied Education. 

Tubas. Tlie Power of Ideas in Idfe. Brains in Busluesa 
Patents aku l.'i\BNTioNB. How to Prote<'t on Idea 
Applibo Kdu<'atiom. Apidictitloii of Educatton in Dally Life. Finance. 
Group s8. 

Languages. 

How to Study a lAOguage. CuurMp» in Latin. Gnglish, French, German. 
HpaiiUh, Italian, K<«}>«ranto, Greek. A Table‘of Boot Words. 

Group xe. 

Literature. Journalism. Printing. Publishing. 
Libraries. 

Literature. A Survey of tlie World s Great Books and their Writers. 

Poetry. Clastdiw. Fiction. Miscellaneous. How to Read and Write. 
Journalism. A Guide to Newspaper Work, with l*ractloal Training. 
pRiNiiNO. ComiMMlng by Hand and Machine. 'Dins (^utting and 
Founding. Kngmving onri Blocks. Bookidnding and Publishing. 
Librarip-s. Officials and Management of Libraries. 

Group ao 

Materials and Structures. Leather. Wood Working. 

Materiaia. The Characteristii^ auj Btrength.x>f Materiala 
Htmucvurks. liie Stability of Structures. 

Lratiikr. iNsather liidustry. Leather Belts, Boots and Shoes. 

Saddlery ami Harness. Gloves. Sundry Ixsnther Goods, 

Woon WoitRfNO. Design and Operation of Wood Working Machinery. 
Wood Turniug. Miscellaneous WiKNlwork. 

Gro( p ax. 

Mathematics. 

Mathematics. Arithmetic. Algcdira. Geometry. Plane Tiigonometiy. 
Conic Bectlona 

Group aa. 

Music, singing. Amusement. 

Music. Musical Theory. Tunic bid fa. Tuition in all Instruments. 
Orchestration. C>onducting. Jlell Kinging. Manufacture of 
Musical Instruments. 

SiNoiKo. The Voice and Its Treatment, 

Ahisement. Drama iind Utagt’, iuciudiiig Elocution. Business side of 
Amusement. Byorts Officials. 

Group 03. 

Natural History. Applied Botany. Bacteriology. 
Natural Products. 

Natural History. Botany ; Kingdom of Nature— its Marvels. Uech- 
ariisiu. and Roicauoc; Fiowers, Flaiits, Heeds, 'I'rees, Ferns, Musses, etc. 
Zoology ; Aiiiiaals, Birds. Fishes, RepUles. Tnseots. 

A PPL! K» Botany. Tobacco & Tobacco I’ltws. Forestry, Rubber and 0 uita 
Percbo. Bosket Making. Cork, Wattle. Cane Work. Barks. Brush 
Making. 

Bacterioloot. Pathological and Economic. 

Natural pKonucTs. buui'ces. Values. Cultivation. 

Group sa 

Physics. Power. Prime Movers. 

Physios. A Complete Course in the Science of Matter and Motion. 
PiiwER. A General Survey of Power. Natural Sources. Lliiuid and 
Comprened Air. 

pHiMR Movers. Engines. Steam. Gas. Heat. Turbines. 

Group s«. 


Pbtsioloot. 


Physiology. Health. Ill-health. 

\ Plan of the Body. Digestive. Oiroulatmy. 


Beepiratory. 


Locomotor and Nervous Systems. The Senses. 

Health. The Five Laws of Health, Personal Hygiene. Environment. 

State Medicine and the Puhllo Health. 

Ill-bealth. General llMjealth. Its Special Forma. Common Ail- 
ments and Dumestie Remedies. 

Group 1 


PuBUciTY. Advertising from sdl Points of View As a Butin — 
Group st. 

Shorthand and Typewriting. 

Shorthanr. Taught by Pitmans. 

Typewritxno. Working and Management of all Maohlnea. 

Group sB. 


Me Machine 
RafU. 

LiloaiVai, 


fPK> rrwttio 


Textiles and Dyeing. 


o End 


Group ml 

Travel and Transit. 

TRAVRii. How to Sae the worid. Tt*c Business Side of Travel. 

Trarsit. a General Survgy of Maans of OommunicaHon. 

Vhhjouw. Coustruoiion of Air. Lsxid and SsaVehlclts. Buslnsw of a 
LiverymsnjCarrler, eto. Driving. 

S AinwAn. The Manafeincnt aud Control of Ballways, ^ 

BiM. ahipbuildlng. Sbipplflf. ManagamMit M BUpa 
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Ixjing partially dried, it is fitted to the shape of 
the jug, the ends are dipjx^d into thick slip, 
placed in position on the jug, and by gentle 
pn'ssure made fo adhere. After drying, the 
rough edge's 

are trimmed | 1 

with a knif(‘, 
and the sur- 
face finished c 
\v i t h fine 
moist spong(*s. 

Casting. 

In the prcH'csK 
of easting, 
instead of 
u sing the 
plastic clay 

we take the g thrower’s wheei. 

slip Ijefore 

the superfluous water has Vx'en filtered from it. 
This method is resortetl to when either vt'ry thin 
or highly ornamented pieces of intricate shape 
are required. Having taken the hollow plaster 
mould, which is naturally extremely absorlx'iit, 
it is filled with slip. Immediately, . 
the plaster absorbs t lie water from 
the slip which comes in contact with 
it, coating the mould with a tliin 
film of clay: the superfluous slip is 
then emptied from the mould, the 
clay piece remtaining in it until 
liard enough to remove. After 
drying, it is finished in the usual 
way with moist camel-hair brushes 
and fine sponges. 

Heferimco has a 

Ik'cii made to i . 
plaster moulds j 

u}>on which de- 
pond the shape 9, Ti:nNEB's l^TI 

and m o d e 1 1 e d 


I 


9. turner's I.ATHE 


shelves are constructed in distinct sections, which, 
on turning th^ spindle, present themselves in 
rotation at the opening of the stove. In this way 
only one section at a time is exposed in the 
workshop, and this, when filled with moulds, 
is turned into tVie heated (fiuimbc»r. The shelves 
are thus filled and emptied continuously, the 
lime taken for each revolution of the spindle 
being snfiieient to dry the clay thoroughly. 

It is necessary in drying that the evaporation 
of water should take place evenly and slowly, 
otlKM’wise the clay will have a tendency to twist 
and crack, giving way always in the wt'akcst 
part. The speed with which the drying may 
safely procet'd de|X5nds upon the amount of 
water to be expelled, or the extent to which the 
body is liable to contract. This varies according 
to tile proportion of plastic materials it contains.^ 
Hie higher the proportion the greater the eon- 
traetioii, and consequently the more slowly aiic^ 
carefully must the piece fw dried. 

Biscuit Firing. We come now to tn« 
most difficult and imiawtant process in pottery 
manufacture— firing/, or hardening of flu; 

^ clay in ordi'r to make it durable and 
capable of being glaz('(l. This 
hardening, or vitrificaition, is 
eharaeU'rist'd by a further contrac- 
tion due to the t'hemieal combina- 
tion of the ingrt^dientsiii the body 
under the influence of beat. In 
ord(*r to raise the clay to th<‘ 
desired tern jx'ra lure, fu maces, (»r 
hisritil oren»^ as they are (‘alU*«l, are 
built, cafMible of holding a con- 
siderable (juantity of wa-rc'. The 
construction of tlu\s(' ovens varies 
considerably, but the simplest 

forms, and those gt'tK'ially 

" adopted, are the irp-dta Kijht and 
M ivton's Pafenl. We must 1 n^ar in 


oraamentation of pr(*ss«‘d or c.ast pieces. Tlu'se 
moulds, which are made of plaster on account 
of the case with which it can lie manipulated 
and its power of absorbing water, are cjist 
successively from clay or plaster inod(*l by 
pouring the liquid plaster (plaster mixed with 
water) round the model, and allowing it to set. 
in this way the ornamentation or relief worked 
upon the original can be reproduced in any 
quantity. 

Drying. After the clay has been moulded 
by any of the foregoing methods the pie-ees are 
hardened by drying, so that they may be safely 
hondh^d for finishing. In other words, the water, 
which to a large <?xtent has lieen artificially 
introduced to aid plasticity, is driven off. This 
brings about a dimmution in the bulk of the clay, 
which is called contrtiction or shrinkage. 

In each workshop is built a stove, or drying 
chamber, heated from the fioor by means of 
steam pipes. The interior of the chamber is 
fitted with shelves upon w^hich the moulds are 
put. When a large numlH^r of moulds are used, 
as in the case of plate and saucer making, the 
shelves are arranged upon an upright spindle, 
which revolves inside the stc^ [12]. The 
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mind in studying the const ruction of these ovens 
that the main object is the uniform and economi- 
cal distribution of heat through the entin' mass. 

The Up-draught Oven. Tht' up-dnmglit 
oven [14] consists of a circular chamber round 


I a, J'injrnini of flat j 


I b. J>ia:j:vaiM (>f biiltiii); 



10. PBESHINO AND RAnTNC* MACHINE 
(\V. Houllojj, l.txl., JtvirHh'in) 

the base of which are from 8 U) 12 fire holes or 
mouths. The chamber is built within a large 
conical chimney. On leaving the mouths, the 
fin* ascends througli the oven by upright 
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and liorizont al flues ; the former serve to heat the 
t>utside circumference, while tlj/^ latter convey the 
flame to the centre. The products of combustion 
from both escape through holes in the dome top. 
The fires are fed with coal through ojicnings at 
the top of the mouths. 

These openings are fitted with iron doors or 
fireclay slabs, which, being entirely or partially 
<*losed, regulate the amount of air jiassing into 
the oven. 

The Down-draught Oven. I'he Minton's 
Patent, or down-draught oven [15], dillcrs con- 
siderably from th(^ up-draiight in construction 
and princijfle. The general arrangement of the fire 
holes is the same, but it will be notief‘-d that 
there is no independent. chiinm‘y or hovel, tJu^ 
ehimnt^y iKung built upon the body of tlie oven 
itself. The great difference in principle, how- 
^ver, is tlie course taken by the flame. The fire 
hol<‘s are connected with tlie int<‘rior of the oven 
by iijiright flues only ; on leaving these flue.s, the 
flSmie ascends to th(^ top of the* dome. The* 
ojieniiig. A, however, being closed, t he* products of 
combustion areM cflcctcd to the* floeir, and, passing 
through holcw in the bottom e>f the oven, P, 
escajK^ eventually by the* vertical rtm*8, C, built 
in the walls. TJie course taken by the flame in 
this ease is much more leMigtliy than in the case* 
of the up-draught e>v(*n, and re*sults in 
more peu’fect combust ion and conseepient , 
economy of fuel. 

The Saggers. Having briefly de- 
se rilwd the construe.tion of the ove*n, we 
will pass on tothomethoel in which the 
clay ware, already dri(*d, is place*d in the 
inner chainlx*!* and tirenl. In euder to 
protect the clay fnim the fire*, and also j2. hkv 
so that the oven can be* jiropcrly fillcel. the sriNDi 
pieces are first e>f all put into liivclav i>iiviNe; 
boxes, or saggers. Tliesc sagge*rs are made* 
fre>m coarse local marls which eiccur in the coal 
districts, and arc of size and shajs* to suit the* 
])art.icular class e>f goods for which they are* in- 
tended. The marl, after being mint'd from the* ])it, 
is crushed In'tw^cen metal rollers and niixt*d in a 
horizontal pug mill tvith about a t hird e)f its w'<*ighl. 
of previously lirid 
marl, the*re(j[uisite 
amount of water 
being added to 
make the mixture 
})liwetie. In prac- 
ti(;e, the saggers, 
which haves al- 
icady Ix'cn fiicd 
iind Ix'come usc- 
l(‘ss or broken, arc* 
ground up and 
used to mix with 
th(3 marl. Tim 
object of intro- 
ducing the^ fired 
material is to re- 
<luce tho oontrm;. 


have benn tlesigned whieth, although not pcrfe'ct, 
will doubtle^ss eventually supersede the hanei 
ine'theids 

The prepared marl is first of all beaten by 

— hand with woexl(*n 

mallets on an iron 
tables into flat 
slu'cts of al>out 
1 in. thickness. 
The sheets are 
then cut with a 
knife into strips, 
tin* width of the 
strip corr<‘.spond- 
ing to the height 
of the sagger re- 
ijuired. Tlu* shape 
is given by wrajj- 
.. ping tlicM* strips 

round wooden 
lioxes or drums, 
which are afterward plaeed upon flat )>ats of 
marl tlie size and shapi* of the bottom of the 
sagger. The slrijis wliieli form the sid(*s are 
tlien worked into and welded to the bottom, 
thus fomiing a eompl(‘fe )m)x ; thes<* are then 
slowiy drit*d and sent to tlic oven to lx* tired. 

Filling the Oven. 1 Mk* clay ware is 
simply jflaced insidt* tlu* saggers, ]>ack<'<l 
as closiiy as possible, clean sand Ix'ing 
used to support it wliero necessary, liu^ 
saggers art* arranged one upon the otlu*r 
in the oven as shown in 18, those con- 
taining such ])iee<'s as ewers, jugs, euj)s, 
and the majority of small hollow ware 
l>eing phu'od in the hottest parts of the 
iLVTNO ^>ven. while tlu* jilalcs, dishes, etc.., an* 
j FOK kept in the centre, away from the fire 
lOtfLDs Aft(*r the entire tnum has iK't'U 

tilled as solidly as possibh* with 
saggt'i’s, the entranet* is built up and made air- 
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tion and enabk* the saggers to withstand sudden 
<*hange» of temperature when the oven is cooling. 
Hp to recently, thc^se sagg(*T8 have lieen almost 
universally made by hand, but latterly machines 


saggers, the entranei* is built up and made air- 
tight. 

Firing the Biscuit Oven. Tlu* tiring, 
as wc have already said, must proceed sIowIn 
and t*venly, our objotd U’ing to i-aise the c*ntire 
ma.ss in the oven to one uniform heat, and to 
bring about the eontraetion of thc^ clay cijually 
and continuously. The time taken to lire a 
bi.seuit ov(*n is from 4S hcmr.s to 00 liours, and 
may Ik* dii ided into three stag(*s. 

During the Ill’s! stage. (»r .vued'iwy, the fires an' 
very slight, as it is only necessary to create a 
g(‘iitle heat in the oven just suflieient to drive olT 
any free moisture wliieli may have n'cnained in 
the ware or unfired saggers, 'ibis treatment lasts 
for about twelve* hours, until the whole of the 
oven is thorouglily warmed. 

During the second stage the lu'at is gradually 
raised for about hours, ''fhe clavs now* lose 
their combinedf water, which is driven off at 
about red beat. The bexly, however, dot's not 
undergo any marked change, and remains about 
the same size, hut losing a little of its density. 
Cbvat eare must bi' taken not to increase the 
beat too rapidly, otherwise the outer part of tlu^ 
ovt'n will become very much hottc'r than the 
centre, a difference w hich cannot afterwards bc^ 
rectitied. 
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The third stage, which we might consider as 
the firing proper, begins with llie contraction 
of the body. The fireman controlling the oven 
tnust then be sniided by whatever p)Tometer he 
is using as to the correct manner to treat his fires 
in order to bring 
about the entire 
shrinkage in an 
(-ven and regular 
luannor. 

Pyrometers. 

The pt/rorneterff, 
on which do- 
[H'nd, to a great 
extent- the ulti- 
mate result of 
the tiring, may 
U' divided into 
two classes — 

those indicating 
the heat #e- 
([iiired, and 
those showing 
the eff<'ct of the 
heat on t li e ^ , 

material. i BiscriT ovkn 

Of th(‘ first class, the “ Si‘ger cones are the 
most generally used and the most reliable. They 
are composed of more or less fusible felspathic 
mixtures so adjusted that they In^nd or melt 
at given temjXTatures. Having placed a nurnl»er 
of them in the sight holes of the oven, the fireman, 
by making periodical obs(‘rvations, secs exactly 
what heat ho has attained. 

In the second class, the actual ¥4 ^ * 

material being fired is used, 

Small pieces of the drit'd laxly, 
or "trials,” are put in the oven 
as Ixdore, hut arranged in such 
a way that they can !)e easily 
drawn out and examined. The 
fireman then judges the heat 
by measuring the contraction of 
the trials or by observing the 
texture of the fracture when the piece is broken. 
The latter m<'thod is extensively used. By allow- 
ing the small pieces to cool very quickly, they split. 
"J'ho denser Hu? body, the closer the t)artieles ; 
consecpiently, the smoother the fracture. Tlu* 
appearance of this frai^turc becomes then an in- 
dication of the density of the body, or of the heat 
to which it has been submittetl. 

The second class is undoubtedly 
the more reliable one, as the increase 
in heat do(.*s not always corrosf)ond 
with the molecular work done in 
tile body. There arc* certain periods 
during the firing when chemit^al 
combinations take place in tlie 
body which bring about the 
shrinkage, so that, in order that 
the contraction of the ware should 
occur evenly, the heat at these {x^riods must Ije 
to a certain extent withheld. 

After the right temperature has been reached, 
the oven is allowed to cool slowiy. 

Should the cooling proceed t(X> rapidly, tlie 
larger and thicker piec(*s of ware will have a 


tendency to split, the outside of the piece lx»- 
coming void whil^ the centre is.^till hot, and 
causing an iinecpial contraction. When the whole 
of the oven has become thoroughly cool, the 
ware is di’awn out and examined, and the faulty 
pieces, such as the cracked and 
twisted, are set)arated from the 
good. The body is now in the 
biscuit state, having been 
thoroughly hardened by tlie 
fire, but in the case of the 
mixture under consideration, still 
retaining a lit tle jwrosity. 

Glazing. 
The foundation 
of all glazes is 
the silica or 
Hint nmdered 
fusible by thd 
addition of 
fluxes, such as 
borax, car- 
bon.'tc or oxide 
of lead, lime, 
scxla, and })ot- 
a a h . T h c s i* 

proportions and 
glass which har- 
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materials, mixed in suitable 
melted tog<‘thcr, f)roduc(^ a 
monis(‘s with the biscuit to which it is applieil. 

Equal Contraction and Expansion. 
It is particularly necessary that the glaze 
should Ih' ho corn]>()scd that it has a similar 
contraction anti expansion to the body which 
it covers. The glaze, like the 
body, expands w’ith heat and 
contratds with eold, and un- 
less the body and glaze con- 
tract and expand simul- 
taneously, two faults arc 
developed. In the tiist place, 
f should the glaze contract on 
cooling more than the body, 
it brt'aks uj), the surface Ix*- 
coming covered with fine cracks 
If, on the other hand, the Ixaly 
mon^ than the glaze, it is apt to 


a 


1 .. 
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or era rc.y. 
contracts 

compress the glazt*, which, after it has Ix'tm com- 
jaessed l>eyond the limit of ita (‘lasticity, 
acquires sufficient pressure to break the piece. 

The peemliar pro|x*rties of the various fluxes 
used in combination with the flint are as follows ; 

The borax gives brilliancy and hard- 
ness to the glaze, and has the 
projH^rty of covering a large surface 
in proportion to its weight. The 
had makes the glass elastic and 
lustrous, and at the same time forms 
a more stable glass, which is not so 
easily affected by subsequent repeated 
fires. The lime is introduced for its 
c YLiNDER Htability and transparency when in 
combination with the silica and 
borax. and ]K)tash are the most fusible* 

fluxes, and greatly affect- the melting point of 
the glaze. 

It must be borne in mind that these properties 
are due to the combination of the ingredients and 
to their effect upon one another when melting. 


■AUTHCNWARE 


Preparation of the Glaae. Our object 
now is to produce a mixture, from the al>ove 
materials which, when groimd to a finely 
divided state, shall bo stable, and in no way 
soluble in water. However, certain of the in- 
gredients necessary for the glass, such as borax, 
soda and potash, are extremely soluble in water, 
juid the fimt process in glaze- 
making is to lender them 
insoluble by combining 
them with (?ertain projxir- 
tionsof silica, Cornish stone, 
lime, china clay, et/C. This 
is done by intimatt^ly mixing 
together the materials and 
melting them in a sxKicially 
(‘onstioictcd furnace 1 16]. 

This process is called fritting, 

{md the gloss so produced 
tlic frit. A further quantity 
of flint, lead, and stone is 
theu addetl to the frit, and 
ih<* whole mixture ground 
in Avater. 

M'he mill already de- 
scribed has, till rt'centty, 
be<*n used for glazt* grinding, 
but it has now b(‘cn HU])er- 
Bcded by tht^ ‘‘ Alsing 
(ylindcr,” a rotary mill [17]. 

^Hiis machine takes con- 
sid('rably less power U> drive, 
and grinds mort* rapidly. 

It consists of a cylinde!' 
line<l with <bcrt porcelain, 
or Avoud, which is half filled 
with small flint bouldci’S. 

The frit and mixture is 
int ! ixluced into the cylinder w itb a certain amount 
of water. On making the cylinder revolve slowly 
the flints rub against ea(*h other, and the glaze 
lying between and about the bouldei’s is groimd 
by the friction between their surfaces. After it 
bas been passed through tint* silk sieves, and the 
jnetallic iron extraetfxl from it by ordinaiy 
magnets, the liquid glaze is delivered into tanks. 

Applying the Glaze to the 
W are. The liquid glaze is applied 
to th(^ w an^ by plunging the porous 
pieces of biscuit into tlu^ liquid, 
the porousness ensuring th(‘ 
letention of a sufliciently thick 
coating. The evenness of the 
coaling depends upon the manner 
in which the piece is dippt^d into 
the liquid and the superfluous 
glaze shaken from it. 

After being thoroughly dried, the 
ware is again placed in saggers, which are built 
up in the oven in the manner already described 
for biscuit firing, wath the exception that the joint 
between every sagger is mtide airtight by the 
insertion of rolls of plastic clay. 

Tlio method of placing the ware, however, is 
<lifferent, as the piece.s must Ix' kept from contact 
w ith one another or w ith the sagger, to piX‘vont 
the glaze, when molten, causing them to adhpn\ 



To accomplish this the a^'lieles arc sepa^ated- 
by various shaped small pottery supports 
called thimbles, stiUs and naddles. Fig. 19 shows 
the arrangement for placing plates or saucers, 
the thimbles, A, being so formed that they can 
he built up one on another, so that the waio 
only comes into contact with th(‘ pointed ann. 

After the glaze has btxMi 
cleaned from th<^ foot, hollow 
pieces, such as jugs, cups, 
ewers, eU*., arejilaced on tie* 
liotloni of the sagger, uyxin 
w^hich some small Hint 
chippings have Ijeen ]ne- 
viously sticwvn. These 
chippings provide small 
] wanted Kiipf)()rts for the 
])ie.(*eK, and so prevent them 
fioru adhering to the V>ottom 
of the sagger. 

The corn j)osit ion f>f the 
glaze suitablt* for the body 
given at th<‘ Ixiginning of this 
article is as follows : 
i’rit — 

Itorax . . , . . , ;>M 

Flint 

Stone Is 

W’hitirjH: 1(» 

Cliina Clav .. .. >« 

Carbonate of lt‘a<l .. .. l‘t 

Mixture* to mill— 

Frit .AS 

Stone . . ;{.! 

Flint . . r, 

f.'arbonute of le.id s 

Glost Firing. Ther/W 
firin^j, or vtunelting of the 
glaze iqxvn the surface of the 
biscuit, must procetxi briskly, 
and occupy fioin about IS 
ti reman gauges the progri'Ss 


METHOD OF ARRANGING SAGGERS 
IN BISCUIT OVEN 


to 24 hours. The 

of the heat by draw ing from the ow^n jx^riodically 
small rings, or trials, made of a lightly fired i txl 
marl and dipped in a soft- ixxl glaze, which datkt n 
as the heat inereases. It is extremely important, 
during the w^hole process of glost tiring that the 
at inosphere inside the oven should be ke]>t as oxid 
ising as possible. In other w’ords, if insufli( i<*iit 
air for eombii.stion be admitt(»d 
through tlie fire holes, tlie products 
of (combustion beconu* hui(‘n with 
carbon, which, in order to burn, 
will rob the letwl and other eom- 
))Ounds in the glaze of tluhr oxygen 
and so alTect Hut brilliancy of 
the piece. F(.ir tliis ivason the 
ovens a’x* cooltnl v(‘1t quickly, 
allowing as nuu li air as ]>ossible to 
pass through the oven while th<* 
glaze is still in tlu‘ molten state. 
It must be understood that the brilliancy of 
tbe glaze on the* ware deptmds to a very grt^at 
extent upon the -oxygen which is contained in 
the fluxes. 

When it has Ix'en drawn from the oven 
the ware is earefiilly examined for faults, 
the small rough places, wiu're ea 'h pieic has 
boon supported during firing, being dressed and 
smoothed w ith steel tools. 

Coniinned 
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NAPOLEON 

A Short Story of a Great Career. Napoleon’s Triumphs and his Fall. 
The Restoration of the Bourbons. France Ag:ain Under a Republic 


By JUSTIN McCarthy 


'T‘HE movement of the great French Revolu- 
^ tion was brought to a close, for a tipie at 
least, by the career of Napoleon Bonaparte. 
Napoleon may l>o ranked as soldier, conquei'or, 
and dictator even u iih Jiilius Cfesar, although he 
had none of Caesar’s gifts as historian, orator, and 
statesman. He came of an ancient Corsican 
family, and was born at Ajaccio, August 15th, 
176tt When ten y:‘ars old, he was sent to a 
militaiy^ academy, and five years afterwards was 
removed to a scliool of the same order in Paris. 
He entered soon after a regiment of artillery as 
second lieutenant. His rise was so rapid that in 
February, 1796, be was appointed General in 
command of the army in Italy, which had 
then for its chief enemies the forces of Austria. 

He won many victories over the Austrians 
and Piedmontese, and at file famous battle of 
l^idi gained a complete victory over the Austrian 
forces, and entered Milan in triumph. The 
contest, however, was still continued with great 
obstinacy on the part of the Austrians. The great 
European powers now liegaii to regard Napolebn 
as the (‘iu‘my of all states and sovereignties out- 
side France, and alliances were formed against 
his ambition and genius. NapoU'on soon had 
arrayed against him the armies of Austria, 
Prussia, and Russia, and it v/as becoming evident 
that Iwfore long England would join the coalition. 
His ex|)c‘dition to Egypt began in May, 1798, 
and he ni^coniplisbed the (capture of Cairo in 
July. His beet, hoAvever, was destroyed on 
August 1st by Nelson at the battle of the Nile. 

Peace Overtures. There werre domestic 
troubles in France meantime, and Bonaparte 
returned to take part in forming a new constitu- 
tion. With some other leading Frenchmen, he 
established a new constitution, under which the 
Government of the country w'as invested in three 
Consuls. Napoleon Avas nominated First Con- 
sul for ten years. He noA\' made overturcis for 
peace to England and to Austria, and he 
endeavoured to convince these (Jovemments 
that he Avas a sincere friend of pisacc. It is 
contended by some l^nglish writers that if 
Bonapaii-Li’s overtures had lieen accepted, an 
abiding peace might haA o been won for Europe. 

Franco avos still profoundly influenced by re- 
sentment for the attitude Avhieh most of the 
European monarchial states had adopted to- 
wards the French Revolution, and she believed 
she hod reason to regard EurojK? in general as 
her enemy. Napoleon took command of an 
army, whiih he led through Switzerland, across 
the St. Bernard, into Italy ; ho occupied 
Milan, and defeated the Austrians at the battle 
of Marengo. Austria offered terms of i>eace ’by 
giving up the greater part of North Italy ; a treaty 
with Germany followed in February, 1801, and 
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the Treaty of Amiens, Avith England, in 1802. 
Napoleon was then elecjted First Consul for life, 
and set himself to work for tlie roconstructioii 
trf the whole civil constitution of France. She 
was, however, no nearer to i>eaee than she had 
l>een before. Napoleon w^as possessed by the 
conviction that England felt for him an irro- 
eoncilable enmity, and the English UiUeved that 
Napoleon was planning some treacherous attiR'k 
upon llietm. * 

TliT«e Grremt Battles. On May 18th, 1864, 
Napoleon assumed the title of Emfieror of the 
French, and it sot>n iKM amc evident/ t hat a gieat 
European aa'ot was at hand. NafK)leon app(Nii>; 
at cme time to have been maturing a plan for tlu^ 
invasion of England, but her naval superiority 
madi^ this dosigii futile, and he leil liis arniitvs 
through Hanover, Avon a great victory o\'cr the 
Austrians at ITlm on October IJth, 1805, and on 
December 2nd following he won the great victory 
at Austerlitz over the allied Russians and 
Austrians. He had, during this campaign, in- 
flicted defeats on the Prussian Army. Prussia, 
however, still held out, and got together a new 
anny ; but it was to little purpose, for Nayiolcon 
won another grtnit victory at .bma. At Iasi a. 
)x*aee was made by which Prussia bad to sur- 
render iKN'irly lialf her territory. Napoleon sent 
an anny into Portugal under (leiieral tlunot, and 
another to Spain under Murat, Avho eaptur(»d 
Madrid. 

Napoleon made his brother, Josc}>h, King of 
Syiain. .loseph had already Ix^en eri'ated by him 
King of Naples, but Napoleon thought it noAV 
more fitting to transfer liim to the rulcrship of 
the defeated Spaniards. I’he Spaniards kept 
up a continuous relxdlion, against which Joseph, 
w'ho was a kindly-hcarO^d and hiimam^ man, 
found liimstdf unable to contend, and ho soon 
withdrew’ from the troubk»s of Royalty to a lib* 
of peace. 

The Retreat from Moscow. Napoleon 
endeavoured to carry on his comjuests, but a 
new figunj had aristm on the seem' in the 
jicrson of Arthur Wellesley, afterwards IXike of 
Wellington. He Ix^gan by defeating Junot and 
other of Napoleon’s marshals, and the event 
marked the opening of a change in his career. 
He took a fatal step by invading Russia with 
an army of 600,0(X> men, because it AA’ould not 
assent to his annexation of Holland and West- 
phalia. He won his first battle, which he 
followed up by taking possession of the city 
of Moscow. Here ho met with unexpected 
resistance, for a vast fire broke out, destroying 
the greater part of the city and rendering a 
retreat unavoidable. The retreat from Moscow 
was one of his greatest disasters — it was th<' 
beginning of the end. 
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Napoleon returned to Paris to raise a new 
tirmy, but the day of his greatness .was over. He 
received a crushing defeat at Leipzig, and then 
began the invasion of France by the Allies. 
Wellington was now leading his amiy across flu? 
lienees, and Napoleon, feeling that the game 
was over — at any rate, for the time — offered to 
a{)dicate in favour of his son. Thd offer, how- 
ever, was not accepled, and he was compelled 
Ui make an unconditional abdication, 

Tlu^ Allies offered to confer upon him, tm 
condition of his ivithdraw'al from Fnuiet*, an 
empire of a somewhat diminutive order. He 
was to be created Koveivign of Elba, with the 
title of Em})eror. This arraugeimmt Napoleon 
{U‘e(‘pted on Ajail r)th, 1814, as he hjwl at the time 
no means of resist ing. Outside France, he had 
«rous<^d all KurofMi against him, and his enemies 
hlld liim in their power. He had, therefore*, to 
m^eept terms which jiraclieally m;ide him an 
(;xil(?. But lie soon began to make secret arrange- 
inrmts for a return to tla* se(‘ne of his Imperial 
power. He escaped from Elba with some, 
to] lowers in a little fleet of liirtHi vessels, landed 
in France on Mareh 1st, 18 1,^, aiul received a 
rapturous weleome throughout the country, the, 
army receiving him with undivided enthusiasm. 
'Phe Empire was reston'd as by magic, and 
Napoleon once mon* entered Paris in triumph at 
the head of his army. 

Waterloo, The coalition against him hiul 
in tht‘ meantime become relaxed in its cohesive- 
ness, and wheii Napoleon return(‘d do France, 
only a mixed fore(‘ in Belgium undt'r vV(‘llington 
and a Prussian army commanded by Bluelier, 
along the Rhine, wen^ ready to oppost^ him. 
Napoleon gained a victory over Blue,her, but 
lost some time Ix^fore following il up. Napok*on 
then led bis forces to attack Wellington, who bad 
already def(*ated, at different times, most of the 
Emix^ror’s ablest marshals, and he now had tlu* 
julvantage owing to Napoleon's want of prompti- 
tude in a decisive movement. With the helj) of 
the Prussians, wlio had joined him, Wellington 
won a complete and crushing victory ov<*r 
Napolc'on on the Plains of Waterloo. 

Na])oleon, knowing that his last hopes were 
gone, Hed to Pai*is, and, with the int<mtion of 
seeking r<‘fiige in America, went to Rochefort : 
but, (‘ither eliaiiging his purpos(? oi* tinding the 
project impracticable, he gave himself up as a 
prisoner to the captain of the British war vessel, 
the Bellerophon, and was brought to England, 
and from thenee banished by the Jiritish Govern- 
ment to St. Helena. He anived on Octolwr 15th, 
1815, and there he spent the remainder of his life. 

The Restoration of the Bourbons. 
^Vllen Napoleon left Paris after the defeat 
at VVaterloo, l.«ouis XVIII. entered it, and the 
family of the Bourbons was riwitored for the time 
to the throne. A decree was passed excluding 
for ever all members of the Bonaparte family 
from Franco Louis XVIII. died in 1824, and 
was succeeded by Charles X., who distinguished 
himself only by his efforts to restore the absolute 
system of the old French monarchy. But ilic 
of the Revolution htid spread too 
widely and deeply among the French people to 


admit of any return to the ancient systems, 'fhe 
settlement made at the Congres.s of Vienna by the 
victorious European sovereigns, with the object 
of maintaining tlie old-fashioned system of 
monarchy, was made with no regard to th<^ 
development of human intelligence, the spread 
of <‘ducation, and national sentiment. Charles X. 
tried to maintain his power by passing the Pro- 
clamation of Ordinances, announcing a new 
system of elections, restricting lilx'rty of s|iet-ch 
and publication, and abolishing the* charter 
which the Bourbon laniily cionsf'ntfKl to accept 
on their restoration. Tlie King also dissolved the 
Parliament vvbicb luwl but leecnlly been elected 
as a protest against tin* tyrannical measures 
he w'us introducing. The result was that the 
people of Paris rose in arinefl resistance, and the 
King had no course kdt than U) abdientt* — on 
August 3rd, I83(t He died in exile*. 

Louis PhiHppe. Louis Philip|M‘, the f*ldesl 
son of tlu‘ Duke of Orleans, was born on 
()etolK*r Otb, 1773. When the revolution broke 
out and the Rt piiblic was established, he and 
his father joined tla* j) 0 ])iilar movement. Ht* 
s(*rved in the wars of the Rt*publie, hut soon 
got into political tnaible, and sought refuge in 
Austria, and afterwards in Sw itzt‘rland. where 
b(* made a living as a teaeluT. H<* spent some 
years in the rnil<?d States, and afterwards 
settled near Ix>n don. On the res( oral ion of the 
sovereignty in France, he was (‘iiaf)led to recover 
his estat€»s, and on the abdi<’ation of Gharles X. 
W'as raised to the crown. He was popular for 
a. whik*. Ixjeause he was lit'lieved to l>e a ermstitu- 
tional soven*igm ; but be disap}M>int(‘d popular 
exix'tetations, and when public disappointment 
sbow'cd itself in eotistitulioual fashion, be had 
reeoiirst* to tin* old mtNisures of react ion 
dissolving of Parliaments, the snppi’ession of 
liostile JiewspajMU’s. tlie secret int(*ifejene(‘ with 
trial by jury, and intrigues with foreign Govern- 
luents. 'riiere wius a rising against him in the 
February of 1848. He was forced to alKli(*a4e. 
and took reduge in England, where he died 
on August 2()t!i, 1850. After hLs tliglit. a 
Republic was proclaimed. Among the lising 
ligures in tlu* new' Republic was that of Louis 
Napoleon, the son of Ixmis Bonaparte, the grcMt 
Emperor s brother. 

LrOUis Napoleon. Louis Napoleon had 
lived in exile and had written and published some 
military and polifi(ial treatises. By the death of 
the D\ik(' of Reiehstadt, only son of Napoleon I., 
lie became the head of the family. He mad*' 
two uiisuocessful atti*iii})ts to create a Napoleonic 
restoration, and for the second lu* was sentenced 
to {xrpetual imprisonment in the fortress of 
Ham. He escaped after live years and 
(‘ame to England. When the revolution of 
3848 broke out in franee, he returned, and was 
<‘leeted a meinlxT of the Gonslituent Assembly ; 
he afterwards became a candidate for the 
Presidency, and was elected by an immense 
majority. For a time he played the jMVt of a 
('onstitutional and republit*an chief magistrate, 
but bis ambition sought a higher sphere and 
more complete authority, ami he sueoevded in 
obtaining the conlidenco of the Army. On 
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December 2nd, 1851, he abolished the existing War with Pruaftia. Louis endeavoured to 
constitution, so far, at least, as it prevented the recover his lost .prestige by finding a pretext 

creation of a dictatorship. This was an open act of for quarrelling with Prussia, against whom he 

niilitar^^ power, but it appeared to have had the declared war in July, 1870. That war proved 

support of the country, for when the vote w'as the crowning failure of his policy. The Prussians 

taken, Louis Napoleon w'as re-elected Pmsident won victoiy after victory, and at last occupied 

for ten years by a suffrage of over seven millions. Paris, Napoleon 111. being capt ured and held 

The" Empress Eugenie. He soon as- as prisoner until the settlement of that Peace 

sumed the title of Em]>eror, and Mas again which brought about the formation of a new 

supported by the (umntry in general. He now French Hepublic. In March, 1871, he came 

made it his work to recommend himself especially over to England, and lived therewith his wife 

to the army, the denux^racy, and the clerg>^ at Fliiwlbiirst, in Kent, where he died on 

He insisted on the right of peoples to chose Januaiy 9th. 1873. Their son, Eugene Louis, 

their own rulei-s, but he imposed the sev’^erest had served in his father s army during the fatal 

if'strictions on the lilierty of the Press. On war of 1870, and afterwards accompanied his 

January 29th, 1853, he 'married Eugenic dc parents to England. He served as a volunteer 

Monti jo, a Spanish countess of remarkable wdth the English forces in Zululand in 1879, 

l)eauty, who made a brilliant f]gun> at the and lost his life in the campaign. ^ 

Imperial Court, and wdio lived to see the fall, to ^I'he new French Rt'public was founded under 
share the exile, and to knt^cl by the grave of lu'i* conditions which might hav<^ seemed hojxjlessly 

husband. The policy of Napoleon tliicMighout discouraging. The enemy w^as still in possession 

seems to have l>een diixvtcd to propitiate the of Paris and a great part of the country; and. 

popular vote and to conciliate the Army. He further, a great socialistic revolt w^as springing 

undoubtedly effected much good work towards up among the Frenc h chiefly among the 

the improvement of tlie cities and tt>wris %>{ population of tlie cities. The Fommunc was 

France, and established Tr<‘aties of Comnier(!<‘ actually proclaimed, and some fearful riots 

w ith many fon*igii states. The comra<*rcial tt>ok place, among wJiich several French gent*rals 

treaty with England was pre[)ared by Richard who had fought for their eountry agamst the 

Fobden for England and by Miehef Chevalier Germans, and weiv now fighting for the Republic 

for France. Ho exerted all liis power towards against (V^mmune, wore done to death. The 
the re})ression of republican opinion and all Archbishop of Paris, Monseignour Darboy, was 

inde])endciit opinion in the Press or on the murdered. The Communists held Paris for a 

]»latform. He formed militarj-' alliances with time, and #^hen this U'camc impossible they 

other European states ; and w^ith England, burnt down many of the great public* buildings. 

Sardinia ancl J^urkey he hclpi'd to cany on thc^ The R<‘publie eonquen‘d in the end, and seven* 

Crimean War against Russia. He also carried imnishments were inHict<*d. 

on a successful w'ar against Austria, which did The New Republic. The i*n*sidc*iil, 
much tow'ards the emancipation of Italy. M. Tliiors, had to undertake with the* o]X‘ning 

Louis Napoleon and Mexico. Most of his presid(*ncy the task of concluding [Hiaee 

unfortunate was his attemi>t to convert the with the (terman iiivadera and bringing the civil 

Republics of Mexico into an empire under the war to an end. Botli tasks were aceoinplishcd, 

rule of the Archduke Maximilian of Austria. and tlie Republic began its work of ix^aceful civil 

This Ixigan as the result of many just com- government. But ev«*n in the Constitutional 

jilaints made by the Pkiglish, French, and Assembly there was a still strong monarehial 

Spanish Governments of the ill-treatment of party; indeed, tAvo parties —one in favour of 

foreigners in Mexico, and the non-payment of restoring Iht^ old Ix'gitimist dynasty and tin* 

arrears due to foreign fund holders. The three otht*r supporting a restoration of the Orleanist 

Goveniments resolved to enforce their claims ; dynasty. Thiers, although a monarchist at 

but Louis Napoleon’s projeiJ for the creation of heart, maintained that a new monarchy was 

an Empire in Mexico Avas disapproved by the impossible at the time, and allied himself with 

English and the Spanish Governments. The the Republicans. Leon Gambotta, a gixjat demo- 

French Emijoror carried it on alone and the Arch- crat and orator, who, during some of the recent 

duke Maximilian entered Mexico as Emjieroi troubles, had been in all but name Dictator of 

under his protection. The Mexicans held out the eountry, maintained tlio cause of the 

with irrepressible resistance and the Govern- Rtipublic, and the Republican party had a com- 
ment of the United States came to their aid, plete victory. Thiers died during the course 

suijporting this action by the temis of the of the electoral struggle which decided the 

famous Monrixr doctrine, and Napoleon’s Govern- victoiy. The Third Republic was founded 

ment found it necessary to withdraw their troops. with a succession of elected presidents, for a 

Maximilian carried on the resistance to his fixed period of years, to be its presiding magis- 

Mexican opponents, and sanctioned the execution trates. That Republic has already lasted 

of several Mexican generals in the service of the much longer than either of the two which pre- 

Rt^public who had maintained the cause of ceded it, and there does not at present seem 

their country in arms. When Maximilian's any indication that the public mind of France 

attempt to found an empire thus utterly failed, is likely to turn with favour again to any 

he was, in his turn, tried by court-martial, project for the foundation of a Monarchy or an 

ultimately condemned to death, and shot. Empire. 

Continued 
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MANY TELEGRAMS ON ONE WIRE 

Group 10 

TELEGRAPHS 

Duplex and Quadruplex Working. Varions Methods of Transmission. 
Sending Two or Four Messages Simultaneously on one Wire 

7 

Contintifd fi-oiu pime f»17R 

By D. H. KENNEDY 


IT is safe to say that nothing oxt^iies the 
* wonder of thc^ young t-elegraphist mon^ 
than duy)lex working, the system which enables 
messages to be sent simultaneously in opposite 
directions on a single wire. Most of the English 
circuits are worked on what is called the 
differential fafstem. Jw(*t us approach the suh- 
jcct from familiar ground. 

Consider a single-current eircuit as shown in 
30,pag(‘ HOOT. How can \v<* modify it so as t o enable 
it to bo used for duplex working 'i As we wish 
to he able to receive a signal at th(‘ twirae time 
as we aiv sending, it is clear that we must alter 
the position of our relay so iis to include it in 
the line circuit. We mrf^^ do this by connecting 
No. 3 terminal to No. 1 . and No. 2 to earth. Now 
we lind that our oavti signals affect our relay, and 
wc come to the real crux of the problem - that is, 
liow can we signal through our relay without 
affecting it V For this purpose the relay is 
anang(H:l with differential windings. First, wc 
must adjust the brass straps so that both ar<‘ 
connected across iH.'tw'cen arid v. Now re- 
arrange the circuit connections as shown in 45. 

Duplex Working. Now' wc have one 
winding of the relay (P to (!») included in the 
lino circuit, and currents sent through it would, 
as lioforc, reproduce our marks. A little con- 
sideration will, howen’cr, enable us to see that 
wc can arrange to send through the winding 
tj to D a current of the same strength as that 
in 0f5) to , so that the relay armature will he 
unaffected To do this we must connect the 
bridge of the key t(» v by a suitable resist- 
ance — that is, a resistance ecjual to that of 


the line, the distant apparatus, and our own 
galvanometer. 

The Artificial Circuit. The circuit is 
now' as shown in 46. The part betwt>en u, u 
and the key may lx? called the rmnpeV'fiation 
cirniit or artificial circuity and wo see that 
our signals to the distant station pass through 
our own relay, hut leave it entirely unaffected 
Now' we ext nd our considerations to both 
stations, arranging them similarly. On exam- 
ination we find, first, that each station can 
signal to the other one without affecting his 
own apparatus. SfHrondly, we must considta* 
what chang(‘s tak(‘ place when, the key at A 
being already held down, that at B is also 
depressed. For this purpose wc take another 
diagram 147), omitting everything except relays 
and batteries. 

'I’lie circuits may lx? shown as three rect- 
angles. X, and Z : and sinee X was madi? 
equal in resistance to V, and Z w^as also made 
(Mpial to V, all three arc of ei^ual resistance. Th(* 
current from batt(Ty A di\’idcs ecpiaUy Ixjtw'een 
X and as shown by the single-headed arrow's. 
Similarly, th(‘ current from B, which is of lht‘ 
same strength as A, divides equally between 
Y and Z. ns indicated by <louble-heach‘d arrows. 
As a result of the joint action of A and B, the 
current in the line lircuit Y is double that in 
cither of the comptnisation circuits X or Z. As 
a cons(MjU('nce tlic (i,'> to (b w inding of each relay 
is tra\crsed by current double th(* value of that 
in the com})ensntion circuits, so that both 

mark.*’ Each station can therefore signal 
through his own relay without affecting it, and 



5241 






TKLKQIIAPH8 


can energise the distant relay whether the 
distant station battery is in or out of circuit. 
To facilitate adjustment, the galvanometers are 
also diffei-entially wound, and the interpreta- 
tion of their deflections has been 
explained in the practicaKsection. 

Battery Resistance. It has 
been stated that when both batteries 
arc intrcxlucod into the line circuit 
the current is doubhxl. In order 
that this may be quite true, the 
doubling of the electromot ivc force 
must take place without any 
alteration of the total line resist- 
ance. The batteries, however, - 
may have considerable resist- 
ance, so recourse is had to Die 
exjiedient of Introducing resist- 51. rhkosta 
anco coils, which take their 
jdaee in the circuit alternatively with the battery. 
A complete skeleton diagram is given in 48. 

Duplex and Simplex Switch. t)n 
many circuits, especially provincial, it is necessary 
to work du])h‘X only during the busy hour.s. 
To economise battery power a sw^itcli is pro- 
vided by means of which the connections can Ix^ 
alt<^red as re<piir<‘d. 

Fig. 49 is a diagram of the arrangement, 
and show^s also the usual positions of the 
various parts on the instrument table. 

To add to his memory stock the stu(l(‘iit c - ~ - - 
should take the switch terminals as 
times on a clock, beginning at 8 a.m., 

thuH : " 1 III 

8 o'clot'k of relay 

10 ,, 

12 ,, /fro 

2 ,, rheostat , I 


fi „ ziw. of battery connections 

The italicised worxls can easily be parallc 

strung together and retained as a mnemonic*. and the int(^rv( 
Rheostats. Variable resistance under this One surface ( 
name are always used for the artificial circuit», the n^maining p 
They are made up of resistance coils [.se<? page brass segment 
789], connected so as to value. A 

allow of any required 
resistance within ceitain 
limits being introducid 
into the circuit. The 
latest pattern, known as 
tho D Khw)stat, is shown 
cliagrammatically at 50, 
whfic 61 shows its ex- 
ternal appearance. 

Double»current 
Duplex. To alter a 
circuit from single-current 
to double-current, duplex, 
it is necessary only to denser 7| microfarad 

introduce a doul>le-eurreiit key and to remove limits the maxin 

the single-current key and the battery resist- and so lengthc 
ance block. We proceed, therefore, in the charge to reach 
direction of simplification, and all new duplex Consider 64, 
circuits in the Post Office administration are circuit. Risth 
made double -current. tardation coils. 

Long Circuits. For long circuits, how- charged througl 
ever, it is necessary to modify ^ the artificial is charged throu 
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er the circuit. When the line exceeds 100 miles, the 
circuit. difference between the capacity of the long and 
ers are comparatively thick line whe and tho neghgible 
rpreta- capacity of the few coils of small wire in tho 
artificial circuit becomes sufficiently 
marked to interfere with the signals. 
Artificial capacity is therefore 
introduced in the shape of 
condensers. 

A covdtTuier is a development 
of the Leyden jar. For tele- 
- grapiiic purposes it is made by 
arranging a large number of 
layers of tinfoil and paraffined 
paper. Odd-numbered tinfoils 
are then connected together to 
" - form one surface, and eveii-num- 

61. RH KOSTAT — -!> PATn'ERN Ixwcd tinfoils to form an opposiiig 

surfat'c;. 

attery. It was jjointixi out on page 5178 that the 
in 48. capacity of lines varied as their surface, and 

On inversely as tlioir distance from the earth, 

jessary In the condenser artificial circuit, one metallic 
hour.s. surface rej)res(‘iits th(? lino and the other re])re- 
is pro- s«mts the earth, and by reducing thc^ distance 

can Ix^ lM‘tween the surfaces to the smallest practical 

limits, the necessary amount of surface* to providi 
Bineut, a given capacity is surprisingly spiall. 
of the The capacity of an ordinary aerial wire is 
I) about *015 microfarads per mile. 
g r ~ , I j p Two microfarad condensena are maxle, 
liaving dimensions 7J in. by 4 J in. by 
^ |-J 1 in., so that in this small compass w'e 

I l^f] have capacity representing 13.‘1 miles of 

I line. For use in the artificial circuit, the 
1 1 I (condenser must be adjustable, 
i ill ; I The Condenser. Figure 52 show's 
, 1 1 1 i 1 1 1 Hill I ill 1 1 tho inti^nial arrangement of a 7} micro- 
52. CDNDENSER condcnscr, and 68 its ext(‘rior. 

CONNECTIONS ^ terminals. Tho 

parallel lines repivsent layers of tinfoil, 
monic*. and the intervening s})aec8 layers of dielectric, 
ur tins One surface of each section is connected to D, 
rcuits, the n^maining suifaccs being each connected to a 
1 ? page brass segment marked with tho appi’opriate 
value. Any required number of those 
can bo conneetesd to terminal C by in- 
Borting plugs at A or B. It will be observed, 
however, that thoro is a 
break between A and 13. 
This is for the purpo.se of 


allowing w'hat is called a 
relardatioH roil to bo 
insei’tod. 

Th(^ need for this will 
bo seen if we consider the 
simultaneous charging of 
a long line, and the corre- 
,, spending aititicial circuit. 

^ MICROFARAD resistance of the line 

limits the maximum value of the charging current, 
and so lengthens the time necessary for the 
charge to reach its maximum. 

Consider 64, which represents tho artificial 
circuit. R is the rheostat, and R2 and R3 are re- 
tardation coils. The section A of the condenser is 
charged through tho resistance Rl, while section B 
is charged through both Rl and R2. A therefore 


cornjsponds to the near portion of tiie line circuit, 
and B to the more distant porjion. Now if K2 
and R3 were not present to slow down the rate 
of charging the condenserH during the first 

instant of the charging 

})rocess, th<5 current to 
charge the artificial cir- 
cuit would greatly ex(!oed 
t he current charging the 
line circuit, and would 
therefore affect the relay 
in the way we wish to 
avoid. 

Figure 55 is a diagram 
of the complete comiec- 
t-ions of a double current 
duplex. The student 
who has memorised the 
])receding (‘xamples will 
not find this difficult. 

I n the mnemonic system, 
the right-front terminal 
f the key Ijecomc^s *■ 

Nt). 4, the rear-middle 
t.(Tmina! No. 3, and the 


Down UmC on ■ 



54. Aminiifiiifiit of iinitlcial circuit 55. vywiii« 
of liouhlc cunvnt (iiit»lev. 56. rrinciple of i)ii>lcx 
57. — li siiic-^upriuhtiug soumlcr 

left-front may called 0. The suitch termi- 
nals will now read, “split, 3, 2, rhi*ostat, 1, 0.” 

Quadruplex Working. The sueeess ol 
the duplex system led to further efforts to 
enhance the traffic capacity of a single wire, 
and although it had beeirsuggt‘stcd by others 
at an earlier date, it was Edison who 


The increase of current causes, of course, no 
inconvenience U) tlie A set, as the direrium 
of the current is still controlled by the A key. 
Now if we imagine this arrangement modified 
for duplex working by 
using differential relays 
and an artificial circuit, 
we at once jump to the 
conception of the quad- 
ruplex system. 

Diplox Diffiw 
cutties. Such diffi- 
culties as are experienced 
in quadruplex working 
are conne(‘ted with the 
di])lex principle, so it 
will be w^ell to dispose 
of them tirst. 

So far it has lx‘en 
tacitly assumed that 
under all circumstances 
a current, either strong 
or weak, is flowing in 
the line. Consc(pu*ntIy 
key B must be arranged 


so that it makes contai*! with the larger battery 
In-forc breaking with the smaller. For the 
smallest practicable sjiace of time the two ends 
of the larger section of the battery are 
eomieeted by the incu'rnent key. 
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tirst j>rod need a jii'aetieal system, ill 1874. ^ ^ 

TJie main advance upon previrms know- S 

ledg(^ consisted in demising the diplex I ♦— yU *"^^**^* 
system, wliudi enables two messages 
to be sent simultaneously in one 
diivetioii. * 

Diplex Working. 3 bis is aeeoia- 
plished by providing, at tin* recti ving 
end, two relays, one polarised and one 
non-txilarised, connected in seri<‘s to the line, 
wiiilc at the sending end there are two kt'vs 
eoTineeted in series. One of them is a reversing 
key, similar in printiple to the double-eurrenl 
Ivt'y, while the other is an 
increment key. eamth 

It will be kept in mind that 
a polarised relay is affected 
hy the direction of the current. 

3be non-polarised relay is 
iffected by eurrents of sutli- 
(ieiil strt'ugth, irresfx^ctivt? of 
direction, but it is in this 
case specially arranged so 
that it requires a current 
three times as great as that 
used rnirmally for working 
Ihe ])olaris<‘d relay. Figure 56 
illustrates the jniiuiph?. 

The relay A is w orked by tin* 
key A, exactly as in ordinary 


Spark Coil. To prevent the 
s [larking wbieli would ensue owing to 
the hea\y current jiroduced under such 
circumstaiiees, a spark coil of 1(X> ohms 
resistance is inserted l^etw^een the 
]>ositive pole of the battery and the 
inerc iucnt kvy. This removes any 
))o.ssibility of trouble from the vaiiation 

in the strength of the current. 

58. gi APRi PLEX W hen the B key is properly ad- 
<oM>KNSEii jii.Hted, the A signals are good. We 

have still to consider how tlic working of A key 
atteels the B signals. 

As the A key n* verses the direction of the 
current, it is (‘vifhmt that foi- an instant wc havi' 
zero current, and if this(K*cnrs 


ttOWN line 
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59. giIAJ>Rl!l*LKX I'p-OFFUR 
(ON SECTIONS 


double-current working. Only one-third of the 
available battery power is being used, and the 
non-polarisod relay B is unaffeett'd. Immediately 
the key B is depressed, the sti(‘ngtli of 
th(5 current is trebled, and relay B is energised. 


in the middle of a signal on the 
B instruments there is a 
tendency to splitting which 
has to be specially dealt with. - 
Uprighting Sounder. 
A verx' ingenious method for 
overcoming this difficulty w as 
d('vised by Mr. Oerritt Smith, 
and is illustrated in 57, in 
which the non-polarised relay, 
tht^ uprighting sounder, ami 
the reading (ordinaiy) sounder 
are shown. 

It will l)e noticed that the 
relay is arranged so that it nor- 
mally closes the circuit of the 
uprighting soujid(‘r, wbich in turn closes that of 
the reading sounder. In the ordinary case of relay 
and so\inder, considered at page 5067, the sounder 
is not actuated until the relay tongue travels 
o>H*r to the marking stop. In tliis case, how ever, 
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we see that immediately the relay tongue leaves 
the right-hand stop the i-eading sounder is 
atfectecL 

The important fact, however, is that under the 
influence of a signal current the tongue lies on 
the left stop. If any break in that signal occurs, 
unlejis it is so long as to allow the tongue to travel 
back to the right-hand side, no break in tlie signal 
on tlic reading sounder occurs. 

In practice, good working is 
easily attained. 

Condenser B Side. 

Recently, however, it has been 
found possible to disjHuisc^ 
with the uprighting sounder, 
and its battery, by taking 
advantage of the use of a 
condenser | 68]. 

The reading sounder has 

coils of 1,0()0 ohms resistance go. quadhuplkx inctiement 
shuntt'd by a coil of 0,000 
ohms (joint resistance OOO ohms). Its terminals 
are connected to a 2- microfarad condenser. A 
lOO-ohra resistance coil and a half-microfarad 
condenser are joined across the relay contact 
terminals to prevent sparking. It will lx* seen 
that in this device the capacity effects which 
in the line caused trouble aie used 
to good pur])ose. The sounder can 
now be worked directly from t he relay, 
and any small bieaks in the signals 
are bridg(xl over by the discharge from 
the condenser. 

The A key is similar to that shown in 
12, page 4007, but it has no “send and 
receive ” switch, and consc(|ucntly the 
middle - rear terminal provided in a 
double-current key is not needed here. 

Figure CO illustrates the B or increment 
key. The A side relay is of the Post Oflice 
standard form already described on i)age 
5067. On the B side a larger instru- 




meter. The arrangement can, in' fact, be 
symbolised in the ^manner shown in 62. 

The two-way switch between the keys is 
the line and earth switch referred to in the last 
section as being used during the balancing 
process. When turned to the right it cuts off 
the battciy to facilitate adjustment at the dis- 
tant station. At the same time it substitutcMS 
the resistance coil shown con- 
nected to its right terminal. 
Its value is made equal to 
the resistance of the battery 
and spark coil combined. 

Current Values. Tlie 
current strengths required for 
quodruplex woi’king ai:e, for 
the A side, 15 milliamperes. 
and for the B side 45 millj: 
amperes. This gives a ratio 
of three to om^ lK‘twcen the, B 
and A currents, and practice 
has shown this to be the most suitable value. Bi- 
chr(»mate ctdls are used for the main and local 
batteries. For the uprighting sounder and the 
relaying sounder three cells each are used. 
Wh(‘n the uprighting sounder is substituUd by 
the condenser mt‘thod of arranging the B side 
a battery of 111 bichromate ceUs is used 
for the local circuit. 

Although the (piadruplex came l.o 
us from America, much of its present 
good working is due to subsequent 
English improvements, and there are 
now over 5(K) sets at work in the 
l^nitixl Kingdom. 

Manual versus Automatic 
Systems. All of the systems so far 
dtuilt with have been of the manual 
order— limitt'd as to spc(d by the cx- 
pertness with which the operator (^ould, 
l(*ttcr by letter, form the signals. We 
shall now proceed to discuss various 
ment, known as a non-polarised relay 0 | xo.n -polarised w'hich automatic methods of 

C, is used, as shown in 61. The arma- relay r making the signals at high speed are 
tures are placed obliquely Ixtween employed. It should, however, be 



the pole-pieces, and currents in either direction 
tend to attract them against the tension of the 
spiral spring. Each armatinc is divided into 
two sections, which are brazed together. This 
magnetic separation tends to 
rapidity of action. Differential 
winding is employed, and the ter- 
minals are marked in the same 
manner as the Post Office standard 
relay. 

Connections. Figure 59 is a 
diagram of a quadruplex up- 
station, showing all the “connec- 
tions,” as it is usual to call them. 

The student who has given some 
nfllection to the arrangement of 
the duplex will quickly see the 
system followed in arranging 
the quad.” He will see that the cuiTcnt divides 
at the non-polarised relay, and follows in 
8u<Jcession through the A relay and the galvaho- 
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62. A RRA N GEMEX T 1 )F MA K1 n g 
UP QUADRUPLEX STATION 


noted that in the manual system the three 
iqicrations of forming tin* signals, transmitting 
the currents, and transcribing the signals are 
])crfonned simultaneously, whereas, in the 
aut-<imatic syst^ems they must bo 
y)erformed seriatim. These facts 
have exercised a strong influence 
in favour of manual systtmis 
and continue to do so to such an 
(extent that in this country the 
manual sets outnumber the auto- 
matic, so far as the Post Office 
is eoncemtHi, by 25,492 to 585. 

It can easily bo seen that 
where towns separated by, say, 
5(K) miles are concerned, the 
inducement to save the expense 
of additional Unes by using auto- 
matic method8 is considerable, but even the 
longest circuits in the United Kingdom arc 
worked manually. 


CotUinued 
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THE LIFE NOT WORTH LIVING 

The Degradation of the Bee-hive Conception of Society. Is an Ant-hill Worth 
While ? The Supreme End of Society is the Development of Personality 


Group 3 

SOCIOLOGY I 
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By Dr. C. W. SALEEBY 


ai*e now ijuite ready to ac(*ept the doctrine 
of Carlyle: “Man in created to fight; he is 
pornaps Ik's!, of all dcfinabl(‘- as a born soldier ; his 
life ‘ a battle and a manrb,’ under the righ t general. 
It is forever indispensable for a man to light ; 
now with necessity, with barrenness, scarcity, 
with puddles, Ixigs, tangled forests, unkern i>t 
cotton : now" also ■with the hallucinations of his 
petir fellow"-men.” We have seen how% even 
in the spiritual type of society whieii we 
liave imagined, thw born soldicu*, man, will 
have to light with and ultimately command 
Nature ("‘only by obt»ying her ’*), and, still more, 
must ever light against the w'eakn(\sses of his 
ow n nature. 'I’here w"ill be room for the sirldierly 
(qualities until the end of time. 

The Spiritual Type of Society. But 
now w'e must consider from another point of view 
this spiritual type of society, in whii h military 
and (*ven industrial warfare w ill have ceased, and 
rnuvst endeavour to I'xprcKs its eliaract<‘rsin strictly 
sociological terms — tliat is to say, in terms of th«‘ 
relation lu'tween individuals and society. Here 
we can certainly find no better guide tlian 
Professor Holfding. In a recent/ l(‘(•ture to the 
Sociological Society in J..ondon, the great thinker 
of Ctipeniiagen thus expresses the sociological 
ideal (“Sociological Papers,” 1905. Miiemillan) : 

“ Tf the single individual in developing itself 
in its own peculiar way gives the best possible 
contriluition to the whole life of society, and if. 
on the other hand, society is organised in such 
a manner that a free and full d(‘V(‘Iopment is pos- 
sible for all individuals, then we are approaching 
to the ethical idt‘al.” 

In the same great thinker's “Philosophy of 
Religion,” w"hieh is surely the greatest work 
of the greatest- thinker now" alive, we lind the 
sami' ideal well expre.ssed (Englisli Translation, 
Miu:millan, page .‘159) : 

“Self-assertion is no longer exhibited as the 
opposite of love. Foi- magnanimity possesses 
strength oTiough to support not only the indi- 
vidual’s ow’ii life, but also the life of other men. 
And the highest virtue is justice, in which both 
s(‘lf-surrender and self-assertion an* included. 
Th( ideal in a kingdom of personalities, in which 
each individual unfolds his pers(tnalilt/ in such 
a manner tlml in this verg act he helps (dhers to 
unfold their oimi. This eoneeptioii offers free 
scope to all those ethical elements fostered by 
(hristianity which are of lasting value.” The 
italicis are ours. 

The Four Kinds of War. At present, 
observe, even though we hear loss of military 
warfare, -we hear only too much of intenccine 
warfare within the society itself. That famous old 
Hutch writer, Grotius (1583-1645) distinguished 


four kinds oi war — the individual against the 
individual, society against society, society against 
the individual, and the individual against 
society. It is the two latter kinds of which wc 
hear so much to-day, and wc see that in the ideal 
state as pictured by HofTding these have 
vanished. The ideal is only the sociological 
expre.ssi()n of Sp(uiccr's great- discussion of the 
ultimate reconciliation of egoism and altruism. 

We must go back to classical Engltsh, how- 
ever, for the finest expression of our ideal, which 
Spencer and his followc'rs have detailed in these 
siuentitie times. Altering its application, we 
mav' r(*mind ourselves of the fine phrase “ w"hos(* 
service is perfect freedom.” In tlie ideal state 
of society we shall see no more* of any of the four 
kinds of war which Grotius distinguished. Each 
man’s service of his fellows v\ill be compatible 
with bis ow'ii perfect freedom. In a word, the 
social ideal is anarchy — the highei’ anarchy . 
To this we may hope to return. 

The First Fact about Society. Wc 
iiave now discussed war as fully as our 8pa(‘c 
will permit. We have seen in it a means 
which has l)een employed in tin* organisation 
and development of society. Even the wars 
of religion, perhaps, may show to the .seeing eye 
the “soul of good in things evil.’’ We liave 
refuted the popular doctrine* that men decay 
unk*ss they fight, and unless they light with 
list or gun ; hut have admitted that man must 
always struggle or striv'c, and vve have endea- 
voured to point to the* direetJem w-Jiieli the evolu - 
tion of human strife is taking. Now, liaving 
considered the fundamental social institution — 
marriage and the family — and this great factor of 
struggle between and within societies, we must 
turn our attention teT the larger outlines of the 
constitution e>f society, and though we may 
Viegin with far-away biology, we shed I find 
ourselv"es, before long, grappling with the most 
urgent political (piestion of the hour. 

The fundamental fact of wsociology, which con- 
stitutes the differentia of our s(*ience, is that 
society is not an aggregate but an organism — 
not a heap of bricks, hut those bricks built up 
into a building. Thus, the problems of society 
are not simply the problems of the individual 
multiplied by the number of individuals within 
the society. 'I'Tiis is the first fact which we have 
to study in regard to the constitution of society. 
It is fundamental because it is tnie of all societies, 
and is not affected by forms of Government. 
It is true of a democracy or a monarchy, of a 
communistic or ‘•an individualistic state; and 
this study of society as an organism yields \i8 
facts and principles of universal application by 
which we may lx* enabled to judge the relative 
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worth of such varying forms of extomal con- 
stitution. Similarly, for instance, the biologist 
lias to study such marktHily contrasted organisms 
as an oak and a horse ; but though the oxtcrnal 
constitution of the two is so different the 
fundamental fact of the two is the same — the 
iiiterde]>endencc of the unit and the whole. 

St. Paul as a Sociologist. Tlio idea of 
comparing society to a living creature is very 
old and very celebrated ; and the significance of 
the comjiarison has bee.n found to grow with the 
growth of any sound s(X‘iology. If we go back 
even to Socrates, the immortal founder of the 
supreme science of ethics, we find his pupil 
Plato, to whom we owe all that wo know of 
the teaching of Socrates, conceiving of society 
iis an organism. A few centuries later, we 
find St. Paul, w'ho was a philosophical genius 
of the highest order, repeatedly employing tht^ 
image in question. Through the whole of his 
epistles w\' find him comparing the early Christ ian 
Church to a living body, and using the compari- 
son as the basis of many valuable arguments. 
The present writer thinks that sociologists have 
not adequately recognised the place of St. 
Paul in the history of this subject. Wi‘ may 
(juote from the twelfth chapter of the Epistle 
to the Romans a typical instance of St. Paurs 
employment of this figure : “ For as w'o have 
many mom tiers in one body, ami all meniliers 
have not the .same ofliee : so we, being many, 
are one body in Christ, and every one members 
one of another.” 

From the same age and from Rome itself, we 
may quote the classical fable of the rclKdlion of 
the rest of the body against the }>rivileges of 
the stomach : “ Tlicre was a time wdien all the 
bodv's immiliers rcbolUxl against the belly.” 
Shakespeare us(‘s this wfith great skill in 
“ ( 'Oriolanus,” Act i. Scone 1, >vher(^ he makes 
]SIenenius employ this argument against the dis- 
contented citizens, saying. “ Tlie senators of 
Rome are this good bt*ny and you the mutinous 
members,” and contemptuously calling one of 
the complainants who was prominent but con- 
temptible, “ the great toe of this tissembly.” 

In more recent times we have that remarkable 
genius, Hobbes, who wrote the great book “The 
T-fCviathan,” in wdiieh, as the title suggests, 
he compares the State to a huge animal. 

The Social Organism. But it is not 

until the time of Herliert Sfumeor that we find 
this ideal worked out with adequate knowledge. 
For f>ne thing, his predcce.ssors had not knowm 
enough about the structure of individual 
organisms to enable them to make anything 
hut merely general or poetic comparisons. 
When Spencer came to the subject, certain 
gloat facts had lately lx?en discovered, and 
he used them like the consummate genius 
lhat he was. The cell theory had lately been 
jwlvanced. Fortunately, there is no need for 
us to discuss its .meaning here, since the reader 
lias been well prepared by other courses. In 
1850, then, in his first book, “Social Statics,” 
and notably in his great essay on “ The Social 
Organism,” published in 1860, and now to lie 
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found in the first volume of his republished 
e 88 a 3 rs, Spencer introduced that phrase “ the 
social organism ”* — conveniently contrasted with 
the individual organism — which, like so many of 
his ideas and phrases, is now employed every day 
as an instrument of argument and of thought. 

* A society of electrons constitutes an atom, as 
we have lately been studying, a society of atoms 
a molecule, a society of molecules a living cell, 
a society of cells an individual organism, and 
a society of individuals a social organism, 

A Great Man's Great Error. As wc pass 
upward** in this scale, and rcac;h the three living 
units which constitute its last three tenns, we 
find illustrated more and more abundantly that 
great principle which Milne-Edwards, the French 
student, called the “ physiological division of 
labour ” — the differentiation of function and of 
structure, so that- the part becomes not merdiy 
or not at all an end in itself, but merely a servant 
of the whole. We have seen how' completely 
this was recogni.sed by St. Paul, and in the 
Roman fable, os tnie of the individual organism 
and of tlie social organism. We now' know' that 
it is absolutely true of the cells— with nucleus, 
eentrosome, and so on — which constitute tlu^ 
units of all individual organisms ; and if W'o 
recognise the family ns the unit of all higher 
societies, we can recognise the* physiological 
division of labour in it also, only it is now 
more than physiological and has become socio- 
logical : the mother has one function and the 
father another. 

Only very briefly here need we consider the 
working out of the last and most important part 
of our analogy — the analogy expressed by HoblM‘s, 
though w'ith many fundamental errors, when 
he s|s*aks of “ the great leviathan called a 
Commonwealth or State, in Batin civilas^ 
which is but an artifi(;ial man.” Tl\(; la«t word 
in the whoh^ world that is tnio here is the 
word artificial. Both Plato and Hoblx^s fell 
into this fundamental error — that societies are 
artificial structures “ to be consciously jnit 
together by men, just as a watch might be.” 

Societies are Natural and Inevitable. 

As Spencer points out, they tliought that “ what 
is in its nature an organism is in its history a 
machine ! ” We sec exactly the immeasurable 
difference Ixdween Spencer’s conception— the 
conception of the author of the idea of mUurcU. 
evolution — and that, of liis predecessors when 
W'e discover that Hobbes “ even goes so far ns t(» 
compare the supposed social contract, from which 
a society suddenly originates, to the creation of 
a man by the Divine fiat.” We now know that 
man w'as not so creattxl — nor. any societies. We 
utterly reject the hypothesis of manufacture in 
both cases, and we believe it to be true of man 
as well as societies that “constitutions are not 
made but grow.” Furthermore, tlie growth of 
societies is as inevitable a consequence of the 
law's of Nature — which, as we must never forget, 
include the laws of human nature — os is the 
growth of individual organisms. In Spencer’s 
words ; “ While each citizen bos lx;en pursuing 
his individual welfare, and none taking thought 



SOCfOLCMIY 


about division of labour, or conscious of the 
need of it, division of labour haer yet been ever 
iM'coming more complete. . . By steps so 

small that year after year the industrial arrange- 
nionts have seemed just what they were l)efore — 
by changes as insensible as those through which 
a seed i>asseH into a tree — society has become 
tlic complex body of mutually-dependont workers 
which we now see. And this economic organisa- 
tion, mark, is the all-essential organisation. 
Through the combination thus spontaneously 
('volveS, every citizen is supplied with daily 
necessaries ; while ho yields some product or aid 
to others. That we arc s(‘vcrally alive to-day, 
we owe to the regular working of tliis combina- 
tion during the past week ; and could it be 
suddenly abolished, multitudes would lie dea^l 
liefrre another week ended.” 

Individuals and Societies. We need 
uoi now concern ourselves with the comparisons 
of tIoblK‘H, some of which arc very good and 
some very had. Nothing could lie worse 
than his eoinparison of flic sovereignty to 
“an artificial soul as giving life and motion 
to the whole body.” (.)n the other hand, this 
is good: “ Couueillors, by Avhoni all things 
MciKlful for it to know are suggeste<l unto it, 
art! the memory. . . . (-oncord, li<?alth : 

sedition, siekni'Hs ; and civil war, death.” 

In the light of modern knowlodgt' we may 
venture to quote our own comparisons: “The 
govt'rning mechanism of a stx'iety coirt^s ponding 
to the nervous system ; the manufaeturers to 
the glands, {K'rmanent offieials to th(‘ bones, 
traders to th<' circulatory apparatus, soldiers and 
scaveng(*r,s to tlie white blood cells — and so on.’* 

But now wt* comt* to tliat wbieb gives 
the wliole analogy its value — that for which 
we are lastingly indebted to Sfamcer. His 
summary of the 'points of resembhnivv. between 
the individual organism and th<‘ swial organism 
is well worthy of <(uotation, esjfiecially as it 
<*an only Ix! obtained in a* very ex^X'nsive 
volume. Wo give it here; and then we would 
ask the reader, befort' proceeding any further, 
to see whether lu! cannot anticipate for 
himself the eipially important i|ncstion of the 
points of difference. 

Herbert Spencer’s Comparisons. The 

points of similarity between societies and in- 
dividual organisms are these : 

1. “That, commencing tis small aggregations, 
they insfinsibly augment in mass, some of them 
eventually reaching ten thousand times wliat 
tliey originally wwe. 

2. “ That, while at first so simple in stnicture 
as to lie considered atructimdess, they assume 
in the course of their gi’owth a continually 
inorenxing complexity of structure. 

3. “ That, though in tlicir early, undeveloped 
states there exists in them scarcely any mutual 
dtqiendenco of parts, their parts gradually 
acquire a mutual dependence which btH!omeH 
at last so great that the activity and life of each 
part is made possible only by the activity and 
life ot the rest. 

society is indo)X!ndent 

. and far more prolonged than, the lives 


of my of its component units, who are s<^*verally 
born, grow, work, reproduce, and die, while the 
body- politic composed of them survives genera- 
tion after generation, increasing in mass, in 
compleUmess of structure, and in functional 
activity.” 

The Difference between Individuals 
and Societies. Tt is to Ix^ hoped that the 
reader has anticipated what we are a'boiit 
to say. At a certain point the analogy Ijetwei'n 
the individual organism and the social organism 
bri'aks down utterly, and the value of tbi! 
analogy lies in its demonstration of the point 
of difference. TlieTe are other points of 
dilTcrence discussed by Spencer, but they 
are relatively trivial ; there is only one 
which is vital. We recognise it directly wc 
ask ourselves the emd or object in either cast*. 
The object of the individual organism is its (tvm 
life. Ixjt the reader take his own case. All 
the cells and parts of his hotly have no meaning, 
jmrposp, or value as ends in themselves ; they 
are means merely to one end — his life. He 
cares nothing for any part of his body except as 
it ministers to his well-lx^ing. “ In wasliing my 
hands I write an indistinguished finis below the 
history of millions of my cutaneous cells ; yet 
I never waste another thought on them. I prefer 
my hands clean, and there’s an end on‘t.” We 
may turn again to the Hible for the supreme 
c^xpression of this trutli — the truth that no part 
of the body is of any wortli or m(*aning except 
as it serves the S(‘lf : “If thy hand or foot offend 
thee, eut them off and east them from thee. . . 

And if thim* eye offend thee, pluck it out and 
cast it from thee.” Tlie hand, the foot, the eye 
have no claims on tlicir own account, and may 
be flestroytxi — nay» must Ix^ destroyed — if they 
do not serve their ouricT. 

Society has no Self. And here is 
where the analogy breaks dowTi. Wt* know 
what we mean by the welfare of the self, 
but what do we mean liy the welfare of 
tin* State or body-politic ? Society or the State 
ha>s no Self. Says Spencer : “It is w'ell that the 
lives of all parts of an animal sliould be mergtxl 
in the life of the whole, because the w'hole has a 
tjorporate consciousness capable of happint*ss or 
mi.sery. But it is not so with a society, since 
its living units do not and cannot lost* individual 
consciousness, and ’since tht* community as 
a Avhole has no corporate consciousness. Tliis 
is an everlasting reason wliy the welfares of 
citizens cannot rightly be sacrificed to some 
supposed benefit of the State, and why, on the 
other hand, the State is to be maintained solely 
for the benefit of citizens. The corporate life 
must here be subservient to the lives of the parts 
instead of the lives of the parts being subservient 
to tlie corporate life. 

This conclusion of Sjiencer’s is absolutely in 
ac'cord with the tine expn^ssion of the social ideal 
which we lately cpiott*d from Professor Hoffding. 
That ideal fully recognises that the welfare of the 
State, unless it mean the welfare of its individual 
citizens, is nothing. “ Only in the consciousness 
of individuals can the value of life be expt‘ri- 
onced.” Life is personal or nothing — ^Iniman 
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life, that is to say. A fow chapters ago we alluded 
to a contrast which will serve us hero. 

Man and the Beehive. In our brief 
attempt to (jover an infinite subject we have been 
able merely to allude to that department of it 
which we may call Comparative Sociology. This 
study is only in its infancy, even though a good 
deal of attention has lately Ix'en j^aid to the 
societies of the social insects. Yet even alrea^ly, 
as it seems to the present writer, we may learn 
a lesson from the In'chive. 

In this ease the evolution of society has 
taken a course of its own. Life is no longer 
[personal life, but communal life. In the 
iR^eliive the individual unit is of no importance 
as an end in itvsclf, and the same is tine 
in the ant*]iill. Neither of these institutions 
Avill give anything for our dcjctihie that “ only 
in the consciousness of iiulividuals can the value 
of life bo experienced.” The beehive doc;s not 
care a straw' for tlu? consciousness* of individuals. 
"J'he individual worker or drone is of just the same 
importance to it as a coll of your skin is to you. 
\Vlien the cell has done its work you wash it oil 
and east it to the drains. Similarly, when the 
individual of the beehive has outlived its use- 
fulness, it is quietly made away with, just as 
savage tribes make away with their old people. 
The l>eohive shows us the analogy Ix'tween the 
individual and tlu' social organism carried out to 
the uttermost. The w'olfare of the individual is 
naught here as compared with the welfare of 
the State. The analogy that breaks down so 
signally in the ease of liunian society holds liere 
all along the line, and Spencer’s “ everlasting 
reason " is null and void. 

Beyond a doubt, the consequence of the 
subordination of the individual to the society 
achieves the end for whicli it is compjissed, ami 
there can bo little doubt that the same wouUl 
be true in human society. In coming yeai-s, it 
seems, w’e shall be making the oxfieriment, as 
if tlic whole of the history of life, including 
the life of the l)ec, did not already include a 
record of this experiment. 

Lrife at the Level of the Ant-heap. 
In general, life obtains what it strives for. 
In this case the object is the security and 
stability of the society. To this object the 
individual is rutlilossly sacrificed, and this object 
is attained. The ant-hill and the Ix'chive arc 
typical instances of social .stability and efficiency. 
They can hold their own against other societies, 
and they have persisted for millions and millions 
of year.s. Bees and ants, be it rememlwred, are 
not even vertebrates; they are mere and 
bad their origin before even tlie earliest fishes, 
and they thrive to-day. 

But what is it ail worth ? The wliole existence 
of such a society, where the individual is nothing, 
is itself nothing. What is lost if the ant-heap 
bo dc.stroycd ? Simply an ant-heap — simply a 
living macliino which had sacrificed ever>dhing 
else, everything that makes life worth living, 
to the mere maintenance of a life that was not 
worth living. No more horrible ju’ospect can 
be conceived for human society than its degrada- 


tion to the level of the ant-heap or the beehive — 
a level which, despite its beauty of organisation 
and its success, we will yet call degraded. 
Estimate it in terms of worth, estimate it in 
terms of ethics, in terms of consciousness, and 
it is naught. It is merely an animated machine 
which has sacrificed to life all that makes life 
worth living. 

The Worth of the Individual. Yet, 
again, what do we find in the society which 
luis completely carried out the analogy btd-wetm 
the individual and the social organisms, in 
which the individual is not an end in itself 
anymore tlian the coll of the reader’s epidermis ia 
an end in itself ? If such a slate of things w'cro 
to lead to something higher, then, though w^e 
might deplore it as an end, w(^ should W'elcome 
it as a means to the high<*r end. What, tlien, 
is the condition of such a H<x*ii*ty in relation to 
progress ? The unswei' is tljat the constitution 
of such a society involves the utter destruction 
of all the factors of progi'css. In such a society 
there is no ]>lace for individuality, character, 
or genius. It will bum or hang or poison its 
genius as surely as the Athenians poisoned 
Socratt'H, and it will never advance an inch. 
Su(;h a so(aety lives only in name ; it is a clever 
and <‘lYicient machine, but it is as (essentially 
and spiritually dead as the engine of a motor- 
ear. Men and women, living })ersonalitios such 
as ourselves, can pronounce no other verdict 
upon it. Life is either a matter of j)ersonality 
or a stage tow ards the development of personality 
— or else it is mere “ xmtrefaetion of the dust”: 

“ A tale 

Told by an idiot, full of sound and fury. 

Signifying nothing.” 

Society is More Than an Efficient 
Machine. '^Plio society, tlien, in w'hioh the 
welfare of the individual is no end in itself, in 
which individuality and pt^rsonalitv are criminal 
nuisances, such a society may bt> as etlicient as 
a lx?ehive anti aw persistent as the insc'cts; 
but it has said to itself, “ 1’hus far ajid no 
further,*’ and it is as dead aw any steam- 
( tigine. Worse, indeetl, is its state, for there 
is no spectacle so lamentable as that of life, 
whether insect life or liuman life, which haw 
thrown away tlie substance for the shadow 
— the society w^licrcin men and women toil for 
that which is not brejid merely in order that 
the s»x*ial organism may be an eflieient machine, 
military or industrial. 

It now remains for us to ask ourselv^cjs 
the conditions under w’hioh we may hope to 
realise the ideal expressed by Hdffding. Tlie 
lioehive and the ant-heap show us the perfect 
fulfilment of the first half of that ideal. “ The 
single individual, in developing itself in its own 
peculiar way [cf. the unsexed worker- liee], 
gives the l>est possible contribution to the 
whole life of society.” But the other half of 
the ideal, the consecration of the “ whole life 
of society ” to the worthy, full and free develop- 
ment of each individual — this has been made 
for ever impo.ssible. 

How is it to be made possible for us ? 


Continued 
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PRINTING 

The Linotype and Monotype Machines. How they Cast 

3 

and Set Up Type. The Furniture of the Composing-room 
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By W. S. MURPHY 


1^LJRIN(J the hitkT half of the nineteenth 
^ oontur}', when maehlnerv was revolutionising 
tratlcH fomiorly eonsidered impregnable to the 
cunning of tho inventor, the eom posit or, setuin^ 
in the Ixilief that typ<‘-s(‘iting nupiired a eombin- 
.itioii of hand and eye, foresight and judgment 
only possible to the human brain, viow(*d th(^ 
efforts of meehanies to invade his province with 
{•nused indifference. Invent a machine that 
can think, and you will 
make a mechanical com- 
positor, said the printing 
trade to the inventor, 
little thinking that tho 
i‘ h a 1 1 e n g o would l>e 
acecptecL 

The Linotype. In 

tlie year IBSfi news came 
from America that tfu' 
problem of meehaiiieal 
type-setting had Ikmu 
solved, and, in 1880, a i 

Ijinotypc machine was ; 

brought over to this 
eountiy and sot to work. 

Though not the i>orfoctod / 

machine now oiK'rating / ; 
in newspaper and book 
offices all over the count r y 
this early s]Xicimc*n 
deinonst rated t hat t hi' 
main problems had Imm*ii 
solved, and that tin? 
mechanical com posit or 

was an accomplished fact . . . > 

Like nearly over y 
mechanical invention of 
importance, the Linotyjx' 
composing machine (101 

is a growth, a combination, and an adaptation of 
deviws picviously existing. At the front of the 
machine is a keyboard, borrowed from the piano- 
keys, applied early by tyjie-setting inventors and 
brought into practical use 
. by the typewriter, and at 

Ml ly' ft what is 

Jl actually a type-founding 

ly I machine, while id the middle 

^ I are the matrices and matrix 

^ eliaimels variously developed 

if li 1 14). '^Ihe makers of tho 

B Linotyjie thus describe its 

^ *1 C‘\ olution : “ First in order 

fipl matrix machine's, 

designed to punch letters 
one after another in lead 
11. LINOTYPE papior-maohe, and thus 

MATRIX produce a page or column 

a. Tiftter-ilio b. Grooves matrix, from which to east 


a stereoty[K‘ at a auhsef|uent operation. Nt‘xt 
came nuudiines in which a nurnlMi* of dies 
were, composed in a line, tlu^ line justified, and 
the entire lino then impressed at one 0 [)tTation in 
some matrix material. During the development 
of the matrix machine the revolutionary sti'p 
was taken of easting from tlu' macliine-ina<l(‘ 
matrices indcfiendent type lines, or slugs, now' 
known the world over as ‘Linotype.’ Last, 
the t^^'WTiter keybf)ard 
was ap])lie<l, and the 
machine completed.” 

What the Machine 
does. Tlio mind of the 
hand compositor is oc< u- 
pied with reading the 
( opy, selecting the lettius. 
placing them in the 
setting-stick, spacing ou^ 
lines, and justifjnng. 
Now let us sec what this 
intelligent machine does. 
Tho Linotyi>c is not yet 
able to read copy or spell 
words ; but it selects the 
matrices, places them in 
line, spaces out, and justi 
ties correctly. 

Complex as the Lino- 
type machine is, it is not 
difficult to iindcTstaiid. 
Ix'caiise every pari acts 
directly. The keubrnn'd, 
D (14]. has 9k type keys 
and a space key, J. The 
o|)crator has set his copy 
in the holder, and taken 
a phrase into his mind. 
L M VC HIM. He taps letter after lettci 

on the keyboard till a word is spelt out, then 
touches tlie space kc*v. and on to the letters 
again. At every click of tho keys there is the 
clink and slide of brass, and yellow' metal flashes 
along the endless lx)lt, F. running at a slant above 
tho keyboard. Tho 

Mt extends undiT _ 

a series of vertical . . „ . 
channels, K, short 

left, and above ^ 

a broad, fiat box, 
almost triangular ni 

Ar^Hvith^Thebox 

lie long grooves 

('ontuining wingcxl 12. DisruiBicnoN ov 
plates of brass ; mai’RICEs 


10. i.iNoTYFK mvc'him: 


27 
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these are the matrices. In the vertical edge of 
the little plate a die of a letter is deeply cut 
[11a]; the triangular cut in the head is 
grooved [116], and the proportions of the 
grooves in every matrix are 
different. The motion of the 
key rods, release's B, the 
check escapement of the ma- 
trices, letting the proper matrix 
drop down the channel below, 
and on to the flying Wt, which 
bears it to the assembling block, 

G, at the side. The space 
wedges, I, come from a box, H, 
through a channel of their 
own, but in ol)ediencc to a 
similar call, and slip between 
the words. 

The Moulding of the 
Type* Tliough scarcely full, 
the line will not hold another 
word or syllable. But the 
ojKjrator docs not pause to 
justify ; he merely presst^s do\Mi 
a handle on the right of tlie 
keyboard, and lx?gins another 
line, and the neglected line moves on to the 
face of the mould- wheel, K, where the wedge- 
like spaces are driven up to fill out the line [13]. 
The mould-wheel carries a mould in which a slot 
is cut, the exact breadth and depth of the type, and 
on to this the matrices 
clamp, forming a complete 
mould. Behind the wheel 
is the metal-pot, M, con- 
taining type metal, kept in 
a liquid state hy a gas 
burner, with an automatic 
plunger pump. Wien 
the mould- wheel has got 
into position, the metal - 
pot comes forward and t he 
spring plunger jerks 
a jet of metal into the 
mould, casting the 
line of type. This 
done, the mould- 
wheel turns round 
and sets the line on 
end, level with the 
trimming knives. 

From lichind comes 
a pushing blade that 
drives out the line 
into a little galley in 
front of the mach ine. 

While all this has 
been going on our 
operator has lieoii 
sotting another line, 
and before it is com- 
plete, the mould- 

wheel is waiting to begin another round, 
older engineers could not trust their contrivances 
to do more than purely mechanical work 
under constant supervision, but here one act 
brings on another, and even impetus is taken 
advantage of with cunning skill. Take, for 
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example, that slanted belt and the matrix 
channels lengthening from right to left. The 
assembling block is at the left side, and if not 
otherwise guarded against, the matrices on the 
right side of the machine would 
have to travel more than double 
the distance of those on the left. 
Note, however, that the chan- 
nels on the left are nearly os 
long as the breadth of the 
magazine, while ihose at the 
right side are shorter. The 
comparative brevity of the 
channel, and the speed of the 
fljdng carrier belt, enables 
the most distant matrix to 
arrive at the assembling block' 
in the same time as the nearest. 
Say capital X is at the far sidfe, 
and small ‘‘c is just above the 
assembling block. X has to 
drop doivn its short channel 
and fly along the belt, while “ e 
has only to drop down its long 
channel ; but no matter how 
quickly you strike “e” after 
X, the X will get there first. 

Distributing by Machinery. Wlien 
a line is cast^ the matrices must be distributed, 
or cleared out of the way, and here again the 
automaton acts without direction. The used 
matrices are lifted up to 
the top of the machine by 
means of an elevator, R 
and given into the grip of 
a distributing bar, T, fixed 
over the mouths of the 
matrix channels [12] of the 
magazine. Along this bar 
the matrices are moved by 
means of throe endless 
screws, and, the bar being 
cut into wards corre- 
sponding to the grooves 
in each matrix, each 
drops into its proper 
channel. The arrows 
and dotted lines in the 
diagram indicate the 
course followed by the 
matrices. 

To get- the most out 
of a machine so finely 
adjusted, the oper- 
ator should not 
merely learn hiskey- 
boardL, but should 
make himself 
quainted with all its 
parts, so as to feel the 
least hitch and 

remedy it at once, 
that even the 

smallest correction involves tho resetting 

of a line, and an “ out ” may call for 
setting a whole paragraph over again. The 

machine has great advantages and small dis- 
advantages, and the latter can be minimised by 


14. DIAOKAMMATIC VIEW OF LINOTYPE MACHINE 

The Ho must also keep in mind 
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(•aroful workmanHliip. An average Linotype 
operator i& able to produce os *much as live 
h^d compositors, but an expert will easily 
double thatsj^ed. The illustrations 10-14 have 
Ijeen supplied by the Linotype and Machinery, 
Ltd. 

The Monotype* The Monotype is another 
triumphant combination of — 

modem mechanical ideas. 

The typewriter, the pneu- 
matic tul>e, the telegraphic 
ribbon, the cone drum, the 
Jtioquard wca\dng appar- 
atus, and several other new 
i(lea8 have been utilised by , 

the inventor of the Mono- 
type. Properly spt‘aking, it 
\'h not one, but tvio ma- 
ctiines, the one with the 
keyboard producing the 
record [15], and the other 
casting the type [16], Tlie 
keyboard is of vast extent, 
having no fewer than 257 ^ 

keys, thirty being space 
regulators, 225 for lottc^rs, 
spaces, and signs, and the *. 
other two for justifying : 
scale and reversing actions. 

At the back of the board is ... 

a ribbon of paper, rolling 
oiff one siX)ol on to another, and, unseen U^low, 
rest .*11 punches. A pneumatic pump drives air 
into the koybank at a pressure of 15 lb. to the 
square inch. Those arc the tools of our machine, 
and now see how they work. 

Punching the Ribbon* When a key 
is depressed, it 
rek^ases the cur- 
rent of air, which 
drives one or t\v() 
j>unches into the 
ribbon, as the ('a so 
may bo. Every 
key releases a 
different pneu- 
matic combin- 
ation of punches, 
making different 
patterns on the 
ribbon, trans- 
lating the copy 
into a perforated 
record, similar to 
the telograpbio 
tapeorthephono- 
tn’aphic cylinder. 

The spacing and 
justifying ar- 
i*angcmont is in- 
genious. When 

the lino is set, or monotype < 

rather punched, to within four ems of the end, a 
oou rmgs, and os the operator puts in the last letter 
touches a green key 
^wheates two numbers on the justifying 
Obediently ho presses these, and 
mteUigont machine, having previously kept 


15. MONOTYPE (X>MPOSlNli A1A( HIVE 



16. MONOTYPE CASTlNd MA( IlINK 


count of the nutul>er of spaces in the line, 
proceeds to make a record on the paper whicli 
will give exactly the proper addition in thick- 
ness to each space. 

Casting and Moulding. The spool 
with the riblxin record is now taken to the 
casting machine, which looks very complex, 
but is in reality simplicity 
itself, the machine really 
bfung three put in one. 
First, there is the casting 
machine proper, with its pot 
of molten metal and forcing- 
pump and valve, set below 
the mould holder. Secondly, 
the die case ready to direct 
the matrices on to the mould 
as required. And thirdly, 

. pneumatic apparatus that 
directs the sotting of the die 
on the mould, under the 
direction of the ix^rf orated 
]Kii)er or ribbon record. 
Xf)w wo can follow the 
whole action. The per- 
forated tape moves forward 
y one marginal |)crforation 
under the air-pressure baj-, 
releasing the air to propel 

MA( iiiN-E mechanism of the 

case, and placing the matrix 
[17] required into its proper position to the 
mould ; the matrix-case [18] adjusts itself to 
the mould, to the top of which the matrix is 
clamped ; the force-pump injects the molUm metal 
and the tjqw is cast ; the matrix-case lifts itself 
from the mould, and the carrier lx?ars the type 

into a channel, 
Avhero the line 
builds itself up. 
At the end of the 
lino the casting 
oiieratioii and 
t y[x?-pushcr sto^fs 
and the galley 
gate lifts to per- 
mit of tbo lin(^ 
being auto- 
matically puslied 
into its place on 
the. galley. 

, Whilst one type 

is being delivercxl 
j into the channel 
another is being 
cju5t in the mould, 
hence the rapidity 
of the whole 
operation. 

So long as type- 
Froitt vtiw metal and per- 

lSTINCI MA( IlINK ^ 

lorated paper are 

supplied to the machine the production and 
composition of typo continues unchockod. The 
illustrations 15-18 have been supplied by the 
Lanston Monotjrpo Ckirporation, Ltd. 

On the relative merits of these two thought- 
savmg machines it is not our province to give an 
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opinion. The Linotyp<^ is probably the handier 
and better suited for newspaix*!' work ; the 
Monotype is the more mobile, and presents a 
larger range of letters at one time, ^lovable, 
type has its advantages, but the solid line is 
more easily handled. Looking at them both, 
the wonder in our minds takes the form of 


the inquiry. 
What next ? 
Tlie transition 
from the 
monotype re- 
cord to the 
phonographic 
record is very 
small. Will 



any genius 17. monotype matrix 

make the (.Much 


bridge, and change spoken w ords into solid type ? 
A JLooK Round the Composing-room. 

It must not be understood that a composing- 
room is only a place for setting ty}^, and wholly 
furnished with composing frames. Set at 
places convenient for the business, stand tall 
frames called racks, holding as many as thirty- 
five cases in them. These cases are tilled with 


various kinds and sizes of typo, some holding 
large sizes, some small type rarely used, ami 
others fancy types of all sorts and sizes. We 
liavc mentioned the leads, the slips of metal 
which the hand compositor uses to make space 
Ijetw't'on the lines of type ; there is a rack 
containing nothing but eases of leads, ranged 
betwc»en slips of wood in sizes fj'om four-ems up 
to sixty. When the compositor needs loads, he 
goes to this rack, draws out the case eontaining 
the size he wants, and lifts out a handful. 

The Brass Rules. Jn many oflFiee^, 
there is another set of eases most important to 
the compositor. These are what they call the 
hrass-rvle cases. Here, in neat boxes, exactly 
fitted to the varying and graded lengths of th<^ 
mles, lie the slips of brass that print the column 
lines, cross-lines and other sorts of lines, needed 
in tables, or matter that requires marks of 
separation between one part and another. 
One case holds the thin brasses — eight -to-pica, 
as they are named — and on the side the lengtl) 
of each is engraved, usually running from two- 
em up to 40. The next case holds thicker 
brass mles, six-to-pica. Another is full of what 
arc called fancy brasses, thick and thin, long 
and sliort, waved, starred, double, triple, and 
variously designed, for ornament. Then, in all 
newspaper and most otlier offices, there are what 
they call column rules, generally two- to- pica, but 
graduated to a thin line on the face. To produce 
the heavy black lines in obituary notices the 
column rules are just turned bottoms upward. 

The Furniture. Borders, fancy dashes, 
and other ornaments belong to the jobbing 
dei)artment, and we shall sec them when that 
department is entered. But there are many 
things yet to lx* seen in the composing-room, 
necessary to all printers. The spaces lx*tween 
pages, blank pages in books, and large breaks 
in Ixjtween one piece of type and another, are 


all tilled in with what is called furniture. Fur- 
niture is made of.w’ood and metal. Look at a 
ease of metal furniture first. It is made up to 
pica both in length and thickness, and begins 
at four-em broad by one-em thick. Next are 
the tw^o-em thick, and these seem like two 
pieces cast together ; the three-em have holes 
in the middle, and the four-em are made 
hollow squares. This principle is followed in 
all sizes of metal furniture, for obvious reasons 
of economy and to render the weight of metal 
os light as possible. Excepting the smaller 
sizes, every l>readth of furniture mns up to 
eight-ems thick, and a solid bar of lead 15 in. 
long by about ‘2 in. thick would be rather 
difficult to handle. Wood furniture is made 
of seasoned oak and supplied in lengths which 
the jwinter can cut up to suit himself, the thick- 
ness Ix'ing graded in the same way as the metdl 
i’urnitiire. Metal furniture is more liable to 
break in use, but is more rigid, and better 
suited for small spaces. 

Galley and Forme Racks. Round 
the room there are numerous other racks and 
stands. This tall, narrow frame is a galley rack, 
and into it are slipped the galleys full of type 
awaiting making up into pages, author’s cor- 
r(*ctions, or sometimes a dilatory compositor’s 
eoiTecting. Beside it stands the galley press, 
an iron stand like a long, narrow table, railed 
on both sides w ith a heavy iron roller covered 
with felt resting on the rails. The galley 
bo proofed is laid on the table, rolled with ink, 
covered w ith a slip of pajx'r^ and run over with 
the lieavy roller, the result lx>ing a slip galley proof. 



18. MONOTYPE MATRIX MOULD 
Then there are forme racks, bolding in vortical 
position sets of pages of type lock^ firmly in 
iron frames technically called chases ; racks 
for keeping in good order the iron chase frames 
themselves ; long tables covered with type, some 
of it tied up for keeping, some of it awaiting 
distribution ; and, most conspicuous of all, 
the large, heavy tables, iron-topjwd, called 
imposing stones, the uses of which we describe at 
length on a later page. 


Continued 
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A SHORT DICTIONARY OF TERMS USED IN PRINTING 


AOOBNT0-~Aocontod lettorg. 

Ads,— Advertisementa. 

ADron-Fl*p of p»i»er ^ted on matrix. 
Ascending Lettors Letters with heads 
^^tendlns Above body, as b, d, t. h. 


BAOK MAflQIN-*-Iimer edge of page. 

Bank— Bench fur sheets of hand press. 

Bastard Fount— Type with body out of 
proportion tt* (ace. 

Bastard Tit lo— Abbreviated tltlo-pogo. 

Beard— Space on body of type allowed 
for aseendiim and dtsceuding letters ; 
also called shoulders. 

Bearer ~ I'ype-hlgh metal, used to 
modify Impression. 

Bed— Typc-carriago. 

Bevel— SIoi>ed edgoof 8 f ereotyi>e plate. 

Bill— A poster. 

Bind— Obstruction of typo In locklng-up. 

Blanket— Impression pad of wool, felt, 
•or rubber. 

Blocks— Mounted plates, or woodcuts. 

Board— Flat piece of wood fur holding 
type. 

Bodkin— An awl used In correcting. 

Body— Shank of a letter ; page without 
headlines, folios, or footniites ; book, 
without pi'cface, title>page. 

Bourgeois— Size of type 0 points). 

Boses— Divisions of type-case. 

Brace— Sign of inclusion, coupling. 

Brass Rules— SlixMs of brass us^ for 
print4ng lines. 

Break— End of a paragraph. 

Brevier— Size of type (8 pf ints). 

Brilliant— Size of typo (3 i*oluU). 

CAP*— Capital letur. 

Case— ShalK w wooden tray divided Into 
oompartmeuts for holding loose typo. 

Cast— Moulded metal, type or plate. 

Cast Blackening of sheet at second 
impression by cylinder or tympon 
fouled by ink from first printing. 

Casting-box— Iron box, fonuing, with 
the matrix, the mould of typo or 
stereotype idate. 

Cast-off— Calculating length of MS. 

Cateh-line— Words at head of galley 
denoting contents. 

Chase— Iron frame in which typo is 
locked.- , 

Clicker— Workman who distributes 
copy and makes up pages or columns. 

Clump— J'yx)e-high metal, jmt round 
pages to bo 8 tereoty]ied. 

Coffin— Typo • carriage of press or 
machine. 

Copy— Manuscript. 

Cuts— Woodcuts, or illustrations. 

Cylinder— Horizontal roller on print- 
ing machine. 


DB80KNDINQ LBTTCRB-Lcttors 

with tails below the body, as g, p, q, y. 
Dls.— Type ready for distributing back 
into cose. 

Dressing— Placing forme on machine, 
and preparing cylinder. 


ILBOTIIO— Electrotype plate of pagi 
or picture. 

Em-quad— Space the square of deptl 
of type body 

English— Size of typo (14 points). 
En-quad-Half of om. 


FACE- The letter on the type. 
Footstick— Half-wedge put at bottoz 
of type in chase, for lock-up. 
Fore-edge— Outer margin of page. 
Forme— Type locked in chase ; speolall 
applied to groups of i»ages. 

Fraine— Wooden or iron stnioture hoh' 
mgtype-uaaes. forming bench for case 
In use. 

*®Ark on printed sheet. 
Frisket — Paper-covered frame, wit 
opening cut to size of type ; folded o 
protect the sheet, 
wooden blocks fc 
pfljf^^^ffbctween pages. 

F long— Subslanoe of stereotype matrli 


QALLBV— Tiny for holding typo when 
it is set. 

Galley Press— Press for proofing typo 
on galley. 

Galley Proof— Slip printed from galley. 

Gem-^lze of typo, (4 points). 

Great Primer— Size of type(18polats)w 

Gripper— Bar set on cylinder to take on 
sheets. 

Gutter— Space botw-een pages in forme. 

HAIR 8PA0S— Thinnest of spaces, 
oiglit to the em. 

Hand Roller— Ink roller of luind press. 

Hoe— A rotary printing machine. 

Hot Plate— Stearndicated plate for dry- 
ing stereo matrix. 

IMF08INQ STONE— Table on which 
set type is prepared for jirlnting or 
stereotyping 

Imposing Schemes— Method of placing 
pages 80 that they will print in order. 

Impression— Stamp of type on paper. 

Impression Cylinder— Cylinder carry- 
ing and impressing the sheet, on type. 

Imprint— Name and address of printer. 

Indent— Space shortening first line of 
paragraph. 

Inferiors — Index figures or lettci*}*, 
smaller tlian typo b^y, ranging witli 
bottom of letters. 

Inner Forme— Set of pages containing 
tlie second and second last pages of a 
sheet. 

Italic — Slnpirifi like thin. 

Inset— Supplementary matter. 

Inverted Commas— Quotation marks. 

JOB— Any work not a book orpamphlet. 

Jobbing— Doing odd work; oommercial 
printing ; small jobs. 

Justify— spacing out the line; setting 
different sizes of type to each other, 

KIES— Rollers coming into contact 

Knoeklng-up— Making sheets lie evenly 
over eaeli other. 

IJIY OF CASE— Arrangement of tyi>c 
in case. 

Leads— Load slips used for putting 
spaces l>etweeu lines. 

Linotype — ^'rype-setting machine, pro- 
ducing solid lines. 

Lockina-up— W'edging typo In chase. 

Long' Primer— Size of type (lo i>oinU). 

Lower-case— i^niall letters of thealpiia- 
Iwt ; the case used for the Hiiiall Jetteris. 

Lye — A type-cleansing liquid, usually 
mode of potash. 

ME.— Author’s copy. 

Make Even— Finishing copy at end of 
line 

Make-up— Putting typo together Into 
pages or size of job. 

Making Ready— Preparing tympau or 
impression cylinder for printing. 

Matrix— Mould of type or plate. 

Measure— Length of lino, expressed in 
emf t^»f pica 

Minion— eize of type (7 points). 

Minnlkln— Size of type iH points). 

Modern— Plain Roman type. 

Monk- Black spot on sheet, caused by 
iiikatalu or other dirt. 

Monotype — Machine which moulds, 
oasU, and composes type in single 
letuira. 

N. P«— How paragraph. 

Micks — Marks on frout of typo shank. 

MonpareU— Size of type (0 points). 

O. E^— Old styla Modem Imitation of 
antique type. 

Octavo— Hheet folded into eight leaves. 

Outer Forme— Forme oontaluiug first 
and last pages of a sheet. 

Overlay— Sheet patched to pro<Uico 
good impression. 

Over-run— Altering the measure of 
type to take in wrreetlons, or tt> go 
round an illustration. 


FAOKI NO— Shoots of paimr and i>lAnket 
in tyrapan or on cylinder to gi'uduate 
impression. 

Pearl— Size of type (5 points). 

Pitch— Adjustment of typo to cylinder. 

Pica— size of movable type first used ; 
standard of measurement 02 points). 

Pie— Type thrown into dlsonfcr. 

Planer— Flat block of wood for levelling 
down t 3 y)e. 

Pli|tqn— Impression plate of liand press 
dr machine. 

Point— One-twelfth of pica. 

Points— Btoe! plus fixed on forme to 
secure register of pages. 

Process Blocks — illustrations pro- 
duced by a photographic process. 

UADE— Spaces larger tnan cm. 
uarto— Sheet folded twice, givitig four 
leaves. 

Quoin— Wedge for locking typo in 
chaso. 

RACKS— Holders for case.s, chases, and 
tools. 

Reader— A corrector of proofs. 

Reftisier—Prinling pages of one leaf on 
the back of each other. 

Reglet— Wood sllijs for spacing bill 
linos. 

Rollers— Ink dlstrihutora. 

Roman — Comnmn typo, not italic. 

Rotary— Type-cyl iuder machine. 

Rough Proof— Ibnigh impression of 
tyi>e pulled for correction. 

Ruby-^lze of type (.'>4 pointsX 

EANEERIF— Form of t>T)e without 
fine strokes at terminations of lines. 
Like this: SANSERIF. 

Screw-ehase- Chase fitted with screws 
for locWng up instead of wedges and 
quoins. 

Sorif— Fine lines at ends of letters. 

Setting-stick— TtM)i into which the 
compositor sets tyiK>. 

Setting-rule —‘^dp of bra.Hs against 
which tile comiwsltor sets, siiifting it 
line by line. 

Shooter — Wedge for driving qmtiiis. 

Sidenoies— Notert on margin of i»nge. 

SidestlCk — Half-wedge laid on side of 
page for locking-up. 

Signature— ITiiiter’s lctt 4 [*r to mark 
iiuml>er of a sheet — i.c., in a )>ook, A c. 

Small cap. —C'a|»it Ills same dexdii iii face 
as lower case. 

Small P ca— Size of tji>e (11 imiuU). 

Slur — Defective imprewHlon. 

Sorts— Special letters of a fount 

Spaces—Type without fare for making 
space ixitw een wunis. 

Superiors— Index figures or letters, 
very small, and cast to range witli top 
of letters. 

TAKE— A share of copy. 

Thick Space— S^pacc, three to the em. 

Thin Space— S^pnee, five to the em. 

Tweezers— Small pincers for picking 
out letters. . 

Tympan — Parchment-covered frame on 
naud press that carries the sheet on to 
typo. 

UMOERLAY— Sheet or patchings put 
under typo to regulate impression. 

Upper-case— Capitals ; the caso used 
for capital and small capital letters, 
figures, eta 

VIBRATOR ROLLERS— Rollers eon 
veying ink from duotor to ink slab. 

WAVER ROLLERS — Rollers set 
diagonally to distribute the ink. 

Web Maehlne— Maohlno supplied with 
paper from a reeL 

Wrong Fount — Letter of different 
charaoter fiom tlio fount being used- 
marked w.f. on proot 
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where they founded colonies and created ciiiea at 
the most distant parts of the* Mediterranean. It 
was only through their shipping that the PhoRiiicians 
became such a nowerful nation, the traces of which 
remain to this aay. In addition to their country’s 
favourable position they possessed an alwindant 
supply of excellent shipbuilding material in the 
forests of liobanon. What their ships were exactly 
like we cannot say, but from the fact that they 
made long voyages we can conclude that they 
must have been of a fair size and reasonably 
strongly built. The Egyptians, with their high 
civilisation, found it necessary to employ shi[is 
even for oxtensivo voyages, although niost of 
their shipping was no \loubt carried on on the 
Nile. More information exists with regard to the 
Egyptians* ships than those of the Phcpnicians, 
as the former were in the habit of recording much 
interesting information in the highly durable 
material of the Libyan stone. The pictorial 
representations of ships that have l>oon preserved 
in this way are, however, not to l3e relied upon for 
exact inforraatibn as to size and pro- 
portions. These ships would apix'ar 
to bo more sailing barges, intended for 
carrying on the heavy traffic on the 
river, than sea-going vessels. They 
were, as a rule^ propelled both by sails 
and oars. 

GreeK Ships. It was chiefly by 
the ships of the Plue- 
nicians that the earlier . ' 

civilisation was carried 
across the Mediterranean ' 
to Greece. Tlie Greeks 
did not, however. ‘improve 
much upon the shi^^s of 
the Phoenicians, although 
their sliipping developed considerably from the 
necessity of ke(iping in (contact with all the many 
colonies they founded on the coast of Asia Minor 
and Africa. The ships of the Greeks have often 
been found pictorially renresented upon the vases 
of that day which have oeen unearthed in recent 
times. But, as in the case of the Egy]Hian 
ones, these representations cannot be relied 
upon for exact information regarding size and pro- 
portions, as they consisted of more or leas con- 
ventional outlines intended more for decorative 
purposes than for corrt^ct information with regard 
to tno ships. It would appear that these vessels 
must have been small— at any rate, compared with 
more modem ones. Usually they were practically' 
open or without a deck to protect the crew and 
cargo from the w<^athcr. They were probably pro- 
pelled by sails only when tho wind was right aft, as 
the art 'of utilising a beam wind to the greatest, 
advantage was not discovered until later. The 
land was rarely left out of sight on tho voyages, 
a course being followed from promontory to pro- 
montory. From Greeoe, civilisation was again 
carried westwards, this time to Italy, by means of 
ships, and the Roman republic, lalor on the Roman 
Empire, became the centre of the world’s maritime 
as well as other intere.sts. Like tho (f reeks, the 
Romans carried on extensive intercourse with their 
colonies in Africa and Spa in. For a long time a keen 
rivalry was carried on with Carthage, wdiich owed its 
foundation to the earlier activities of the Phcenicians, 
but eventually the Carthaginians wore subdued. 

Roman Ships. The ships of the Romans 
were to a greater extent imposed by immense 
activities irt other directions than objects con- 
ftnicted for the love of maritime pursuit's. Their 


character remained very much tho same m that 
of tho Greek ships. They were more like land 
structures made to float than shipshape creations. 
AIkjvo the water they were of a fantastic con- 
struction, with erectioas for fighting- men, pro- 
tective hoods for officers, etc. At the waterline 
they had rams for damaging the vessels of (h(* 
enemy, and rows of long oars gave them tho ap- 
j)carance of huge multipedos. Ine Roman colonics 
in Spain and in tho South of Franco became after 
a time more directly interested in shipping than 
the mother country. The inhabitants of the 
west const of France were particular adopts in 
the art of shipbuilding, according to the very cir- 
cumstantial reports written by Julius Ctesar while 
extending the power of Rome in these regions. 

The Ships of the ViKings. About tho 
time of the fall of the Roman Emj)irenn indcf)cndent 
develojHiient in shipbuilding took place elsewhere. 
The iwople who inhabited Northern Europe had by 
this Ume also developed a considerable amount of 
civilisation, and in tho art of shipbuilding they had 
atlaincd a high degree of perfection. 
There are many records of the remark- 
'' able feats carried out by these northern 

races. Iceland. (Greenland, and North 
Auierica were reached towards the west, 
and both through the English Channel 
and the present Straits of fiibralt^ir, and 
I. ' also tlirough the rivers of Russia, the 
' ‘ MeditcTranean and Black 

. . ^ ' iSea wore reacdied. 

_ is known of the 

~ ■ ~ . ^ biiilding.s erected oh land 

by these |)Cople than of 

those in tlie south, as they 
1. VIKING SHIP were of wood, easily 

subject to decay and fire. 
On the other hand, more is kiiown about the ships 
in tho north, ns it was there a fretjuent custom to 
bury, with a dead chief, in huge mounds of earth, his 
ship and other things l>elonging to him. In rwent 
limes two vessels have thus been found, and filhers 
have b(^cn discovered in wood-preserving |)eat bogs. 
In this way, very reliable information is obtained 
with regard to tho ships of Northern Eurofjc at that 
dat(». One of these viking ships, as they are called, 
was discovered in Noruuy in 1880. It is repre- 
sented by 1 and 2, which show a side view and a 
cross section respect iv(‘ly of the restored vessel. 

She was 78 ft. long, 10 ft. 7 in. 
broad, and 5 ft. 9 in. deep. 
The keel was the main timber, 
being 14 in. deep and 4J to 
7 in. thick. The vessel is what 
is called clinker built — that is, 
the outside planks overlap each 
other, as shown by 2, and as is 
usual now in the cose of rowing 
boats and other lightly- built 
crafts. The planks are only 1 in. thick, and arc 
clinched together with Iron nails. They are, how- 
ever, not clinched to the frame timbers in the now 
usual way, but are tied to tliem by means of tough 
roots. The necessary holes in the planks for this 
purpose are made in thick protuberances, left on 
the inside when the wood was prepared. By this 
ingenious method the builders avoided the necessity 
of having holes in the outside planks, at the bacK 
of the frame ribs, where a leak would bo liable to 
occur, and where it could not be readily got at and 
stopped. The foundation for the mast, which was 
a heavy concentrated weight to be carried in a 
craft of so light construction, was of n design that 
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has hardly, if at all, been improved ii))on in the 
most modem yacht, construction, where the same 
problem of distributing a concentrated weight over 
a very light structure has to be dealt *with. 

Early Emcieacy, in Construction* 
Tliese early shipbuilders were also well aware of 
the pi-inciple that where a minimum of material 
is to be sufficient, there must be a high degree of 
excellence of workmanship. It may be doubtful 
whether vessels have at any time been built which, 
taken all in all, wore more efficient for the intended 
purpose than tliese viking ships of a thousand years 
ago. They possessed the highej^t degree of strength 
with the minimum of material. laghtness was of 
the greatest importance in these vessels from the 
fact that they had often to be hauled up on land. 
So easily were they handled that it is even recorded 
that on occasions when something could he gained 
thereby, they were transported on rollers for con- 
siderable distances on land. They had to lie pro- 
pelled by oars, to be able to run up rivers and creeks, 
and at the same time they could utilise the wind 
when it was well aft. The general form adopted 
to give sufficient stability and a minimum of 
resistance to propulsion under these conditions is 
such that it would practically impossible to 
improve upon it now, in sjiitc of all the develop- 
ment of modern science. 

The deep keel is designed in the most efficient 
way to protect tlie vessel when taking the ground, 
which w’as necessary wJien landing was effected in 
those days of no harbours. The rudder is hung on 
the starboard, or right side, of the vessel, and could 
easily be unshipped, and would in any case, with 
the arrangement adopted, take no damage if touching 
the ground. It is practicallv the same arrangement 
as that adopted in many lifeboats of the present 
day, designed with a view to the difficulties en- 
ooiinterod in landing on an unsheltered shore. 
In these swift and handy vessels the Vikings swept 
down upon the remainder of Europe, and the in- 
fluence of the North was being carried to the eastern 
shores of Orcat Britain at the time the Romans 
were still keeping up communications with the 
southern ones. "I'he intermingling of the ideas of 
the classical nations with those of the North may 
not have been without influence on the develop- 
ment of the maritime affairs of the country which 
was to become, in modern times, the centre of the 
world’s shipbuilding industry. 

Ships of the Middle Ages. During the 
early part of the Middle Ages, shipping interests were 
still chiefly centred in the Mediterranean. It was more 
particularly the Italian republics that devcloi^d 
the maritime pursuits. The Venetians possessea an 
extensive fleet of merchant vessels, and kept up a 
brisk trade with the East. Their ships were, how- 
ever, more fantastic and picturesque than highly 
efficient, and no very radical improvements were 
introduced. The Genoese were, later on, the keen 
rivals of the Venetians. In Nor them Euro|)e the 
Hanseatic League took the load in maritime affairs. 
There was, however, right through the Middle Ages, 
very little development in the art of shipbuilding. 
Tlie old ideas were perpetuated, and ships remained 
very much of th6 same character as before. With 
their fantastic trappings, and with their often 
irrational designs, they were not nearly so efficient 
for their purpose as the earlier ships of the vikings. 

The Genoese were the first to use more scientmc 
methods of navigation, and more rational metho^ 
in handling their ships. They are usually cveMM 
with discovering the way to utilise a beam, oFside 
wind, to the gimtest advantage. With that dis- 
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00 very the use of oni’s a.s a means of pro]>elling sea- 
going vessels cea#?e(l.to be a necessity, and the time 
became ripe flu* the extensive navigation of the 
high seas. It was at this time that Columbus, 
after leaving Genoa, prevailed upon the King of 
Spain to lit out the expedition that led to the dis- 
covery of America. This was, however, only one 
of a long series of discoveries made by Spanish and 
Portuguese sailors, and, as a consequence, the centre 
of shipping interest moved again westwards. When 
Spain and Portiigual declined, the Low Countries 
took the lead, and finally it passed to England. At 
this time, improA'Cments in ship constnu^tion were 
still very slow. The general character of the ships 
remained unclianged, although the increased ex- 
perience rausf'd modifications in details. 

Developments in the Nineteenth 
Century. The very earliest ships were pro- 
pelled entirely by oars, and for ages this method of 
pro]nilsion was retained as a stand-by when there 
was no wind. Eventually, with the increased 
knowledge of how to manage the sails, the use of 
oars was discarded for seagoing vessels. By the 
beginning of the nineteenth ecntiiry the steam 
engine Jiad been invented, and jmt fo nse for 
various jnirposes on land. It was not long before 
it was realised that there was here a power which 
might, with advantage, take the ])lace of the sails 
and the uncertain wind as a means of projielling 
ships. The idea of providing a vessel with the power 
to move it )>y other than human labour occurred 
even to the Romans, who, it is reported, had some 
vessels propelled bj’^ paddle wheels worked by oxen. 
It was not. however, until physieal science, in 
the eighteenth century, had developed sufficiently 
to make a reasonably eflinient steam engine possible 
that the employment of mechanical power for the 
propulsion of ships became common. For a long 
time after the introduction of steam power into ships 
sails continued to lie used in the majority of vessels, 
and even in fJiosc where stcfim engines were fitted, 
sails were extensively carried in those days as a 
stand-by in the event of the coal giving out or the 
engines failing. The outline, of the history of the 
sailing' ships may therefore be continued up to the 
present day, liefore the evolution of the steamship is 
sketched. 

East and West Indiamen. In the early 
part of the nineteenth century a rivalry sprang 
up between England anti the United States of 
America in the matter of shipping similar to 
that whirli had existed between Greece and 
Rome and their respective colonies. The English 
merchant vessels were up to this time built 
entirely on the old, established lines. They 
were of bluff forms at the ends and consequently 
of slow RjMied. On the other hand the \mdcr- 
water part amidships was of a rounded form 
which <lid not admit of a large amount of 
cargo being carried in a vessel of given dimensions 
in siiite of the fulness of the extremities. In the rig 
and general arrangement these vessels still retained 
some of the old fantastic features, then thought 
to l)C indi8})ensable in a ship. This type of sailing 
vessel was lK\«t represented by the so-called “ East 
Indiamen.” owned by the old East India Com- 
pany, and trading to the East. They carried a 
relatively small cargo, and a large crew, and 
could be utilised as ships of war if required. 
Later on another typo developed — namely, the 
so-called West Indiamen — which were somewhat 
more efficient from a commercial point of view 
as they c#irried a larger amount of cargo, and had 
a much smaller crew. 
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American Influence on Sailing Ship 
Construction. In the creation of a more 
efficient type of Bailing ship the Americans 
came to contribute considerably. They had the 
great advantage over the inhabitants of the 
mother country of being a young nation \in- 
feitercd by ])revious conventional ideas with 
regard to the con.strnc;tion of ships. In addition 
to this advantage the Americans were favoured 
by abundant supplies of wood conveniently at 
hand. It was therefore natural that they should 
take the lead. In the first instance they improved 
the S|)eed of shi]»8 by making the form of the vess<*l 
sharper towards the extremities, while they at the 
same time increased the cargo-carrying capa<‘ity 
by making the form amidships straighter in the 
side of the vessed and fuller under water. In 
other words, they utilised the sjiaee iDetter than 
had been done l^efore, and made a vessel 
of given dimensions more efficient all round. 
The Americans also introduced labour-saving 
appliances in tlie handling of the siils. They 
were thus the first to divide tlie large square 
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of larger fomiag(*, and relatively longer, than 
had been done Iwfore, and as tlie sails which 
thoBc ships would have required, if provided 
with <mly the usual 
three masts, would have 
been too large, they in- 
(rodueed an additional 
one. Figures 3 and 4 
show a tyjii^al exanqile 
of Amcrioaii wood sailing 
ships of the ]Kjriod jii^t 
prior to the introduction 
of the double to])snils. 
Before the introduction of 
4 . SECTION OF EARLY railways across the eoii- 
AMKRICAN WOOD SHIP f inent an extensive trade 
was carried on by these 
sailing ship? Indween the Eastern State's and 
California, and some famous passages wore made 
on this extensive course right round Ca])e Horn. 

Tea Clippers. The English and Scotch ship- 
builders were not slow to adopt these improve- 
ments in their new vessels, and in the race from 
China with tea for the London market the English 
shipomiers were soon able to beat the Americans. 
These so-called China clippers were the fastest 
merchant sailing vessels built. As the ships of 
the Vikings came to mark the final development 
in the combined sailing and rowing seagoing craft, 
BO the China tea clippers may be considered as the 
highest development of the pure sailing-ship type. 
They carried on the last struggle of sails against 
Bteam in the quick transit across the ocean. After 
that date sailing ships continued to be on Jit, and 


they are still being Imilt, but only for trades 
where cheapness of transit is of greater importance 
than speed. From this point of view of sailing 
efficiency, there has lx^cn little improvement, if 
any, si?ice the tea clinpers were built. The 
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modifications that have taken place have been 
in the direction of the t'conomical working and 
building of the shi]>H all round and in the 
direction of carrying a larger amount of cargo 
in a vessel of a given length, breadtii, and 
depth. Figures 5 and 6 represent one of the most 
famous tea clipjKTs. It will lie noted tiiat the 
spread of canvas is very large in proportion to the 
size of the vessel. The form of the midship cross 
section j6J shows by its fineness that they could 
not carry a large amount of cargo, particularly ns 
the form was also very shar]> towards the ends 
of the vessel. They were of the so-called composite 
construction, where the frauies, beams, and general 
internal struetnre an' of iron and only the outside 
])h\nkmg and decks of wood. This arrangement 
was adopted in view of the difficulty of obtaining 
the neeessarv strength by a purely wood construction 
in vessels of such fine form and lofU' rig. 

Warships. While the merchant sailing ships 
develofied, so also did wnrsbijt^, but ton much smaller 
extent. Owing to the large crew that these ships 
always carried there was not the same inducement 
to reach a higher degree of efficiency in the 
arrangement and handling of the sails and in the 
general working of the vessel. The weight of the 



strncturo was also not of the iinj^iortance it is now 
in a warship. On the other hand, height of plat- 
form for handling the guns was essential, and also 
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liandiness in manoeuTring. The oonseqiienco was 
that the wooden sailing men-of-war retained to the 
last their short, towering, bluff form that can yet be 
seen at the mouth of most English rivers, where 
these vessels are now commonly used as training 
ships for bojrs. It was such a l>eautiful ship of the 
lino that inspired John Ruskin, when he wrote of 
man’s capabilities as a gregarious being ; “ Into that 
he has put as much of his human patience, common- 
sense, forethought, exiwimental philosophy, self- 
control, habits of order and obedience, thoroughly 
WTOUght handwork, defiance of brute clementH, 
careless courage, careful patriotism, and calm 
expectation of the judgment of God, as can >%ell 
bo put into a space of 300 ft. long by 80 ft. broad.’’ 

Steam Propul- 

slon. It was not until 
the steam engine had 
reached a certain amount 
of efficiency that its intro- 
duction into ships as the 
propelling power could 
Deoomo profitable. That 
point may be said to 
have been reached by 
James Watt’s invention 
of tho double acting 
engine. The idea of u til is- 
ing tho power of steam 
for ship propulsion origi- 
nated in several minds, 
probably more or less in- 
aopendonlly, but Syming- 
ton may be said to have 
first realised it in tho 
Charlotte Dundas, a small 
steam vessel which made 
its trial trips on tiio 
Forth and Clyde Canal hi 
Scotland, in 1802. It was 
appropriate that the 

River Clyde should thus I [ | | | | | | | 

see the birth of the first 

mechanically successful 

steamer, os this river 

should afterwards become 

tho world’s centre for the 

production of steamshi])8. 

It was not, however, until 
the year 1^7 that Robert 
Fulton, in America, suc- 
ceeded, by tho vessel 
Clermont, in producing 
a commercially successful 
steamer, which could 
ensure and did ensure 
the continuous develop- 
ment of steam power as applied to ship propulsion. 
The beginning of commercial steam navigation took 
place, therefore, on the other side of the Altantic ; but 
it was not long before steamers wore extensively 
adopted by British shipowners, and it was by the 
growth of its steam tonnage that the British 
mercantile navy should reach tho enormous develop- 
ment during last conimy whereby it outdistanced 
by far the fleets of all other nations. To begin with, 
the dimensions of steamers were small. Those of 
the Clermont were: length, 130 ft., and breadth 
16| ft. Only vessels for rivers and sheltered waters 
were fitted with the new power of propulsion. 

Paddle and Screw Steamere, Af^ a 
time had elapsed steam was, however, also |J^od 
to ocean-going vessels. So far the only method 
of applying the power had been by means of 


paddle wheels on the sides of the vessel, and 
although these proved themselves very satisfactory 
for river steamers, tiiey were not so for ocean-going 
ships, where the large wheels were exposed to the 
blows from the seas and where the rolling might 
often alternately dip the wheel on one side too deep 
in the water, or lift it entirely out of the water, in 
both of which oases the propelling power would be 
largely lost. In 1839, the screw propeller had been 
invented by Mr. Smith, and was applied to the 
Archimedes", a vessel of fair size. This was a 
great improvement in tho method of propulsion 
as applied to ocean-going steamers, because the 
screw could be placed low down in tho water, where 
its action was leas liable to be interfered with by tho 
movements of the ship or 
waves. Although 
] saddle steamers were at- 
that time crossing the 
Atlantic, they soon died 
out for that purpose, and 
the screw propeller has 
been victorious down to 
the present moment. 
Since its introduction tho 
developments have been 
gradual, and have been 
jirincipally in the direc- 
tion oi improved engines 
and boilers. The greater 
efficiency of the pro}iolling 
N j luaohinory was obtained 

chiefly by a continuous 
increase in the pressure of 
the steam in the boilers 
and by its more economic 
use in the engines, first by 
passing from the simple 
double-acting arrange- 
ment to compound en- 
gines, then to triple 
I I I I I I I II expansion, and, finally, 
to quadruple expansion. 
Tho principle of the mul- 
tiple expansion of tho 
steam as it passes from 
the maximum j)re8sure in 
the boiler to the minimum 
in the condenser is simply 
to get a more gradual, and 
therefore more economi- 
cal, supply of work from 
the steam. This question 
will, however, be dealt 
with under Prime 
Movers. The very 
latest method of applying 
the power of steam to ship propulsion is by 
means of turbines, where reciprocating machine^ 
is entirely done away with, and the steam is maefe 
to act directly on a" rotary fixed to the propeller 
shaft much in tho same way as water acts on a 
horizontal turbine wheel, or the wind on the sails of 
a windmill. By this method the pro|)elling agent 
remains the screw, but it is usually found advan- 
tageous to employ a greater number of them than 
before — usually two, three, or four are fitted. 

Discarding Sails. The first ships for ocean- 
going purposes to be fitted with steam retained 
meir full complement of sail, in order to save 
ooal when tho wind was favourable and to 
have a stand-by should the engines break down. 
By the development of more eoonomio, partiou- 
larly mfire coal-saving, machinery, and by its 
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bein^ perfertod so ad to be more reliable, the use 
of ftaik became of less importapee. In many 
instances where the speed was high the tall masts, 
yards, and rigging added materially to the resistance, 
and reduced, therefore, the S|^d when under 
steam. Sails were therefore gradually 
discarded, until now the largest and ^ 
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most iin)iortant steniners have only masts for the 
purpose of carrying signal flags and lanterns, or for 
supporting cargo derricks. The introduction of the 
twin screw, with its two indei)endpnt sc*t8 of engines, 
gave increased safety, and aided in bringing about 
the above-mentioned result. The consequence is 
that not only are sailing 8bi})S disappearing rapidly, 
but sails for other than steadying pur])Oses are also 
vanishing, or have vanished, from steamships. 

The Disappearaince of Sailing Ships. 
The extent to which sailing ships arc still being built 
is shown graphically by the up[ier diagram on tlio pre- 
oeding page. The bottom curve gives the percentage 
of sailing ship tonnage built throughout the world 
in each year, the top curve the corresponding per- 
centage of steam tonnage, the horizontal divisions 
representing years and the vertical divisions 
10 ])er cent. It will l)e seen that the growth 
in the production of steam tonnage has been 
enormous, particularly in the years just before 
1889. The increase in the percentage has, however, 
not been steady, as is seen by the fall in the years 
from 1889 to 1892. During recent years there has 
been a tendency for the percentages to be more 
constant, the steam tonnage remaining at about 
90 per cent, and the sailing ship tonnage at about 
10 per cent. The second diagram shows the rela- 
tive yearly waste of steamers and sailing ships. 
It will be seen from this diagram that the average 
yearly loss in steamers is about 2 per cent, against 
about 5 per cent, for sailing vessels. 

Taking ships on the whole, and ignoring age 
and material of construction, a steamer may be 
said to have fully twice the vitality of a sailing 
vessel. The effect of the yearly building and loss 
upon the existing tonnage of the merchant fleets of 
the world is shown in the table in next column, the 
horizontal divisions representing a year, while the 
vertical divisions are equal to 1,000,000 tons. It will 
be seen that in the year 1887 the existing sailing 
ship and steamship tonnage were equal, but the 
steam tonnage was in the ascendancy, while the sail- 
ing ship tonnage was dwindling. 1'he increase in the 
steam tonnage has been very steady, and the decline 
in the sailing ship tonnage has been equally so. 
In twenty to thirty years from now, sailing shim 
will be an entirely negligible quantity in the 
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mercantile fleets. The top emrve shows the entire 
tonnage of the world, and it will be observed that 
it is growing by more than a million tons a year. 
These curves are derived from the careful statistical 
records kept by Lloyd’s Register of Shipping. 

Wood Ships. From the earliest times right 
up to the beginning of the nineteenth century all 
ships had been built of 
wood. This was naturally 
the material that suggested 
itself first from its ability 
to float on the water. For 
centuries it was supposed 
that this ability of a 
material to float was essen- 
tial to its use in the hull 
of ships. This idea was, as 
a matter of fact, wrong, 
which could Imj proved by 
the ability of any tin or 
light iron kettle to remain 
floating on the water. In many respects wood 
was an excellent material for shiplmilding pur- 
poses, particularly as long as ships remained of 
moderate sizes, and under any circumstances it was 
the only possible material until comparatively 
recently. Oak and other hard woods were the 
best for the purpose, but pine was often mor^' 
conveniently at hand, and cheaper. The general 
method of construction of wood ships has re- 
mained the same as far back as it can be traced. 
A heavy piece — or pieces — of timber form the 
keel or backbone of the structure. On it are 
erected floors and frames, or stiffening ribs. To 
these the outside planking is attached, as indicated 
in 7, which represents a midship section of a 
wood merchant ship. At the top of the frames the 
lieams are fitted across the vessel. In the case illus- 
trated. there are two tiers of beams, one to carry the 
np|)er-deck planking, and one to take a deck lower 
down for the accommodation of passengers or cargo. 
The frame timl)ers are planked on the inside to 
keep the cargo dry. Above the keel, heavy timbers 
are run along on the top of the floors forming what 
is called a keelson^ which is really part of the 


backbone of the structure, being thoroughly bolted 
tlu*ough the floor timbers to the keel. From the 
keelson, supi^rts are carried up to the deck beams. 
It is desirable to have as few joints as possible in 
the structure of a wood ship. It is, however, 
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impracticable to obtain timber of the form and size 
necessary to dispense with all joints, and in some 
instances, as in the case of the frames, it is necessary 
to have each set of timbers built up of a number of 
comparatively small pieces, which must then be 
bolt^ together. This question of the joining of 
the individual parts is one of the most diflicult 
ones in wood ship coiistnietion, as will ho evident 
from the large wrought iron knees shown in 7, 
attaching the l)eiiin.s to the sides of the vessel. A 
very large amount of iron has in tl\is way to be 
worked into the structure, whereby it becomes so 
heavy that it would not float if pierced, in spite of 
the general material being wood. Gradually more 
and more iron was in this way being used in 
ships. 

Iron Ships. About the same time as steam 
power was beginning to become general for the 
propulsion of ships, another epoch-making change 
w'as being prepared. Barges were l>oing built 
of iron plates on the principle of the steam 
boilers. As they were found to answer satisfac- 
torily, it WHS pro[)oscd to adopt this princi])le 
for sea-going ships. For a long time the pre- 
judice against such an unheard- . . ^ 

of proposal was sufficiently ’ 

strong to keep tlie suggestion 
from being carried out in prac- 
tice. Eventually the general 
superiority of iioii ns a material 
for shipbuilding pnrfwses was 
recognised, and the enormous 
development of modern ship- 
ping became possible. As Great 
Britain had taken the lead iu 


general arrangement is similar, the dimensions of 
the individual parts are reduced very much. For 
instance, where the outside planking was 4 in. in 
thickness, the iron plating is only about } in., and 
where the floors were some 12 in. mick, they are now 
less than half an inch. Iron is so infinitely superior 
to w'ood as the material of construction for large 
sea-going vessels, that the long, shallow, and fast 
ships now existing may be said to have been an 
impossibility without the introduction of the new 
material. A splendid proof of the possibilities of 
iron was to be furnished not long after its general 
acceptance as a shipbuilding material, but the 
vessel in question will bo referred to later. In 
the meantime, it will be desirable to mention the 
second great change in the material of construction. 

Steel Ships. About the year 1 876 an improved 
method of manufacturing iron plates and angles had 
been invented. The new product was called mild 
Med. Jt must not, however, be confounded with the 
hard material used for tools and similar objects. 
In reality, the steel used for shipbuilding 

purposes is more real • iron than the com- 
mercial product of that .j name, in so far as 


the change from sail to steam, 

so it also became the HhijJownerM . 

and shipbuilders of this country M 

that first realised the immense KeelSON f ^ T its chemical oora- 

}>ossibilities of the introduction ■ mi i position is made 

of the new material. One of the ill " up of iron 

first iron vessels, the Vuhmn, * — ^ fewer impurities 

was, appropriately enough, built M/D5HfP SECT/ON. tl»an the material 

on the Monkland Canal, mvir properly so called. 

Glasgow, in the year 1818. The 8. CONSTEUOTION OF IRON SIUP The essential 

first iron steamer, the Aaron difforciico between 


Manby, was constructed in 1821. From that ye.ir 
.up to about 188.5 the construction of iron ships 
increased to such an extent that the new material 
practically displaced wood 
Superiority of Iron Over Wood. The 
.superiority of iron over wood lies not only in 
jthe greater strength of the material itself, but 
.also in the fact that the individual parts of an iron 
structure can be much more cfTeotually attached 
to each other, whereby the efficiency of the struc- 
ture ns a w'hole is immensely increased. Moreover, 
a considerable saving in weight is effected by the use 
of iron. The specific density of iron is, of course, 
much greater than that of wood, and, bulk for bulk, 
iron is therefore heavier. Its strength is, however, 
more superior to that of wood than its specific 
weight is greater. A less weight of iron will there- 
fore suffice to produce the same strength as a greater 
weight of w'ood. In a general way the structural 
arrangement of iron ships was the same as that 
adopted in wooden ships. Figure 8 shows the con- 
struction of an iron ship. Comf)aring it wdth 7, 
it will be soon that the keel and keelson still form 
the backbone of the structure : the floors and frames 
are fitted as in the w'ood ship, and the beams and 
decks are similarly arranged. In lieu of the outi^e 
l^anking, comparatively thin plating is now 
It will, however, be observed that althougn the 


iron and steel for .shipbuilding purposes is this, that 
the latter is stronger, more uniform in quality, and 
more pliable. It can be given almost any form, 
to a largo extent w'itbout the application of heat, 
which is usually necessary in the working of iron. 
The introduction of steel was therefore a great im- 
provement, but it did not represent nearly so great an 
innovation as the substitution of iron for wood; it 
merely aooentuatod the advantages of metal over 
w'ood. Although both iron and steel are on the 
whole infinitely superior to wood, they have certain 
disadvantages. In the first instance, they corrode, 
particularly so where subjected to the action of the 
impure water that always gathers in the bottom 
of ships. A little experience with iron ships 
proved this, but it was not long before it was realised 
that n little care and the application of paint and 
cement proelically removed that trouble. Wood 
ships, particularly those trading in the tropics, 
were always subject to having the exterior of their 
bottoms covered with barnadea and other marine 
growths, which could assume huge proportions 
and delay the progress of the vessd considerably. 
It was discovered that by covering the bottom below 
the water-line by thin copper plates those growths 
were prevented from attaohina themselves to the 
ship. This expedient was therefore universally 
adopted in all ^t-class wood ships. When iron 
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was introduced, the trouble with the growths 
cropped up again. It was attempted to attach 
copper plates to the iron bottoms as in the case 


of w'ood ships, but with disastrous results, as the 
two metals set up a galvanic action which consumed 
the iron. Again exi>erience soon taught that iron 
ships required a slightly different treatment from 
wood ones. The more frequent docking and clean- 
ing, and the use of more or less efficient anti-fouling 
paints, practically removed the difficulty of the 
i)arna ole-covered bottom in iron and steel ships. 

Number of Veaaels of Wood, Iron, and 
Steel. The effect of the change from W'ood to iron 
and from iron to steel in the amount of shipping 
croaied each year will bo seen at a glance from the 
diagram above, where the three curves represent (he 
growth or decline of the three materials in i)er- 
centage of the total amount of tonnage produced 
each year. It will be observed that iron had 
already, in 1880, reduced the production of wood 
ships to about 10 i)or cent, of the total output 
of the world, but even this figure has by the 
combined effect of iron and steel been reduced to 
only about 4 ^icr cent, in ltK)4. On the other hand, 
the* immediate effect of the introduction of steel 
WHS to make the iron ship disappear even iiiore 
quickly than the wood one did. Since 1894 iron 
sluphuilding has been practically extinct, and steel 
ships have represented Off per cent, of the total 



on the whole, fairly constant for each material, but 
the iron ships are disappearing more than twice as 
fast ns the steel ones and the wood ships more 
than four times as fast. The net result of the 
additions and deductions to the existing fleets of 
the w'orld is shown in the last diagram. It will 
1)0 seen that there is a very steady increase in the? 
tonnage of steel ships and an equally steady decline 
ill the tonnage of iron and wood ships. Some ten 
to fifteen years from now the wood sea-going ships 
will have practically ceased to exist, and in another 
five to ten years time the iron ship will have gonf 
the same way. 

Xhe Great Eastern. The use of iron as 
building material culminated in the building of 
the (Ircat Eastern, the most unique sjiecimcn of 
naval architecture that the world had produced. 
The constriH’tion and design of this vessel are 
well worth careful study even in these days of 
large steel steamers, and a short reference to 
them may not be out of place here. It was 
Mr. Biimol who first conceived the idea of building 
a ship large enough to steam round the t"a{)e of Coiid 
Hof»c to India without coaling on the w'ay. The 
(Jreat Eastern was designed and built with a 
\ iew^ to realise this idea. Her length over all w^as 


692 ft. ; length between perpendiculars, 680 ft. ; 
breadth of hull, 83 ft. ; breadth over paddle-boxes, 
120 ft.; depth from keel to upi)er deck, 58 ft. Her 
tonnage was 22,500 and the displacement 30,yCK) 
tons, at a draught of 30 ft She was capable of carry- 
ing 18,000 tons of coal and cargo, and in addition 
she had accommodation for 4,()(X) passengers or 
10,000 troops. She was pro|>elled by tw^o sets 
of engines, one working a four-bladed screw' f»ropellei 
24 ft. in diameter, the other a set of huge paddle- 
w heeds 58 ft. in diameter. In addition to the two 
sets of engines she had 195,000 square ft. of 
sails. The Great Eastern was begun in 1854 
and launched in 1858 from the Isle of Dogs, near 
London. Figure 9 shows a side view of the vessel, 
and 10 a midshij) cross section. lu many res[>ccts 
this wonderful ship led the way in naval architecture. 
In some directions she was so much ahead of her 
time that it was not until many years afU*r that her 
lead was followed. In some points this has not 
been done to this day. 

Difficulties in the Construction of 
Large Vessels. 3'he construction of a large 
ship involves far more difficulties compared with 
that of a small one than does the building of 
a larg i house compired w'ith that of a 8. nail one. 
For every increase in size greater power is required 
to maintain the same speed, and consequently 
greater coal capacity, etc. But the most serious 
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queation is that for every increase in size you need 
relatively more structural material if the same 
strength is to bo maintained, and wliere no ex- 
perionce has l>een gained, it is always a difficult 
prolilem to determine what will bo sufficient 
strength under the new conditions. 

The mere creation of a huge structure is not in 
itself a particularly praises worthy achievement. To 
be that it must l)c done by efficient means, as was 
the case in the (ireat Ea^stern. 'riio design of her 


water ballast was also recognised. The double 
bottom was in the Great Kiistern extended up the 
side of the vessel to above the water-line, whereby; 
additional safety was ensured. Besides the innori 
bottom the vessel had twelve transverse water- 
tight bulkheads and two longitudinal ones, which 
added to the general stron^h of the entire, 
structure, and lessened considerably the chances 
of sinking in ease of injury. The deck giving 
the greatest amoimt of transverse strength was 



stnietural arrangement was a greater work of 
genius than even the eouception of the primary 
idea of building a large' vessel capable of steam- 
ing tt) India without coaling. From the very 
Ix'ginning of the structure nil old-established con- 
ventions were departed from. The keel proper, as 
fitted in W'ood ships and as retained even until 
quite recently in largo steamers, was dispt'nscd with, 
and in its place was fitted nu ordinary strake of 
outside iilating only I in, greater 
in thickness than the remainder of 
the plating, and stifTened inter- 
nally by a vertical plate, all as 
has but recently liecomo the usual 
practice. 

Cellular Construction* 

The boldest innovation was tluj 
entire distiensiiig with the ordi- 
nary floors and frames as the 
means of stifTcuing the outside 
plating, and the introduction of 
a series of longitudinal girders, as 
shown in the section [lO'j. Brunei 
rightly realised that the longi- 
tudinal strength would be by far 
the most im})ortant in a vessel of 
this description, and ho therefore 
(diose not to rely only on the out- 
side plating for strength in this 
direction, but ho arranged the 
atUTcning of this ]>lating in sucli a 
way that it assisted in the resist- 
ance to longitudinal liending. Moreover, he realised 
the immense strength of the cellular construction, 
and adopted it both for the bottom of the ship, 
where it has now become universal, and for 
the upper dock, where it lias not been adopted 
since. 

The fitting of an entire inner bottom, thereby 
adding to the safety of the ship, was also a now 
idea which has now been practically universally 
adopted. The possibility of using the space 
l)etwoon the two skins for the puriiose of carry ii^ 
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10. GREAT EASTERN MIDSHIP 
CTIOSS SECTION 


the one fitted at the head of the double bottom, 
or near the water-line, and the deck ]>nsscssing 
the greatest amount of longitudinal strengtli w'as 
the one fitted at the? top of the structure. 
Brunei thereby recognised a principle whi<ffi it 
has taken a ooui>le of generations to appreciate 
fully. Throughout the entire ship the clumsy 
use of individually thick jdates w’as avoided.' The 
necessary strength w’as obtained, in spite of the 
size of the structure, by a 
thickness of only J. in. for 
the entire inner and out<*r shell 
plating, and J in. for the deck 
plating. 

Great Eastern Not 
Exceeded till 1907. To 

realise what the successful build- 
ing of such a ship meant at 
that time, it must be borne in 
mind that the length, the breadth, 
and the depth were pra<*-tically 
double the corresponding dimen- 
sions of the vessels with which 
ex]>ei“ience liad been gained up to 
that time. Throughout the fifty 
years which have elapsed since 
its construction there has been 
a sU^ady increase in the dimen- 
sions of ships, but no individual 
ship has W tills day reached the 
size of the Great Eastern. Tw'o 
vessels are, however, now build- 
ing w'hich will exceed in dimensions in every 
respect those of the ship of 1868, but the engi- 
neering feat of producing a ship some six times 
the size of the largest existing ship is not 
likely to bo ever again achieved in the progress 
of naval architecture. Unfortunately, the time 
was not ripe for the profitable employment 
of slii])s of such size, and the result was that 
the Great Eastern came to l>o a very costly 
experiment, technically a success, but financially 
a failure. 
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By Professor JAMES LONG 


'THE difficulty of obtaining hens for sitting 
^ during the winter season, and the perfect ion 
to which the incubator has been brought, has 
resulted in the very general adoption of this 
machine for the purpose of hatching eggs. A 
well -constructed incubator is of great service 
to the poultry keeper, enabling him, as it 
docs, to be independent of the hen to hatch 
chickens in largo batches with almost absolute 
certainty, without the interference of vermin, or 
the necessity for outdoor work in bad weather. 

Where to Keep the Incubator. There 
arc, however, certain conditions which it is 
essential to observe. The apartment in ■which 
the incubator is placed should be one in which 
it is not possible for the temperature to fall 
below, say, 45^^ F., or thereabouts, at any time. 



68. HE arson’s incubator 

a. Tank of water 6. Movable ejfif-tray c. Water-tray d. Holes 
for fresh air e. Ventilating holes /. Damncr' g. Lever 
?i. 1^60(1 wci(;ht k. Slips of wood k Lamp chimney and flue 
pi|>c w. Noii-conduc!timf material n. Tank thermometer 
0 . Needle for comnuinicatiniar the expansion of the ca}>sn]e 
g to the lever g p. Milled-head screw r. Filling: tube 
g. Thermostatic capsule t. Petroleum lamp v. Chimney for 
disidiar^e of surplus heat w. Chimney for discharge of residual 
products of combustion x- (Hass chimney, covered with 
asbestos. The overflow tube is the upi>er one, on the right-hand 
side of incubator, and the lower tiilx; is for emv»tying the tank 

It must be thoroughly ventilated, pure air being 
practically as essential to the vitality of the egg 
as to the living chicken. The larger the numW 
of incubators employed in an apartment, the 
greater the importance of these conditions, 
especially as where several lamps are burning, 
there is a larger consumption of oxygen, and a 
greater liability to smells. 

Whatever machine be purchased, the instnic- 
tions of the manufacturers should be carefully 
studied, and every detail mastered before 
valuable eggs are placed within it. Among these 
details, the management of the lamp, and of the 
drawer, as well as of the ventilation of the 
eg^, should bo specially noted. 

In marking eggs, it should be remembered that 
they are chipped by the chicken within, at the 



large end through which the youngster emerges, 
although occasionally they are chipped else- 
where, when it may be necessary to render slight 
and very gentle help. The chickens hatch on 
the twenty-first day, but it 
frequently happens that eggs 
are chipped on the tw'entieth 
day. in the case of the 

duck, the goose, the turkey, 

62. BROODER AND guinea fowl and the pea- 

COVERED RUN I*®**, 28 days are occupied in 
incubation. 

We proceed to describe the way to manage 
the incubator on the basis of the exj>erience of 
one who has achieved much success with it. 

Practical Management of the In- 
cubator. When deciding to use an incubator, 
start, if possible, with a good one, such as 
Hearson’s [63]. If the incubator be bought at a 
sale, thoroughly examine and test it ; afterwards 
overhaul and clean inside and out, placing it 
out of doors to dry and sweeten. Obtain a good 
thermometer, and replace all missing parts, 
including the canvas in the egg drawer, and the 
damper if that is necessary. The capsule must not 
be forgotten, this being, perhaps, the principal 
item, for the proper working and regulating of 
the incubator depends upon it. Place the incu- 
bator in a small room, if possible, where it ■will 
be free from draughts, concussion, or the 
banging of doors. Having everything ready for 
a start, fill the tank with slightly warm ■water, 
and the lamp being filled and trimmed, light it 
and carefully watch the thermometer, con- 
trolling the heat by the aid of the regulator. 

Temperature Necessary. Now keep 
the temperature even for three days — say, 
from 100° F. to 
103° F. ; it should 
at no time be allowed 
to rise beyond 106° 
F. or to fall below 
98° F. The germ in 
an egg w ill bear a low 
temperature better 
than a high one ; i( 
is, however, wonder- 
ful what eggs will go 
through and permit 
the chickens to survive, although it must neces- 
sarily weaken them when the temperature is 
frequently up and down ” during incubation. 

Place the eggs in the drawer, after marking 
each with the date on one side and a cross on 
the other, the date being upwards, then care- 
fully close the drawer and watch the ther- 
mometer, and it will be noticed that the tem- 
perature will steadily fall, until the eggs begin to 



64. OUTDOOR BROODER 
WITH RT7N 
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12008 HATCHED IN THE THREE \EAR8 ENDING 
MARCH aiST, 1906. 


Number of hatchoR 

Number ot eggs placed iu uiachiues 
Number of fertile egga . . , . ' . 

Number of chickens, etc., hatched 

Perccntagen of fertility 

Percentages of hatch«'» of lertilc eggs 
Highest hatching percenhiges 
Lowest- hatching nercentages 
Highest monthly natchlnL . 

Lowest monthly hatching percentages 
Tank incubators hatching percentages 
Hot-air incuhators hatching percentages 


get warm. The incubator must be watched with 
great regularity, the eggs turned morning and 
evening, cooled and aired, turning being es.sential 
to prevent the germ being fixed, as it were, and 
thus arresting or entirely preventing develoj)- 
ment ; it also makes up for any little ditlerenoes 
of temperatUT'o which exist in the egg drawers. 
The eggs should bo exposed to the air for about 
ten minutes in cold weather, or twenty minutes 
in very warm weather. They should be handled 
gently and the worker should be careful not to 
open the incubator more than tAvice in the day, 
* especially when the chickens arc nearly ready 
to batch. The lamp must be filled and tnmmed 
daily, and the tray and damper occasionally 
examined. 

Examining the Eggs. On the seventh 
day the eggs should be examined, using a lamp 
with a strong light to ascertain if they are fertib*. 
Thick, or dark-shelled eggs are sometimes difficult 
to tost ; in such cases, they may bo left a few days 
and examined again. If there is still uncert ainly 
about an egg, it may bo marked, and its progress 
watched and compared with the rest. After 
thirteen days, tho chicken develops rapidly, and 
by tho twentieth day the egg is almo.st entirely 
opa(iUo. The chicken may then be seen to 
moA^e, and one may hear it tap the shell, and 
even chirp w'ithin. 

The eggs intended for an incubator should be 
fresh, not more than seven or eight days old, 
ten being quite a limit ; veiy large, A^ery small, 
or badly-shaped eggs should be rejected, while 
hens’ eggs are preferable to those laid by pullets. 

Foster-mothers and all other necessaries should 
be well examined and cleaned, plenty of fresh 
sand being used for the floors and runs, of AA'hich 
Avc give examples in 62 and 64 . 

Some Results of Scientific Observa- 
tions. There is very little data existing upon 
which absolute reliance can be placed as 
the work of scientific observation. Brief 
reference, however, may bo made to the 
demonstrations by Mr. Edward Brovm, F.L.S., 
the lecturer who is in charge of the poultry farm 
of the -UiMversity College, Reading. Mr. BroAvn 
worked six incubators, all of difTei*cnt types, for 
twelve months, in a specially constructed house, 
whore the conditions as to equability of tem- 
perature and A^entilation were specially favour- 
able, The machines employed were both of 
the tank and the hot air types, and during 
the tw'elve months Mferred to there were 89 
he»tchings, 7»790 eggs having been pU|^ in 


the machine, of which 6,330, or 81 per 
oentjv were fertile. The numljer <lf 
birds, chickens, and ducklings hatched 
was 4,631, or 73 j^er cent. It wais 
found that fertility was lowest in 
February and highest in November, 
whereas the hatching results wore 
higliest in September, and lowest in 
August. The A'ariation in the per- 
centage of fertile eggs hatched from 
montli to month was considerable. 
In August the tigm’o reached 64 per 
cent., in Septeml>er 83 per cent., while 
as regards the hatching of fertile eggs in the 
A’arious machines, the highest. 041 per cent., 
Avos in a tank machine, and the lowest, ,34} 
per cent., in a machine of a similar type. It is 
indisputable that Avhilo in eight months of tho 
year tho highest results Avere obtained from 
the tank machines, the hot air machines took 
the leading position during tho remaining four 
months. 3’here is apparently little difference 
in the rt^sults where machines of various sizes 
are eomparcKi, for Avhile a small machine of 60- 
egg capacity gaA’o a jx^reentage of 79 J fertile 
eggs hatched, a 360-egg machine gave 76J. In 
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neither case, however, Avere so many eggs 
submitted to test as in machines of medium 
capacity, the largest mimber being placed in 
100 -egg and 120-egg incubators, and in these tho 
hatchings reached 71 per cent. 

The fibres in the table, which are a summanr of 
results ootained from incubators at the College 
Farm, will afford most valuable information to 
those who propose to adopt artificial incubation. 

The incubator worker is advised to keep a 
record, and we have, with slight alteration, 
supplied an example form which has recently 
been pid»lielied in the ** American Agriculturist/* 
* (jQTUinutd 
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By PAUL CORDER and ALGERNON ROSE 


THE SAXOPH9NE 

The saxophones, called after their inventor, 
Adolphe Sax, form a group of instnimonts 
resembling in some respects the clarionet; but 
their tone is more powerful and better suited 
to the open air. They also differ materially 
in construction. They are chiefly used in 
military bands, but have lately found their 
way into the concert orchestra, and when well 
played are capable of producing a fine tone. 

Saxophones arc made in six sizes, of varying 
compass : 

Tiio sopranino saxophone in El?, soprano 
saxophone in Bl?, alto saxophone in 
E!?, tenor saxophone in Bb, baritone 
saxophone in Bb, boss saxophone in Bb. 

The first and last are but seldom mc^t 
with. There is also a similar 
series of six made in F and 0, a 
tone higher than the correspond- 
ing instruments in Eb an d Bb, 
but they do not appear to be 
much in* use. 

In order to facilitate matters for 
the performer, and to enable him 
to play on any of these instruments roy 
without the necessity for k^aming ^ 
f welve different fingerings, a uni- 
foiTu notation has been adopted 
for all sizes of saxophone. This 
assumes 
the com- 
pass 

each in- 
strument 
to be ir- 
respective of the real sounds, 
whereas those shown above are 
the actual notes produced only on 
the soprano saxophone in C. For the four in- 
struments chiefly used, the notes below will 
profluno these sounds ; 





Soprano in Bb. 


Alto in Eb. 




m 


tj 

Tenor in Bb, 




Baritone in Eb. 


Thb statement is not strictly correct, for, 
as will be explained later, the two highest notes 


can only be obtained on the contralto and 
tenor saxophones. 

The shape of the saxophone will bo seen from 
the illustrations, which represtmt a Bb tenor 
instrument. It consists of a conical metal 
tube with about 20 lateral holes, which are 
covered and uncovered by means of a series 
of levers and finger-plates. The mouthpiece 
is similar to that of a clarionet, a single reed 
being employed. With the larger saxophones 
the weight is partly supported by means of a 
strap, which is passed round the neck of the 
player and honked on to the instrument through 
an eye [Ic]. The hook, d> is occupied 
by the thumb of the right hand, which 
brings the three principal fingers over the 
jilatcs marked 4, 5, fl. The little finger 
is ready to depress the levers 18, 19. 
The left hand clasps the instrument with 
the three longer fingers on plates 1, 2, 3, 
the little finger controlling the levers 12, 
13. 14. The thumb rests on the plates, 
and works the oct-ave keys 7, 8. The 
73 keys 10, 11 arc manipulated by the 
upiK^r joint of the forefinger and 0 by 
the middle finger. Ix^vevs 15, 16, 
17 are correspondingly managed by 
tlie upper joint of the right fore- 
finger. The only two keys not 
accounted for are those marked a 
and h. These cannot lie operated 
separately, but work in conjunction 
with any of the finger-plates of the 
right and left hand respectively. 
The fingers must never be held quite 
straight, but should all Ik* curved 
slightly, a position which tends to 
])romote agility in passages. The 
clamp, /, is intended to bold a little 
rauMic-clip for use out of doors. In the table 
of fingering which follows it w ill be noticed that 
many notes can bo played in more than one 
way ; to detemime which should be adopted will 
depend entirely on the music, one fingering 
being more suitable to some particular passage 
than to others. This matter the student can 
learn only by experience. 

In the table on the next page the figures 1 to 6, 
above the lino in each hand, represent the keys 
controlled by the first three fingers of either hand ; 
the figures below the lino refer to the extra keys, 
all of which are numbered as in the illustrations. 
7 and 8 are played with the left thumb, 9 by the 
middle finger, and 10 and 11 by the upper joint 
of the forefinger, 12, 13, 14, by the little finger. 
The right hand manages 16, T6, 17 w4th the 
upper joint of the forefinger, and 18. 19 with 
the little finger. 
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The lino8 - in the (able above indicate that matter. The thickness of tiie rood also has 
the finger is to be raised from the key it was considerable influence on the tone — if too thick 
previously occupying. it will l>e loud and difficult to produce ; on the 

This table is to be used in conjunction with other hand, if too thin and soft a weak tone of 
the illustrations, the keys being numbered poor quality will result. The larger saxophones 
correspondingly. On examining the fingering ii>ny have a softer reed than those of higher pitch, 
it will be .seen that the primary compass is a The mouthpiece is to be gripped between the 
little over an octave, hut by means of the keys li|>s, which are drawn somewhat over the teeth 

7 and 8 the whole of these notes are made to for the purpose, the reed lying on the lower lii), 

sound an octave higher ; and the compass is with about a third of its length in the mouth, 
completed by means of extra keys for the last The pressure of the lips will vary witli the pitch 
four notes. The top E and F can only be of the note. The tip of the tongue at the end 

obtained on the alto and tenor instruments, of the reed serves to give an “ attack ” to notes 

and, with some makers, on the baritone. requiring it. This is called tonguing. 

The Reed. The proper management of the The student should begin with a few simple 
reed may give some trouble at first , as the quality exercises in sustained notes, endeavouring to 
of the tone depends mainly on this important obtain an even tone throughout, both in /orfe 

Ex . 1. the lower register 













and piano. These may be followed by scales 
and simple passages, played at first slowly and 
afterwards more rapimy. Slurring two or 
more notes together and detached notes and 
simple tonguing exercises may follow. As soon 
as familiarity is acquired with the fingering the 
scales should bo studied in every major and 
minor key, as well as the chromatic sc'-ale. A 
few easy exercises are given here, and the student 
may construct others for himself on the same 
plan. 

TROMBONES 

Trombones are of two kinds, those with slides 
and those with valves. The latter, on acicount 
of case in learning and fingering, nro extensively 
used to supplement saxhorns in brass bands. 

Valve Trombones. The mechanism of 
the pistons is the same as that for the baritone 
saxhorn ; the method of tuning being also alike. 
As band parts are written in the treble clef, the 


longer study. It is when fatigued that bad habits 
are usually contracted, and, once acquired, they 
are difficult to break. Some students, by persist- 
ing in trying to run up the high notes of a scale 
before walking slowly among the low swunds, have 
spoiled their lips for good playing. If the student 
does not begin with the low notes and gain 
power over them gradually, the danger is that 
too tight a pressure from the mouthpiece at first 
may partially paralyse the lip-muscles. The 
maindififercnce in the valve trombone compared 
with the baritone saxhorn — the fingering is the 
same — is the ringing sound which the straighter 
tubing, arranged horizontally, imparts. Unless 
proportions are exact in internal diameter from 
mouthpiece to l»ell, and the brass is of good 
quality and medium thickness, clearness will be 
lacking, and the open notes will be neither tirm 
nor satisfactory in timbre. 

Slide Trombones. The ambitious stu- 


Btudent will find the instructions given concern- dent, however, will not content himself with the 

ing the saxhorns applicable to the valve trom- piston mechanism. If he has an opportunity of 

bone [page 6130]. The valve trombones are becoming possessed of a slide trombone, he will 

strongly made for Army use, in four patterns, soon perceive that for purity and brilliancy of 

the alto in costing from about £3 Kfe. ; the tone it is far preferable to the instrument with 

tenor in from about £4 4s. ; and the valves. Indeed, the slide trombone takes very 

biiss in G, from about £6 ; whilst some firms high rank in the modem orchestra. Although 

manufacture a special contra-bass in E!?, one of the most ancient, it is the most perfect 

costing approximately £11. Mouthpieces range of all wind instruments, and is therefore 

in price from 48. to 78., whether plated or silver- recognised as the King of the Brass. There is no 

rimmed ; and black or brown leather cases are grander tone than that of a well-played trom- 

to be had from £1 upwards. lK)ne, for it sounds an impressive fortissimo 

In Germany, Austria, and other parts of the without vulgarity, and the most whispering 

Continent, brass wind instruments, instead of pianissimo with wondrous clearness. The beauti- 

having pistons, ore fiirnished with rotary-action ful qualities of the slide trombone are heard to 

keys. The touch, it is claim^, is thereby more advantage — os is the case with stringed instru- 

delicate, and the intonation ments — in a quartet of aceom- 

more accurate. For parade /i plished players, 

purposes, nevertheless, such The Trombone Quartet. 

mechanism gets out order (( Formerly, there was a soprano 

sooner, and is more difficult to * trombone in Bb, playing an 

make right, whereas a piston can valve trombone octavo higher than the tenor in- 

be quickly unscrewed, cleaned, a, ft, c. Tuning sHdos. d. Water key strument. It is still occasionally 
andr^justed. Holding ^ ^ emploj^ for the inter- 

firmly / v, of I'arts in cer- 

with ^the leit hand, leave rvNtnfo sLtpf ^ tain compositions by 

the right free, as in the pz : )j Bach and Mozart-, being 

saxhorn, for monipula- ^ used to double or sustain 

lion of the valves. In wATtMHtv the soprano voices. But, 

the tenor valve trombone, slide trombone (MetBior & Co.) as it is scarcely ever met 

the first note to sound is with in England or 

B?, second line bass clef, this being the easiest to France, we confine our attention to the other 
produce. Avoid attempting to get the upper three members of the family. Of these, the 

sounds until the lip has been exeroised by scales in tenor has the best quality of tone through- 

thelo^r register. Pretotise at first frequently, at out the extent of its scale. It is, therefore, 
short intervals. This will prevent the lip from given first and second parts ; but to make 

becoming tired, and ensure more progress than up the trombone quartet the alto and bass 
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instruments are indispensable. These are all 
alike in pattern, differing only in length of tube, 
which is divided into two 'U-shap^ parts of 
cylindrical bore. The first pait expands out- 
wards at the l)ell, and from the portion of the 
tube opposite the bell projects a brass stay, to 
which is affixed the mouth -tube, furnisliing the 


over the two ends of the first U-tube. At the 
lower end of the slide is the water-key, and at 
its upper end is the stay, extended by the right 
hand of the player for the various “ shifts.” 
In the bass trombone this stay has a hinged 
handle, to enable thci performer to get the 
lowest notes. I^hus, by pushing out the slide, 
the air-column can l>e lengthened with ease, so 
that, in the E 7 alto, notes in the 0 in. or 4 ft. 
octaves can be sounded by a simple movement. 
Likewise, in the tonor and bas.s instruments, tln^ 
2 ft. can alternate with 8 ft. smmds at will. 

It is be(!ause no fixed points, such as piston- 
buttons, keys, or fret«, regulaU^ the pitch for 
different sounds, that — as is the case with the 
violin or the voice — the trombonist must- Ik‘ 
guided by the musi(;al qualities of his ear. 
Every shift transposes the instniment a semi- 
tone lower in j)itch. But if (juarter tones are 
required they can be obtained. As these, and 
even eighths of tones, are employed in certain 
Oriental melodies, the only European instru- 
ments capable of performing them arc^ our 
violins and trombones. On all piston instru- 
ments, as with the piano and church orgtin, there 
is no sensible difference between AJ and B!?, 
Dit and E.^, and so on. On the slide trom- 
l)one, however, aoeomplished players give tlie 
true enhannonic sounds by moving the slide a- 
little higher up for sharjjcned notes than they do 
for those which are flattened. 

Compass. The trombones are not “ trans- 
posing ” instruments, but sound the notes as 
written. Each model has a compass of a 
little over two oi;tavcs, but an octave and a half 
suffices for the best effects. For the alto trom- 
bone in Ef^, the music is written in the alto clef, 
with C on the third line. In this instrument 
the student should cultivate the liigher rather 
than th<^ lower sounds, as the latter arc better 
played by the tenor instrument. The quality 
of tone of ft (iirst ledger line above alto staff), 
C, D, E, and F, is particularly useful. When the 
slide is closed, the notes in Ex. 1 are obtained 



by the lip,* wrtbout counting tlie fundamental 
Ct?, which is unsatisfactory. 

By means of changing the position of the slide, 
the tone extends from A (below second ledger 
line) to Djf (on second ledger lino above staff), 
with all the intervening semitones. The cost 
of the alto in E[^ ranges from £3. 

Tenor Trombone. 

strnment of the family, is in 
written boi-h in the tenor and the bass clef, so 
the student is advised to accustom himself 
cquaDy to both clefs, bv writing out exercises 
printed in the bass with the tenor signature, 
and vicc-versA. The lowest note on the tenor 
trombone is E, first ledger line below bass staff , 
and the higliest is Ajfc over third ledger line 
above staff*. Jn England the price ranges from 
al)out £3 5s. for a well-made instrument. When 
three tenors arc used together, it frequently 
happens that the music is written in three clefs, 
alto, tenor, and bass, the first having C on the 
third line, the second C on the fourth, and the 
third F on the fifth. This makes the parts 
easier to read than when many ledger lines are 
used, as soon os the student has accustomed 
hims€‘lf to the clefs. If habituated to the treble 
<;lef, he has only to imagine in the alto that every 
B Ijecoines a C, every C a D, and so on, an octave 
lower. Tins operation is reversed for the tenor 
clef, with middle 0 on the fourth line. Then 
every C becomes a B, every D a C, and so on, 
an octave lower than it would 1 :m^ in tlfb treble 
clef. By transposing on jmpen' melodies written 
on one clef into another, the trombone student 
will soon acquire the necessary knack, so that 
when he takes his plin^e in an orchestra he will 
have an odvaidage over players, perhaps more 
proficient than hims(*-lf, who have not given 
attention to this matt-er. 

The Importance of the S^ide, The 

superiority of the slide over valves will be evident 
if w^e compare two instruments, by taking two 
tubes of equal length, one straight — such as the 
coach -horn — and the ot her of the same length 
<3oiled up like a bugle. The tone quality of the 
straight instrument is more ringing, and carries 
a greater distance. Inevitably, in piston instru- 
ments, the extra tubing attached to different 
Yiihres, when not used, is so much dead weight, 
impairing the vibration. Moreover, on account 
of the differing length of the air-column within 
the tube, if the second piston lowers the sound 
half a tone, and the third a tone and a half, the 
additional tubing for the half-tone of the shorter 
on-column may bo true when transposing the 
pitch of open notes. But its length will be 
obviously insuflficjient when added to the tone 
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and a half of the longer column opened up by 
the third piston. 

The harmonic series on valve instruments 
thus sounds too sharp w^hen more than one 
piston is used. To compensate for the discrepancy 
a fourth piston is sometimes added in the larger 
valve instruments ; but in the slide trombone, 
as on the violin, the player regulates the length 
of each vibrating segment at will, so that he is 
able to produce truly almost every harmonic he 
desires. The slide trombone, and particularly the 
tenor, is thus more perfect, musically, than any 
other wind instrument. 

First and Second Positions. When the 
slide is closed the trombone is said to be in the fird 
poftition. In a tenor instrument, as mth the open 
notes on a baritone saxhorn, the following five 
harmonic sounds result: Bt? (second line bass 
clef), F, Bb, D, and F above. J^ater on, when the 
lip of the student obtains these notes with 
facility, with a tighter embouohiire, he will get 
the Ab and top Bb. At first, however, the lip 
should never be forced unduly. 

Having mastered these sounds, Iwginning with 
the Bb,and not resting satisfied till the F above 
is produced clearly, as well as the octave Bb 
and tlie tenth, %vith increased tension for the 
higher notes, the lip may be excrcisi^d by chang- 
ing the order of the sounds. At first it is well to 
give a separate breath to each note. Play in 
slow time, counting four on every one sound. 
Then shorten the duration of each note by count- 
ing, mentally, two for every one ; and, finally, 
got the five notes clearly on the five beats. 
After transposing the order, triplets and dotted 
notes may be practised in slow time. Do not 
attempt double or triple tonguing, nor waste 
time exercising to got a trill by moving the slide 
in and out. [Ex. 2]. 

In different makes of instruments the dis- 
tance to which the slide should be extended 
slightly varies for the different positions. 
Generally speaking, what is knoMU as t he 
‘‘ first shift ” (analogous to putting down the 
second piston on the baritone saxhorn) is three 
and a half inches, or 70 millimetres from the 
first position when the slide is closed up. This 
gives the second position. 

Attitude. A word here may be said regard- 
ing the attitude of the student. His head and 
body should be erect. The instrument must be 
gasped firmly without unnecessary movement, 
keeping the left arm to the side. Although in 
some instruments the elbows may be kept close 
to the body, there should be no pressure on the 
ribs in trombone playing, or breathing will be 
impeded. The thumb and middle finger of the 
left hand hold the cross -stay nearest the player, 
whilst the first left finger nooks itself over the 
second stay, so as to regulate the pressure of 
the mouthpiece on the lips. The other two 
fingers should be bent over gracefully. As regards 
the right hand, the thumb and forefinger hold 
the stav crossing the near end of the trombone 
slide, the fingers being olosed and not opened. 

When in {^tion the main tube, which canies 
the bell, passes over the left shoulder, and the 


MUMO 

sDdo should be held slightly downwards, as 
remote positions are then easier to obtain 
accurately and the strain is loss on the upper 
lip. At the bond of the tube over the left shoulder 
is the tuning slide, whicn should be kept in good 
order. If the pitch of the instrument is too sharp, 
it can be corrected by slightly pulling out this 
part. ^ regards choice of mouthpiece, the 
student is referred to the remarks made on that 
subject in tlie Saxhorns [page 5131~2J, as also 
for the method of blowing. 'Die tongue, liowever, 
must not give any stroke before the slide is 
extended or contracted to the position required to 
produce the note to be played. It is only by con- 
stant practice that the forearm and wrist will 
move with the necessaiy suppleness and stop 
without hesitation at the exact point required. 
JMilitary ti'ombone players are apt to cultivate a 
hard, brassy tone, which becomes disagreeable 
in the corioort-room. Having sounded, with the 
slide closed, the Bb, F, Bb, D, and F above 
(articulating the syllable “ too ” by a movement 
of the tongue as if expelling a bit of fluff from the 
mouth), by extending the slide to the first shift the 
harmonic series will be found lowered a semitone 
in pitch. 1.1io low note, therefore, should now 
be At|. Get this clearly. Then sound the E above. 
Next obtain the octave A ; afterwards the 
temth, or Off ; and, finally, the twelfth, or E. 
Tlie tone is thus transposed from Bb, vith two 
flats, to the key of A, with three sharps. 

As before, having obtained the five sounds 
distinctly, change their order, practising the 
fifth witli the keynote, the twelfth, octave*, tenth, 
and so on, varying the rhythm and increasing the 
sjieed as the lip gains in flexibility [Ex, 3]. 

Third Position. By extending the slide 
about seven inches from the first position, the 
student gets to the “ second shift.” analogous 
to putting down the first piston of the baritone 
saxhorn. The instrument, therefore, giving as its 
low not© Ab, has now transposed itself from a 
sharp to a flat key, with four lowering signs — 
B, E, .A., D. The first note to sound is therefore 
Ab, first space bass clef. Above it comes the 
fifth octave, tenth, and twelfth from the tonic, 
orEb, Ab, C and Eb. Blow these sounds care- 
fully without forcing them, practising the three 
lower ones before attempting the two higlicu*. 
Construct exercises on these five notes. 

Fourth and Fifth Positions. Extending 
the slide about lOjJ in., the student reaches the 
“ third shift,” giving the same sounds as when the 
first and second pistons in the baritone are put 
down. The low note is now G 1}. So the fourth 
position brings us into an easy key so far as con- 
cems the reading of notation. ^5et this low G 
(first line bass clef) with a full, mellow^ tone, and 
then the fifth, octave, tenth, and twelfth above, 
or D, G, B, and D, In learning the harmonic 
series on the different positions, the student will 
find assistance by transposing the different Army 
bugle-calls into the various keys of the positions. 
Try the Sergeants’ Barrack Call [Ex. 4 ]. 

The fifth position is otherwise ^own as 
the “ fourth shift,” and gives the same sounds 
as when the second and third pistons are put 
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down together on the baritone. Extending t)i(' 
slide 14 in., the low note will now" he O I?, or F 
so that there is a choice of a kt'y Avith <‘ither six 
flats or six sharps. Sound low G ? , with T) t? , B t’ , 
and Dl7 above, practising especially the three 
lower notes till they are sounded with facility. 

Sixth and Seventh Positions. Pushing 
out the slide 17J in. gives us a fifth shift, with 
sounds similar in pitch to those of tlu? bariUmt* 
when the first and third valves are x*ot down. 
The harmonic sorios is now in the key of F— a 
favourite in military music, w"ith one fiat, B. 
Sound low F, with (.*, F. .A, and C above. Try 
the “Sergeants’ Dinner Call” [Fx. 6]. 

Extending the slide 21 in., we get the “ sixth 
shift,” or extreme position, as when all three pi.s- 
tona are down on the baritone. This lowers the 
sounds from F to E El, so that the key has now* 
four sharps instead of one flat, the low nott‘ 
Ixung E, first ledger lino below bass staff, and not 
E 7, as is sometimes written by composers. Soun<l 
the low E, with B, E, f x J, and B above, practising, 
with the first, the intervals of a fifth, octave, 
tenth, and twelfth. As an exercise, we give the 
ojiening bars of the “ Last Post ” j Ex. 6]. For 
a shilling, the student can get all the Army 
bugle sounds. If he does this, ho will observi^ 
that, as the calls are written in the treble ckd in 
C, for this position he has merely to obliterati^ 
that clef and add four sluirps, and the notation 
is precisely the same for the bass. For the sixth 
shift, he thus has plenty of exercises admirably 
adapted for familiarising him with tlie correct 
sounds and articulation of the five notes. 

Inserting Thirds^ Knowing that this 
is a chromatic instrument, the student, noticing 
the skips in each series from the keynote to the 
fifth, from the fifth to the octave, and thence 
to the tenth and twelfth above, will .he eager 
to understand how the missing sounds are 
filled up. If he endeavours prematurely to 
attack the chromatic scale his mind will become 
confused. He must lie content, therefore, not 
to rush at the problem, but to master the 
instrument gradually. That interval most 
required is the third. If he inserts this neatly 
in each series, meanwhile, he will be going in 
the right direction. Having closed the slide 
and returned to the first position, a third 
above B7 is D. This, it will be remembered, 
is the second note in the fourth position, or 
third shift, or a fifth above G, Sound 
the Then advance the slide I in., so 

that the D is given clearly. Pla;(nEe8e two 
notes slowly in succession and gradually quicken 
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the pace. Sound the low BC>, following it by 
1), in the third shift ; return to the first position, 
sounding F, B!7, and 1) above, the second D 
l)eing in the iirst position. Then descend the 
series in like manner, extenditig the slide accu- 
rately for the lower D. In the same way, the 
missing third in the second position will bo 
soun(l(‘d by extending the slide to the fifth 
position ; that lacking from the third position 
by expanding the tul)e to the sixth ; that 
absent from Ihe fourth position will obtained 
from the seventh ; that missing from the fiftli 
will bo found in the first ; the third absent 
from the sixth sounds on ititurning to the second ; 
and the third which cannot 1 x 3 produced in the 
seventh is elicited on coming to the third. 

When once the mind of the student grasps 
the idea of the principle governing the manipu- 
lation of the slide for the insertion of the thirds, 
ho has practically filled up the whole diatonic 
w'ries of notes for the perfonnanec of all the 
major scales. But be must work first on the 
thirds, constructing exercises to familiarise 
himself with the most usual shifts. A little 
thought will enable him to do this. If in- 
genuity liKiks, many cheap instruction books 
may be obtained. Tlie^se, however, usually give 
the exercises without the explanation which a 
nuister is supposed to supply. Nevertheless, 
the best teachers have b^n the readiest to 
wcognise the importance of self-culture and of 
stimulating the student to acquire knowledge 
by the active exercise of his own faculties. 
Mere passive perception of details of knowledge 
may answer average requirements, hut the l)est 
master in the world cannot make a good musician 
if the student shrinks from using his intelligence. 

Scale of Bt?. Get the low B!? in the 
first position. Use the sixth for C j^, this being 
the second harmonic in that series. Now slide 
to the fourth position for the D, and the third 
for the Et?. FQ is obtained in the first posi- 
tion. So far, except the first, the notes have 
all haen second of their harmonic series. With 
somewhat more tension on the lip, get the G 
on putting the slide in the fourth position and 
sounding the third harmonic of that series. 
Then got to the second position for the A, 
produced equally on the sixth, but with a 
tighter lip. For the Bb, return to the first 
position or go from the sixth to the fifth. 0 is 
sounded in the third or the sixth position. 
Bb is obtained in the first or fourth. Eb is 
the fifth sound in the third position or the 
sixth in the sixth position. 
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Finally, Ftf above i» the fifth sound in the 
first position, the seventh in the ‘sixth, or the 
sixth in the fourth. Return in the same way, 
and when low B b is reached, the A beneath it 
can be obtained in the second position, the 
G in the fourth, and the P in the sixth. Then 
return to the B b to complete the scale. 

C Major. The first nolo, second space bass 
clef, or first space below tenor staff, is obtained 
from the sixth position. D above is the second 
sound in the fourth position. Etf is obtained 
in the second position and F in the first. G is 
the third sound in the fourth position, A the 
third in the second, Bti the fourth in the 
fourth position, C the fourth in the third, I) 
the fourth in the first, E the fifth in the second, 
F the fifth in the first, and G the sixth in the 
fourth. This is as high as the student should 
attempt. Return in the same way. 

The Relative Minor. Write out the 
foregoing exorcise both in the boss and tenor 
clef, putting the numbers of the positions over 
each note. If we now take A minor, the low 
sound in the second position gives the first 
note. Extend the slide to the seventh position 
for the B, which is the second sound in that 
series. Then bring the slide to the sixth 

r ition for the C above, to the fourth for the 
^ and the second for the E. For F ^ extend 
the slide to the fifth, that being the third note 
of the series, and bring the slide to the third 
position for the GJ. Draw it to the second 
position for Ajj, and extend it to the fourth 
for the B. The third position will tlien give 
the C, the first the D, and the second the E. 
That is the limit. Returning, sound the top 
E, D, C, B, and A as before. Now G B will be 
the third note of the series in the fourth position, 
instead of G ^ in the third, while F tf is the 
second sound in the first position instead of the 
third in the fifth, which gave Ft Get the 
E, D, C, B, and A as before. 

The instructions given for cleaning saxhorns 
apply equally to the trombone, but the sim- 
plicity of this instrument renders it much more 
easy to keep ift order. The water- key should 
be used to let out the moisture condensed with 
the breath at intervals during playing. On 
conclusion of practice the slide tube sliould 
be detached and inverted. Unlike the violinist, 
the trombone student has no strings to adjust, 
nor has he, like the clarionet, oboe, or bassoon 
player, any reeds to trouble him, nor keys to 
clean. 

BASS TROMBONE 

Thk instrument extends the compass of the 
tenor four semitones downwards to G second 
ledger line below bass clef. Its great value is 
that, in sustaining chords, the slide instrument 
is distinguished by remarkable depth of power 
and sonorousness impossible to obtain from the 
smaller members of the same family. As the tube 
is longer and the instrument heavier, the student 
who takes up the bass trombone ought to be 
strong-chest^ and strong -lipped. The manner of 
holding the bass trombone is similar in method 
to the attitude described for the tenor ; but for 


extreme positions the right hand manipulates 
the handle, which is hinged to the stay at the 
top of the slide. Be careful, on account of the 
weight of the instrument, that the grasp of the 
left fingers on the other stays is firm, so that the 
mouthpiece may not bo jerked from the lips, 
and the embouchfire upset, by undue thrusting 
forward of the slide by the right hand. 

The Seven Positions. As in the tenor or 
alto so in the bass trombone, there are seven posi- 
tions or six shifts. In the G trombone the instru- 
ment is in the first position when the slide is 
closed, analogous, in an instrument with pistons, 
to the open notes of the latter which sound when 
no valves are used, with this result : G (first line 
bass clef), D (third line), with G, B, D, F, and 
G above. On the long tube, therefore, seven 
harmonics, the last giving the double octave 
from the low G, can be produced by tightening 
the lips after a fair amount of practice. 

On a G valve trombone the pitch is flattened a 
semitone, throughout the harmonic series, by 
pressing down the second piston ; or when the 
slide is moved forward in. the result is the 
same, as we then have the last -mentioned notes 
preceded by flats. This gives Ihe second posi- 
tion. Write out each position on paper. 

On a piston bass trombone, the open pitch is 
flattened (for the third position) a whole tone 
by pressing down the first valve. On a slide 
instrument, move the stay about 9 in. from 
the first position. The harmonics then obtain^ 
are F (below bass staff), with C, F, A, C, Eb, 
and F above. 

By pressing down together the tiret and second 
pistons, or the third alone, a G valve trombones 
is flattened a tone and a half. On a slide instru- 
ment, extend the stay about 1.3 J in. Th(‘ 
resultant tones are then E (first ledger line 
below staff), with B, E, G B, D, and C above — 
the fourth i)osition. 

Fifth Position. Depress the third and 
second pistons together. This flattens the G 
valve trombone two whole tones — the fifth posi- 
tion. Extend the slide — on an instrument with- 
out valves— about 17^ in. The harmonics then 
obtained are similar to those of the last position 
preceded by flat signs. 

Putting down first and third pistons together, 
the pitch of a valve instrument is lowered 
two tones and a half — the sixth position 
Without valves the slide must be extended 
21 J in., the harmonic series elicited being D 
(telow first ledger line), (a fifth above), D (an 
octavo above). Ft (a fifth above), A (a twelfth), 
C (a fourteenth), and D (a fifteenth from the 
tonic D). Thus it will be observed how in 
cylindrical tubing the harmonics soimd closer 
together as the pitch ascends and each vibrating 
segment diminishes in length. 

To get the instrument in the seventh position, 
simultaneously depress the three pistons. This 
flattens the instrument three whole tones, thus : 
One tone by the first valve, a tone and a half 
by addition of the second, and another tone and 
a half with the third down, or three together. 
This effect, however, is produced more truly on 
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a slide instrument by extending the stay, with 
the handle, a distance of 26 in. This is 6 in. 
more than was necessary on the tenor. The 
notes last mentioned are now flattened a semi- 
tone, so that the lowest sound, DP, gives the 
enhannonic C Jf, or bottom limit to the compass 
of the trombone family. In actual playing, 
except for its two pedal notes, this position is 
seldom employed. 

Diatonic Scale. Having begun with the 
pistons up, or the slide closed, and obtained 
clearly the harmonics in the first posit it ai, 
then, having practised the shifts without tiring 
the lip with the up[)cr notes — ('specially in the 
fourth, lifth, sixth, and seventh positions — the 
student must endeavour to masUir tlu^ scales of 
BP major. We give it with the fingering above 


Ex. 2. 



the staff for the fJ valve trombone, and with the 
positions marked undenieath for the slitle 
instrument [Ex. 1]. 

Intervals. The manner of inserting thirds 
in the tenor slide trombone equally applies to 
the bass instrument. In addition to thirds, the 
student, however, should familiarist^ himself with 
other intervals. At first, every su(?h exercise 
should practised slowly. If the scale of BP 
major is taken, B ^ (second line, bass clef), as 
we have seen, will be sounded in the fifth position. 
Rotnni bj the Til’s t position to obtain the D, a 
third above. C (second space) is easily sounded 
by the slide resting midway in the second 
position. In exercising the lip, got, therefore, 
the intervals of seconds and thirds in succession 
by playing clearly and softly B P, C, D, and B t?. 
Before proceeding to treat the second degree of 
the scale in the same way, take a fresh breath. 
Wound C, as before. Get the third above (EP) 


by putting i^e slide in the fifth position. Connect 
the two intervals by the D, with the slide close 
up, and return to the C. Again pause. 

Proceed to the third degree. Sound the D 
as before. F (a third above) is obtained by the 
third position. To insert the E between these 
notes, extend the slide to the fifth position. Then 
return to the D. Take a fre^h breath and start 
again on the E Get the G, a third above, by 
bringing the slide to the first position. Insert 
the F, and return to the EP. Next, try the F 
(third position), following it by the A above 
(also in the third), but inseil- the G by closing the 
slide in the first position. Take a short rest before^ 
sfriking, with a firmer lip, the G on the fifth 
space. Get the B a third above, by extending 
the slide to fh(^ second position, and insert the 
A by going tt') the third. There is no need for 
the beginner to proceed beyond the B P . Inter- 
vals of fourths, fifths, sixths, sevenths, and 
octaves should be treated in similar fashion. 

Chromatic Scale. Transpose the scale 
above on paper into the other major scales. Mark 



tho same 
flats 
flesoending 


the fingering of each note, or the position, by 
referring to the particulars already given. But, 
in order that the student may bj able to play 
correctly the keys containing sharps or flat« not 
yet mentioned, as well as minor scales, we give 
the fingering for the valves, and positions of the 
slide, for the chromatic scale throughout the 
entire compass, using sharps in ascending and 
flats in descending [Ex. 2]. 

Amongst the great composers who have given 
most prominence to this wonderful family of 
instruments may be mentioned Wagner, Strauss, 
Gluck, Beethoven, Rossini, and Moswirt. 

The Cost. According to the quality and the 
particular make, so the price of a G trombone 
varies, but a good bass instniment may be 
obtained from £3 10s. upwards. On account of 
the extra mechanism, a valve instrument costs 
from £5 upwards. Mouthpieces and cases are 
similar to those for tlie tenor. 


Saxophones and TrombOjNes cmdvded 
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cooling of the molten part of the earth’s 
surface produced tluj ignc'ous rocks, ’w hile the 
rain and decomposition due to ’weather produced 
the sedimentary rocks and soils. Among the 
igneous rocks we may include lava, basalt, 
granite, etc. Among sedimente-ry — or aqueous, 
as they ore rightly called — we may include sand- 
stones, greensand, limestone, chalk, gravel, cloy, 
and the soil itself, as surface or subsoil. 

What a Pound of Earth Contains. 
>Surface soil is largely an organic composed 
of decaying vegetable and animal matter. 
The subsoil is composed of inorganic debris of 
rocks only. Soils are constantly moved up and 
aerated (like cuiTents of air) by the labours of 
earthworms, moles, ants, etc. 

The surface soil is so full of bacteria that it is 
calculated there are some 500,(KX1,000 in every 
pound of earth. These have the power readily 
to decompose organic matter into nitrates, 
nitrites, ammonia, carbonic acid and water. 

Vegetables, unlike men, cannot assimilate 
nitrogen from complex bodies, but only when 
these are split up. 

Certain vegetables (legumes and cereals) can get 
their free nitrogen, without ammonia or nitra- 
lieaticm, by means of bacteria that, form nodules 
and colonies in their rootlets, and supply it to 
their hosts. They have to bo fed with a carbo- 
hydrate, and fix the nitrogen in proportion 
as they use up the former. Nit^gen, os these 
microbes are called, is sold for fertilising grain 
and bean crops. No less than seventeen different 
solutions of germs for seventeen varieties of crops 
are made and sold at 2s. 6d. per bottle, two bottles 
fertilising an acre, and enormously increasing 
the yield. Earth entirely freed from bacteria is 
sterile and will not nourish plants. 

The pathogenic or disease-bearing bacteria 
common in the soil are those of tetanus or lock- 
jaw (very common in garden mould), typhoid, 
glanders, anthrax, and cholera. Tlio surface soil 
is thus a great laboratory for germs and w'orrns. 

The Effect of Soils on Health. Clay 
produces rheumatism, catarrhs, neuralgia ; 
alluvial soil, malaria ; gravel and chalk arc 
excellent for health. Old S windon is on limes! one 
and sand and New Swindon on heavy clay. The 
^’ases of measles in New Swindon are 20 to 1 com- 
pared with the other town, and chest diseases are 
one-third more. The looser the soil the higher the 
temperature, and the frost does not strike ho deep. 

Air in the soil varies according to the soil 
In sands it may be os much as 50 per cent. It 
, generally resembles the air above, but, inas- 
jmuch as the composition of the air is variable, 
being a mixture and not a compound, it is not 
exactly the same. It is alwajra more impure, the 
oxygen is less and the carbon dioxide is more with 


the increasing depth of the soil from the surface. 
The proportion of nitrogen remains constantly in 
the same proportion as in the atmosphere. The 
excess of impurities and carbon dioxide in th(^ 
ground air is so great that it is dangerous to lot 
it enter the house, as it does at times. The 
carbon dioxide always increases after rain. 

CroQiid air moves by tcmperaluie, pressure, 
rain, and subsoil water. After heavy rain it 
may bo ftu’ced out in dry places such as basements, 
and so enter the house. Besides this, dwellings 
are warm, and thus suck tlie ground air in. Gas 
has been known to be drawn into a house from 
a burst pij)e 20 ft. distant through the soil. 

Water in the Soil. The moisture in the 
earth at ccri.ain depths, increasing to saturation, 
forms a continuous sheet of water at from a 
few inches to 100 ft. below the siu*faoe. Above 
this level the soil is kept moist by rain ; below 
this level by capillary att raction and the evapora- 
tion of the water below. 


Subsoil water is always slowly moving to- 
wards some outlet. Rising subsoil water is 
dangerous, os it forces the air out of the soil and 
leads to the possible pollution of shallow wells 
by connecting them with neighbouring cess- 
pools. Falling subsoil water loaves the soil 
moist and full of air. 

All soils hold water in proportion to their 
permeability and absorption. i’heir jiermea- 
bilityis the speed of percolation through them; 
clay is the slowest; chalk, gi’consand, and sjnnd 
the* (quickest. Below is a table of the absorption 
of water in soils. 


PtT (;o»L. 

(JraniU* . . . . *1 to *4 

SlaU’B . . . . *2 ,, 10 

|jiiiu*stoiie . . f> „ 1C 


Per cent. 

Saiid'^tone . . to H 

C;halk . . . . 15 „ 2(1 

Marl aiul loan) .. 30 ,, 50 


MoivSture in soil increases with the amount 


of organic matter. Tf the subsoil water be within 
5 ft. of the surface it is in jurious to health. 

In summer there is little percolation. The 
ground water begins to rise in November, and 
roaches its maximum about March, decreasing 


towards the summer. 

A permanent level of subsoil water is much 
better than one that fluctuates ; and a low level 
is beat. The level of subsoil w'aler can be testcnl 
by cups flxed in a rope in the well. Uniform 
depth of water in a well shows the level of sub- 
soil water. The rise and fall of the water was 
discovered by Pottenkoffer to be the cause of 
typhoid in Munich. 

To lessen and carry it off there require to be 
large, porous drainage pipes laid 3 ft. below^ 
tlie surface and 6 ft. apart — quite distinct from 
all drainage. Damp soil signifies air and water ; 
ground water means all water and no air. 

Loose sand holds 2 gallons of water per 
cubic ft. Sandstone holds 1 gall. The subsoil 
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water in Austria moves up and doum with the 
Danube, though it is three-quarters of a mile away. 

Sites for Houses. A good site requires 
pure air, no dust, level ground, sunshine, an even 
temperature, and no strong winds, and should be 
away from motor-haunted highways or byways. 
Valleys should be avoided and depression and 
pockets on levels. A slight elevation is good — on 
the spur of a hill er terrace. Houses should not he 
built under the side of a hill. The soil and sub- 
soil should be examined ; there should be no gravel 
pockets <'n clay, which are always very damp. 
Clay with sandstone is good. Peat and organic 
refuse, “made” and alluvial soils are bad. 
Sandstone and gi*nvel is often damp — limestvme 
is best Soil made up of “ shot ” rubbish should 
never be used. 

The side of n hill is, of course, warmer than 
the valley, because AvhiU^ the warm air rises the 
cold slides doun the hill. In a valley the fogs 
lie and tlie frosts are always keen. Theiv- should 
always bo shelter from the prevailing wind of 
the district. 

There should be free circulation of air, sheltered 
from the north and oast by rise of land or belt 
of trees. The site should not be near a brickyard 
or graveyard, or a sewage farm or infectious 
hospital. The worst site is a hollow of bad 
gravel on a clay substratum and high subsoil 
■water; the best is at the top of a slope on sand 
or gravel, with low permanent subsoil w^ater. 
A site on the banks of rivers is not very 
healthy. Porous soil is l>est, and, next to that, 
rocks, granite, clay, chalk. Subsoil water is 
best 15 ft. below the surface, but should not be 
less than 10 ft. 

Three points should be remembered — the 
aspect and exposure to wind, sun, and air, the 
nature of the soil, and the surroundings. 

The amount of sunshine received in a room 
facing east is five hours in th(^ morning, except- 
ing in winter ; facing south-east, eight hours in the 
summer, and three in winter; facing south, from 
7.30 a.m. to 4.30 p.m. ; facing south-west, from 
10.30 all day; facing west, from 1.30 all day. 

Warm Climates. Wo now turn to the 
question of climate. A warm climate has a 
temperature of from 80° to 84°, and produces sun- 
stroke, cholera, yellow fever, etc. A temperate 
climate has a temperature of from 50° to 60°, 
and produces ordinary English diseases. A cold 
climate has a temperature of from 32° to 40°, 
and produces scurvy. 

Warm climates are good for people suffering 
from lung diseases and rheumatism ; hot climates 
for abdominal diseases ; cold climates for lung 
diseases. Continental climates (as Asia) are cold, 
and the West wind is cold and South hot. Insular 
climates (Europe) have a mild West wind and 
cool South. Mixed climates (North America) have 
a cold West wind and a cool South. Hot climates 
enervate, because the tissue changes are so slow ; 
one is more healthy where they are rapid. The 
most unhealthy climate is that on the coast in 
the tropics. Tropical climates are very much 
more unhealthy than they need on 

account of the effect which heat h!^ on filth. 


Humidity in the air increases the effect of hot 
climates and* lessens that of cold, because it 
retards the evaporation. 

In a very dry climate evaporation is too great. 
In health, 75 per cent, of saturation in the air 
is best. The wind increases the evaporation. 
For people between 40 and 80 years of age, the 
colder temperature is the more healthy. 

The Healthiest English Climate. A 
hot summer and a high death rate go together. 
A rise from 58° to 62° in summer will 
often bring on an increase of 15 per cent, in 
the death rate. The healthiest permanent 
English climate is from 50° to 55° F. Europeans 
do not flourish when the mean temperature is 
20° above our own. Gold that may be well 
borne in health cannot he borne in sickness or 
old age, but in phthisis is w(4l withstood. 

Shade heat is woi*so and harder to bear than sun 
heat. If the sun heat be 120° the shade will 
be 90°. Winds also affect climates ; the Fohn, 
Mistral, the Sirocco, and the East wind are 
examples of tliis. 

The climate of the sea is equable, while that 
of continents is unequal. Drainage raises the 
temperature by drying the land. All vegetation 
increases humidity and tends to lower tempera- 
ture. The electrical state of the atmosphere is 
also a factor in climate. 

Warm climates are of three sorts — humid, as 
Madeira ; moderate, as New Zealand, Great 
Britain, Algiers ; dry, as the Riviera and 
.\ustralia. 

Island and shore climates are the purest and 
best and are full of ozone. They are excellent for 
convalescence, scrofula, and depression, but not 
for irritable nerves. 

Climate by the Sea. Ocean climates are 
good for lung diseases. England, with a range 
of temperature of 20°, is most healthy. 

On the shore, the breeze is generally from the 
woa from sunrise to sunset, because the land 
radiates heat quicker than the water. It is 
from the land from sunset to sunrise because the 
earth cools more quickly than the sea. 

In districts near the sea there will be a great 
rainfall, no dust spores, but light variable winds. 
It is good for lesidonce, and increases the 
expansion of lungs and the rapidity of tissue 
changes. It is good for phthisis, overwork, 
general convalescence, and as a prevention of 
cholera. It is not good for bronchitis, heart 
disease, chronic rheumatism, or old age. 

The climate of woods and forests is cool but 
equable and sheltered, and is good for chronic 
bronchitis, heart disease, and irritable nervous 
diseases. 

Desert climate, as at Holouan and Assouan, 
is good for chronic rheumatism. 

The vital activity varies with the season of the 
year. In winter and spring respiratory diseases 
are rife ; in winter the vital activity is at a 
maximum ; in spring it is at a maximum and 
decreasing ; in summer it is decreasing to mini- 
mum ; in autumn it is at minimum and 
increasing ; in summer and autumn digestWe 
diseases are most rife. 
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' I^HE niaohino tools wliicli have been previously 
treated are all of fixed ty]ic — that is, tlicy arc 
fastened down to the floorin'? of the shop or upon 
s})ccial masonry or concrete foundations. In all 
such cases the work has to be taken to the machines 
to be tooled. 

There is another important class of machines, 
the use of which is rapidly increasinp:, that of 
the types, which may be carried aliout any- 

where and set to work on massive pieces, or upon 
light jobs. Two main reasons may be cited for the 
employment of such machines. In the case of very 
heavy castings or forgings, it is often inconvenient 
and costly to move them about the shop to the 
different, tools, and difficult to adapt the latter to 
operate suitably ; and on large mechanisms in course 
of erection the fixed tools cannot be brought into use. 
Apart from the trouble of carrying massive castings 
to and fro in a shop, there is tlie question of cost 
of machines, which, to hold such work, would 
need very large beds or tables, and arms or rails 
of great span to reach over and out upon the 
various portions. In following such methods, 
there would also bo a lot of re-setting and 
clamping to ensure the different 8<^ctioiis being 
tooled correctly, which setting would often 
consume more time than the actual cutting, 
on account of the awkward shapes, necessita- 
ting much packing and blocking up. 

The Uses of Portable Tools. 

Again, after the erection of an engine or other 
mechanism has begun, there is frequently a 
good deal of machining to be done as the 
work progresses, es|ieeially drilling of holes, 
the locations of whiijli cannot be determ iiu^d 
at the l)eginning. If no portable tools 
were available, the work would have to be 
done with band tools, or the portions dis- 
mantled, and taken back to the maehiiie shop, 
obviously an unoconomical procedure. In 
those works which are unprovided with suitable 
porta, bio machines one often sees a good deal 
of chipping and filing done on the smaller 
areas, to avoid sending them to the shop, and 
a large amount of drilling and reamer ing 
effected with the ratchet brace, worked by 
hand. Both of these methods are slow, and 
not always accurate, so that a demand has 
^own for s}3ecial tools that can be taken to the 
job, and affixed to it in any position, to plane*, 
shape, slot, mill, drill, ream, tap, grind, or 
polish any sections. Tliese portables are of 
comparatively small siZiC, and correspondingly 
cheap by comparison with big fixed machines, 
with their expensive foundation, and their 
handiness is such that an operation may be 
completed in certain instances long before the 
job could have been taken to a fixed tool, 
set oorreotly, and bolted down. It is a case 
of adjusting the tool to the work, instead of 
vice vers4. The amount of power consumed 
in moving the light parts of a portable machine 
is less than that required by a fixed class of 


lUtK'hinc of similar capacity, the advantage being 
due to the ditfererice in mass. 

Types of Portable Machines. There 
are three kinds of portable machines — those placed 
upon a plate in the shop and moved about around 
the work, those which arc attached direct to the 
work, and the light ones which arc simply hold in 
the hands and presented to the work. The last 
method is possible only in tlie lightest classes 
of operations, and is confined chiefly to drilling 
and tapping, chip})ing, caulking, riveting, and 
grinding. The question of whether the tool sliall 
be attached to the work or to a )>lale alongside 
is often one of relative convenience, and may 
dp])end on the character of the operations to bo 
])erformed. If a large casting has to be planed, 
shaped, or slotted, and then drilled or milled on 
various faces, it is b tter to fix it firmly, and shift 
the tools about into lifferent positions to suit the 
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requirements. This is called floor or surface plate 
work, and is carried out most extensively in the 
large electrical factories, building d^mamos ranging 
up to 30 ft. or more in diameter, the segments of 
which are handled on floor-plates. Engine builders 
also employ floor-plates for tooling some of the mas- 
sive becls, standards, and flywlieels. 

Floor«plates. The floor- plate provides a 
large, flat area, upon which work may l>e set 
accurately, and held, while the machines are placed 
whore desired to oiwrate on the different parts. 
The plate is practically one large foundation or 
liable common to a number of machines, instead of 
belonging to one only. As the accuracy of the work 
done de]K'nds on the condition of the plate, it is 
constructed strongly, and sot with great care. 
Cast iron is the material used, and it is built up 
with a number of sections bolted together to form a 
sufficiently large area to carry one big piece of work, 
or several sets on different j)ortion8. Figure 97 gives 
a plan and elevation of a moderate-sized floor-plate 
( Francis Berry & Sons, Sowerby Bridge), measuring 
20 ft. by 14 ft. It is of hollow form, 1 ft. 2 in. in 
depth, and provided with longitudinal and c*.ross 
ribs, seen dotted. The plate is built up in two 
pieces, jointed along the centni with a tongue and 
groove, and secured witli forty bolts. There arc 
2S longitudinal tee-slots for l}-in. bolts by which 
the work and the p(»rtable macihines are secured. 
Gaps are made at three locations, as seen in the plan, 
to enable bolts to be lowered into the slots and 
moved along to position, instead of having to start 
them from the end. and slide them right along. 
Apart from the time th\i8 saved, it might often 
hapf>en that a slot would be covered by some 
portion that would prevent the bolts being slid 
past. The top of the plate is planed all over, and 
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the edges are also planed to serve as gukleB to 
sot by. The term marking-off table is also applied to 
this plate, because from its true face surface gau^s, 
squares, etc., may be operated to mark out work ny, 
just as it is done on the smaller marking-off tables 
in the machine shop. These instruments are also 
employed to set the castings, etc., truly upon the 
plate in readiness for the tooling. It is obvious that 
with a job thus placed upon its plate, and machined 
by tools also resting on the plate, the results must 
be as true as though the piece was set on an ordinary 
I)laner or slotter or drilling machine, 

A Large Floor-plate. Plates larger than 
this example are necessarily built up of a number of 
pieces fastened together. Probably the largest plate 
in use is that of the Westinghouse Electric and 
Manufacturing Co., at Pittsburg, em])loyod for 
the machining of large generators. It measures 
170 ft. long by 48 ft. wnVle, and is composed of 132 
sections, each 8 ft. square, boiled and keyed together. 
An ample foundation is afforded by brick piers, 12 ft. 
deep, standing on a bed of concrete, 3 ft. 0 in. thick, 
the piers being spaced 4 ft. apart, and connected 
by brick arches. All the space between is filled in, 
and finished with concrete, the top of which conics 
about 5 ft. bi‘low the underside of the floor- plate. 
The object of this is to form a chamber into which 
cuttings may fall through holes in the bottom of 
the tec-slots, and be removed by doors communicat- 
ing with the chambers. The latter may be flushed 
out with water when necessary. Powerful travelling 
cranes run overhead above the plate, to handle the 
work and the machines on it. The total weight 
of the cast iron in the plate is about 1,000 tons. 

Between such a plate as this and the one in 97 
various sizes are made, according to the require- 
ments of the shop. Even if the work handled is not 
very large, the plate may have a considerable area, 
in order that two or more sets of work may be i)ut 
on it at once. If there are not enough machines to 
operate on all the pieces simultaneously, the advan- ^ 
tage is still gained that sotting and bolting down 
may proceed at one part of the jilate in readiness 
for the tools when they are free to leave other woi k 
elsewhere. 

Floor-plate Work, The photographs show- 
ing views of floor- plates in operation will help 
the reader to understand the methods of working, 
and the drawings of the portable machines following 
indicate the features which are s|)ecial to these types. 
Figure 99 gives a general view of a portion of the 
floor-plate at the works of the British Westinghouse 
Electric and Manufacturing Co., Ltd., Trafford Park, 
Manchester. The photograph was taken before one 
of the sections had been put into place, so that the 
brick piers arc seen at the nottom of the picture. The 
object being dealt with is a large ring, supported on 
blocking attached to a revolvable table, and three 
radial drilling machines are drilling holes around the 
ring. The latter is revolved at intervals to bring it 
into fresh positions for other holes, the machines 
therefore remaining stationary. Figure 98 shows 
another use for the revolving base-plate, the object 
being an armature ring, or spider, which is bolted to 
the jdate and given partial rotations to come under 
the ram of the portable slotter, which is elevated 
upon packing blocks above the work. As each slot is 
made in the periphery, the table is turned sufficiently 
to set it for another slot. The operater is seen 
testing the setting. If a large circular obj^t like this 
were done by the fixed machine, it would necessitate 
the use of an abnormal table on the slotter. 

In too an operation with a drilling machine 
inside the work is shown. The machine is of pillar 
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ty^, with a spindle driven in a bearing that is 
adjustable up and down within the pillar. The drill 
is thus moved to any position. In the photo it has 
already put through one hole in the generator yoke, 
and is engaged on another above, these holes serving 
to attach the pole-pieces. By turning the entire 
machine upon the circular table ( mentioned above), it 
is made to align with the other holes inside the ring. 

Tooling of another class is illustrated in 101, the 
machine being a rotary planer or face-milling ma- 
chine, of the class described in the last article, with 
a nunilHT of tools pinched in holes in a large revolv- 
ing disc. The latter is mounted on a sjnndle running 
in bearings in a sliding (mrriage, that moves down 
the long bed and so makes the milling cutter face 
off the work, feed for depth of cut being imparted 
by a transverse slide on the carriage. The work 
shown in the photo is the bottom half of a steam 
turbine casing, blocked up with angle plates and 
screw jacks on the floor-]>late, while the bod of th3 
milling machine is clamped with bolts and clips. 

A large amount of facing work is done with 
machines of this class as an alternative to putting 
the job on a planer or Blotter. Joints of flywheels 
and of dynamo segments are typical examples 
of awkward pieces which arc best treated upon floor- 
plates, while many kinds of beds and bases are well 
suited to the method of working. There is also some 
saving of time by milling, over planing, or slotting, 
in work of the character shown in lOl, in which a 
single-pointed tool would have to ** cut wind ” for 
a good deal of Uie time in passing over the gaps. 

. A oonsiderablo amount of packing of various 
kinds is used on the plates, including plain 
parallel strips or bars, girder-sha|)ed jiioces, and 
castings with tee slots to carry bolts which clamp 
work down, as seen in the views 98 and 99. These 
are necessary to raise the work off the plate suffi- 
ciently to let the cutting tools clear, or to elevate 
the ^ portable machines into suitable positions. 


Sometimes also the enstiugs may have projecting 
lugs or bosses which prevent their being laid on 
the plate to stand without rocking about ; by 
slipping a packing block under each end the pro- 
jecting portion is rais(‘d clear off the plate. 

Floor-plates, like planing-machine tables, usually 
have their surf ic-es provided with a number of round 
holes, into which step-plugs are inserted to resist the 
thrust of cutting, and so to relieve the holding-down 
bolts to a certain extent, and prevent risk of a 
sudden slip during tooling. The usual clumps 
and bolts for planer work arc employed on ])latcH 
to hold down the w'ork and the machines. 
I.iarge niimbers of wood blocks and struts are used 
to support the fi'ee ends of clamps which pi'ess upon 
the work, the wood being lighter than iron packings, 
and nearly as satisfactory for the purpose, althougli 
for packing up the castings or the machines, the 
more ri^id and unyielding iron blockings are better. 
Screw jacks, for adjusting tlie heigiit of castings, 
are found on most floor- plates ; thcjy are more con- 
venient to use than wedges, affording a steady lift, 
with great precision of movement. The service of 
an overhead crane is necessary in the first place to 
carrv tlie work to the plate and hold it until blocked 
up, t)ut after that the final small adjustments can be 
effected by the jacks. Hydraulic jacks are some- 
times applied where the weight of the job is ex- 
cessive. 

Settinc Work on Floor«plates. The'. 

setting of large pieces of work on floor- plates 
involves the use of sjjecial iustruinonts which are 
not found on ordinary machine tools, including 
large squares and straightedges, and various gauges. 
For example, in setting segments of large dynamo 
rings some means must lie found ofgauging the radial 
setting, and of marking out the inside for slotting 
the facings which hold the pole-pieccs. A central 
pillar is clamped on the plate, and a long radius 
rod pivoted from it to reach out to the segment, 
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which is fixed down at the correct distance. 
1"he truth of the circular setting is then tested 
by slewing the rod round on its pillar. The set- 
ting of the portable Blotter or drill is also tried by a 
rod. 

An intercBting inolhod of 
laying out big work has been 
adopted at the Westinghouac 
works at Pittsburg. A 
number of huge generators 
for the Manhattan Railway 
Company were ordered, having 
a total height of 42 ft., tho 
revolving portion being 112 ft. 
in diameter, and the devices 
then in use for dealing with 
work of the kind were 
doomed inadequate to cope 
with the abnormal machines 
to be built. It was feared 
that errors would creep in 
as regards the machining of 
the segment joints and the 
drilling of the bolt holes, and 
a novel departure was made 
by the employment of sur- 
veyor's methods, using a 
dividing and levelling instru- 
ment mounted upon a column 
bolted to th<! floor- plate. The 
ring segments were each In 
turn packed up and elnm^jod 
at the correct radial distance 
from the centre pillar, the testing being done by a 
centring giuige pivoted on the pillar. The correct 
angles of the joint faces w^ere then determined by 
sighting with the instrument mounted on the pillar, 
and straightedges wereclam|>ecl to the plate in eximt 
radial positions as found by the instrument. The 
base of tht< portable slotting machine was then set 
parallel with a straightedge, adjustments being 
efTccted with setting screws, clamped down, and 
the segment joint tooled 
across, the slottcir being 
moved subsequently to 
the opposite end. I’ho 
bolt holes in the ends were 
afterwards drilled, using a 
jig plate to bring them all 
alike in each segment. 

After putting together the 
lower half of tJie ring, it 
was tested with the instru- 
ment to note whether the 
joint facc.M coincided with 
the centre of rotation, the 
result being satisfactory. 

Other tests showed that 
tho machining had been 
performed very accurately. 

'I'be instrument was 
employed also in dividing 
round tho periphery of 
the rotary portion of tho 
generator, to locate tho 
positions of the slots. The 
operations were carried 
out on the largo floor- 
plate mentioned pre- 
viously in this article, and 
the nicthc^s are still followed by the coniuany in 
dealing with their large fioor-plate workjjJf^y^ 
Floor«plate Machines. Comii^ now to 
details of tho machines used on those plates, we 
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find that they have certain points in common with 
ordinary machine tools, as regards slides, spindles, 
feeding and adjusting devices, but the forms of tho 
framings may differ someithat, and the methods of 
driving arc not similar, on 
account of the new conditions 
to be met. A portable machine 
must obviously be free to 
move about to any required 
position, and it is impossible 
to encumber it with belts, or 
tie to it any countershaft 
positions. Happily the electric 
motor has solved this difficulty, 
enabling machines to bo shifted 
about anywhere, and tho 
) lower to be supplied through 
flexible cables, which may 
lay along one of the tee slots 
or lead off in any direction 
where it is not in the way. 
Several cables are visible trail- 
ing off the plate in 99. Previous 
to tho introduction of tho 
electric drive, moderate 
amount of driving was done by 
means of round ropes, rotating 
vee’d imlleys on the machines, 
and allowing tho latter to 
assume any angular positions. 
Ropes are still employed for 
some classes of work, as we 
shall see later; but the many 
advantages of electricity have caused the older 
system to be largely ousted. Tho disadvantugt) of 
having running ro|>e8 about the work is obviated 
by the motor drive, in which the moving parts 
are contained entirely on the portable machine, so 
that it may l>o placed in very awkward or confined 
situations without regard to surroundings. 

The Portable Planer, The reciprocating 
machines naturally constitute a large proportion of tho 
types used on plates, and 
they are well adapted to 
the planing of joirit.s and 
faces, including grooves, 
key ways, and dovetailed 
slots. Planers or 8haj>ers, 
and Blotters are employed, 
the first-named having 
horizontal strokes, and the 
second vertical strokes. An 
example of a planer or 
shaper is illustrated in 
102 (John Holroyd & Co., 
Ltd., Milnrow). It is styled 
a univtrsal machine, on 
account of tho complete 
range of movements pos- 
sible. The base portion 
is an 18-ft, bed, A, which 
is held down on a fiour- 
plato by clamps pressing 
on the bottom n&nge. The 
column B, gibbod to A, 
slides upon it longi- 
tudinally by hand move- 
ment with a ratchet lever,' 
or by power, from the 
6|-h,p. motor, C, which 
makes 600 revolutions per minute. There is a spur 
gear drive from tho motor shaft to one immediately 
below it, whence mitre gears (seen in the left- 
hand view) drive to a nest of bevel gears on tho 
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top of the column, combined with a eluw clutch 
by which the shaft 1) may be revolved in either 
direction. D passes down the column and drives 
a train of spur ending in a pinion that engages 
in a rack fastened to A, so that when the train is 
set in motion the column slides along. The base 
of the column is of circular form, titling on the 
saddle below, that slides on A, and the edges are 
indexed so that B may be revolved to any angular 
position, and clamped by the bolls seen in the left- 
hand view on the nase, this provision enabling the 
ram to be faced round, to shape work at any angle 
without troubling to shift the bed, A. The ram 
slides in a saddle, F, 6tted on the front face of the 
column, and is driven to and fro by a pinion and rack, 
G, rotated by a spur gear, H, which derives its motion 
from a pair of bevel gears, J, driven from the sets of 
fast ana loose pulleys, K, operated by other pulleys, 
L, at the top of the oolumn, also driven from the 
motor through spur gears. The difference in dia- 


meter of the sets of pulleys K and L, affords a slow 
rate of cutting and a quick return, a device already 
descril)ed in connection with planing machines 
of standard forms. The belts are shifted by forks 
actuated from adjustable dogs on the moving ram, 
P. At each stroke a partial roLition is given to the 
disc, M, which rocks a lever connected to two ratchet 
pawl levers, N. These effect partial turns of ratchet 
wheels, operating mitre gears which transmit their 
motion either to the shaft, D, or to a screw, O ; if 
the first, the result is that tlie column, B, is moved 
along its bed. A, a little after each cut taken by tlie 
ram ; if the second, the saddle, F, is fed similarly 
up or down the oolumn, so that the surface of the 
work is gradually covered either in a vertical or a 
horiEontal plane. The tool-box at the end of tlie 
ram may be angled upon a circular facing, to point 
the tool into oornerB ; a clapper-box fitting is pro- 
vided for relief. Another box, P, is bolted to the 
front of the ram to do face planing where the box 
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at the end cannot be conveniently applied. Other 
points which may bo noted in this machine are that 
the saddle, F, is counterbalni oelwith a rope passing 
over the pulley at the top, holding a weight (not 
shown) inside the column, and that there are a couple 
of eye bolts let in the top of the column, by which 
the entire machine, which weighs about 13 J tons, 
may be hoisted with the overhead traveller and 
carried to any part of the floor-plate. The stroke 
of the ram, which is 4 ft., is arranged to return at 
double the cutting speed. 

Portable Slotters. The vertical slottcrs are 
employed for tooling work that has deep vertical 
faces of no great width, the machine (103] l)eiiig 
made without a long bed. This machine, also by 
Messrs. J. Holroyd Al Oo., Ltd., is constructed with 
a saddle, A, moving upon the face of the column, B, 
the mass being counter balanced by a weight inside 
the column, suspended with two wire ro|>es. 'rho 
vertical stroke of 4 ft. (I in. is obtained from a 
large, square-threaded screw, C, working in a nut 
on the back of the saddle. The r>-hor 80 power motor, 
1), is Iwlted up to a pulley, K, that connects to bevel 
gears on the top of the screw, through intermediary 
spur gears (covered with guards). There are 
two available ratios of slow and quick move- 
ment by tliese gears, thrown in 
and out by a friction clutch be- 
tween the top pair. 'Llie clutch is 
actuated through a series of levers 
worked from the rod, F, carrying 
two adjustable dogs, (:iC, which 
are struck by pins on the movin" 
slide. A, and given a partial twist 
through the medium of cam 
grooves on their outsides. At the 
same time that the twisting of F 
produces the reversal a feed is 
given to the tool-box saddle or 
to the box slide itself by mitre 
gears driven from F and com- 
municating with a crank disc and 
ratchet and spur gears 
situated at J, tlie ellert being 
similar to (hat of the mecha- 
nism already described in 
connection with planing 
machine feeds. The cross 
motion of H is limited to 
2 ft. 6 in. There are two 
lifting hooks, one of which is 
indicated at K, and the base 
of the column has several bolt holes. 

It may bo noted that the bottom edges of such 
machine Inuses are planed square, in order that they 
may ho used as guides to set the machines by — a 
simple and ready method which saves much time. 

A vortical slotting machine having 4 ft. stroke is 
shown in 10 1 (John Hetherington & Sons, Ltd., 
Manchest-er). The interesting feature of the design 
is that the quick return is effected by altering the 
speed of the motor on the top of the framing, instead 
of through reversing clutches or other means usually 
adopted. The motor shaft has a pulley from which 
a belt goes down to a larger pulley on the base, 
driving bevel gears, at the front of the frame, which 
rotates the vertical square-threaded screw that 
moves the saddle up and dowm, balancing being 
done by a weight shaped to suit the inside of the 
column, and suspended over pulleys by t^^Kenold 
chains. As the saddle slides, rollers n||Hmted on 
brackets at the top and bottom corners alternately 
dome into contact with cam-shaped dogs on a 
vertical shaft just behind the saddle, and twist 


this shaft, oauliing it to operate a reversing switch 
(not shown) that clianges the direction of rotation of 
the motor, and alters its speed. During the cutting 
stroke of 20 ft. per minute it runs at 350 revolu- 
tions per minute, and on the quick return of 40 ft. 
the r»ite rises to 700 revolutions }->er minute. The 
twisting of the reversing rod also imparts a feed 
to the cross-slide on the ^ddle through ratchet and 
spur gears in a manner that has been mentioned 
previously. The tool-box, not shown in the front 
elevation, may be angled upon a circular facing on 
the underside of the angular bracket sliding along 
the cross-rail. Provision is incorporated for re- 
versing the motion of the saddle by hand through 
the handle seen against the column in the side 
elevation, the movement of this handle operating 
mitre gears turning a short vortical shaft, which is 
connected at the bottom, by pivoted levers, to the 
reversing shaft. The bottom edges of the base aro 
]>laiied true. Some machines of a similar eharaeter 
arc raised up on a box base to fit them better for 
coping with deep work on the floor- ])late. There are 
two lifting snugs standing out from the sides of the 
column in 104 to afford a hold for the crane slings 
or hooks. 

Some classes of shapers and slottcrs are con- 
structed with rams of square 
section, well supported in guides. 
'J'hcy arc Jinndy for getting into 
small openings and confined 
situations where the types of 
machines just illustrated would 
not be suitable for use. A machine 
w'ith a square tool ram is seen in 
08, but the class of work being 
done is not of a difficult or awk- 
ward kind. 

Portable Milling 
Machines. Milling machines 
are used on floor- plates, the two 
principal types 
DC mg those re- 
prtjsonled in 
100 and 101. 
Figure 100 is 
shown at work 
drilling, but 
the style of 
machine is 
adapted also 
for milling, and 
is especially 
useful for grooves, which it can finish rather more 
quickly and uniformly accurate than the shaper or 
slotter. The other type of miller in 101, used for 
tooling off large surfaces, is made with differing 
lengths of bod, according to the service required. The 
large cutter heads aro driven by a pinion engaging 
with a ring of teeth inside the rim, which gives a Letter 
drive than attempting to drive the spindle alone. 

Portable Drilling Machines. The drill- 
ing machines form a large proportion of the tools 
used in conjunction with floor-plates. Sometimes 
those of ordinary radial t3rpes are employed, ns seen 
in 99, but usually the designs are social, with th(‘ 
object of increasing the reach ana capabilities of 
the tools. The favourite form is that embodying a 
circular pillar supporting a transverse arm, produc- 
ing thereby universal movements. In the machine 
shown in 106 and 106, the bed, A, receives a slide, 
B,upon which the ])illar, C, is bolted. C is embraced 
by a sleeve, D, cast with a tubular bearing, E, at right 
angles, within which is the arm, F. The saddle, B, 
can be moved along the bed by hand, using a 
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ratchet handle on the squared end of a screw lying 
within the bed, or more rapidly by power, with a 
motor, O, shown dotted, driving the screw through 
spur gears. There is also another use for the motor, 
tnat of driving a splined shaft alongside the screw', 
communicating with bevel gears to a vertical screw 
inside the pillar, C, by moans of which the sleeve, D, 
is adjusted up or down quickly. A hand motion may 
be alternatively produced by the squared handle-end 
at the top of the screw, seen projecting up out of the 
pillar. ITio drill spindle is carried in a head, H, at 
one end of the arm, F, and the motor for driving is 
at the other, thus balancing approximately. The 
arm may bo moved through its bearing by turning 
the hand-wheel, J, connected to mitre gears, which 
turn the screw, K, working in a nut in E. A pow'cr 
movement is also obtainable from the motor, L, driv- 
ing to spur gears communicating with the screw', 
.the connection being made or broken by a clutch. 
The worm gear at M is used for turning the sleeve, D, 
around the pillar, to bring the arm 
into any desired position. Trio method 
of driving the drill spindle is through 
the gears, N, from tlio motor, thence 
by a shaft passing right inside the 
arm, F, and terminating inside lh<* 
head [see 106], wliich is a section of 
the box, H; a mitre gear on the end of 
the shaft gears with tw'o mitres run- 
ning loosely on 
sleeves encircling 
the drill spindle, 
and driving the 
latter in one direc- 
tion or the other, 
according to 
whether a claw 
clutch between tho 
mitres is slid u]> or 
down by tho 
cranked handle seen 
outside the head. Th#' 
spindle feed is derived 
from a screw'od sleeve' 
encircling its upper end 
and moved up or down 
by a spur gear turned 
from a pinion on a ver- 
tical hand- wheel shaft 0. 

Self-acting food is also 
available, effected by 
the belt cones seen on 
the side of tho head, the 
upper one being driven from small bevel gears on tho 
spindle sleeve, and transmitting movement down to 
the lower bolt cone, which drives a worm gear, throw'u 
into or out of action by a friction disc device. 
The head, H, may be swivelled upon the end of F, 
and clamped with tee-headed bolts. We therefore see 
that when tho base. A, is bolted down, the drill 
head may be brought into any position around the 
circle, either high or low, so that a largo number of 
holer, at various locations might be drilled expedi- 
tiously, In some designs the long base. A, is not 
used, the pillar terminating instead as a broad 
circular foot. The horizontal range of the machine is 
thereby lessened, though this is of no moment in 
much work, because it is easy to shift tho inachiiio 
bodily to a fresh position. The advantage of tho 
base h that it enables successive movements .to 
be made, to drill a row of holes all in lino with each 
othw. 

Figure 108 illustrates a machine (by Kendall A 
Gent Ltd., Manchester) of the same general ty^w? as 



that just described. The motor for elevating the arm 
is placed on the top of the column, and the pillar 
and saddle are traversed along the bed by screw and 
ratchet handle. The drilling head, driven by tho other 
motor, is shown set to an angle, and it may also be set 
round in the other direction by worm gear on the arm. 
The switches for starting and stopping the motors 
are mounted centrally on the board at the front. 

Before wo leave tho subject of floor-plate machines 
an illustration of a combination class of machine 
may bo given, that in 107. It has a circular 
jiillar, with elevating sleeve, and sliding arm, and 
tho drive is by motor, but thcj base is different from 
tho examples w'e have hitherto considered. It is 
supported on four small trolley wheels, which enable 
it to be pushed about anywhere w'ithout the need 
of a crane. When set ready for work, tho machine 
is steadied by raising the wheels off the ground by 
turning four jack-screws, forcing down flat plates, two 
being seen at the front, so that there is no chance of 
t he machine moving. The slotted table seen 
on the base is used only for dealing with 
small pieces of work. When dealing with 
massive jobs the arm is slewed outwards. 
The current for tho motor is conveyed 
througlx a flexible cable led from a 
wall or other socket to a drum on tho 
underside of tho arm, tho drum being em- 
ployed to keep the si>are length rolled up 
neatly. Although 
this machine may 
be used for floor- 
plato work, it is 
more often em- 
ployed on tho 
ordinary shop 
floor, or out of 
doors. 

The Portable 
Shaper. Leaving 
now tho question of 
floor-plates, and con- 
sidering portable 
machines W'hioli are 
attached to, or pre- 
sented to the work, w'O 
shall see that in these 
eases the tools are of 
lighter build, since 
they cannot have a 
massive foundation 
plate upon which to 
rest. The heaviest tools 
are Blotters and 8ha}>ers or planers of the kind show’n 

piece 
iblo tho 


108. ELECTKICALLY-DRIVEN POBTABLE DRILLINQ 
MACHINE 


in 98, tho long bed being lowered on to a piece of 
such as an engine frame, to cnab* 


W'ork, 


bearings to be tooled or various facings machined, 
instead of endeavouring to do tho work in makeshift 
fashion on machines that are too small for tho 
W'ork. A good deal of key -seating is done with 
these Blotters, esi)erially in tho hubs of largo 
wheels, and somo kinds of machines designed 
solely for ke 3 nvay cutting aro used. Figure 100 
gives elevation and plan of a portable horizontal 
slotter or shaper (Francis Berry & Sons, .Sower by 
Bridge) which is designed for slotting out key ways 
in tho bores of very large flywheels, etcj., while they 
are still in the lathe, after boring. Tho machino is 
also applicable to tooling faces on big castings 
that cannot bo conveniently put on sn ordinary 
plan ing machine. The maximum stroke is 30 in. 
The base. A, well provided with bolt slots in the 
bottom flange, supports a saddle, B, by voe’d 
edges. The ram, Q slides in vee guides in B, and its 
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tool- box, fitted with relieving clap]>ei\ haa a small 
vertical feed, given by hand through the medium of a 
vertical screw, operated by mitre gears from a shaft 
passing back to the mkiille of the arm, 
where the handle is situated so that it n 

will not come foul of the work when 
tooling deep bores. If the handle was - Vk /i 
placed direct iijion the sciew, as in h U 
cirdinary tool- boxes, the operator won hi 
have no chance of reiu-hing it. The tool- f \\ ' 
box can be turned upside down for ' - 

koyways on o]i]Kisito sides. 

The machine is ro]ie-driven through ah . 

large ]mlh‘y, 1), tlu^ rope being kept in ^ ^ 

its grcKives when running at various 
angles by four grooved guide imlh'ys, 

E, K, K, E, lying above. There is a 
spur pinion on the stud of D, geai ing 
with a wheel, <4, on a shaft passing 
across at right angles to the ram, in 
bearings supjiorted in a bracket easting 
bolted to the side of the bed, A. On /''v" - 




ducing means of keeping the rope taut at all positions 
of the machine? It is evident that an ordinary pulley 
fixed overhead in the roof and connected by a rope 
to the machine })ulley would only work in 
a small range of positions, after which the 
rojie would get too slack or too tight. 

The device adopted to enable the 
-ij.P machine to occupy positions at a consider- 
able distance is shown in 110 . The main 
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110 . HOPK DRIVEE 

this shaft there are two loose bevel wheels engaging 
constantly with large and small bevels keyed on the 
end of a driving screw which actuates the ram. A 
friction clutch between the bevels throws either ])air 
into notion, so that it revolves with the shaft, the 


hraektd. A, fastened overhead, forms a hearing for 
the shaft of the ro])c pulley, B, driven by the fast 
}ndley of the pair of belt pulleys at C, the belt being 
flirown off wlicn required to tho loose one through 
the ship])er lever seen behind the bracket, operated 
by de]H*ndeiit cords. A pair of smaller jnillcys, D, 
.ne mounted in a forked bracket that may turn freely 
in a horizontal direction, })y means of its circular 
stem hehf in the bottom of the bracket, A, with a 
nut. I’his fitting allows the roj)e to slew round to 
any angle which tlR' portable machine may demand. 
E represents the pulley of the Hhu})er, although, of 
course, in actual work it is separated by a long space 
from the jmlleys, 1). A weighted pulley, F, is ein- 


ohject of the differently-sized pairs being to ])roduce 
slow cutting and cpiick return movements of the ram. 
1’he self-acting motion is derived from the rod. H, 
having two aitjustable dogs, with cushioning springs 
which are stnu^k in turn by the faces of the bracket. 
J, on the moving ram. The rod, H, rocks a lever, K, 
on a shaft, L, connected by bevel gears, seen in the 
]ilan, to the clutchrshipping lever. A rocking weight 
and lever, M, is connected by spur gears with L 
1o retain the clutch in each of its positions after 
reversal. An automatic feed for the saddle, B, 
along its bed, is obtainable through the motion of 
the shaft, L, reci]>rocating a rod, N, connected to a 
lever, O, which by a ratchet and w^heel effects partial 
rotations of the feed screw, P, working in a nut on 
the lower side of the saddle, B. The screi^P, is 
extended at one end and squared to receive ^|brank 
handle for the purpose of making adjustments. 

The rope-driving orran^ments are of an interest- 
ing character because of the necessity for intro- 


j)loyed t-o comi)ensate for the varying distances of E 
from its drive, the endless cotton rope passing down 
from B to F, which maintains a constant pull upon 
it, thence round one of the pulleys, D, from that down 
to E, back again around the otner pulley, D, and so 
up again to B. Should E approach D, then the 
weight, F, goes down and absorbs the slack rope ; if 
E goes further away, then F rises and pays out 
mure rope. It is clear that a flat belt could not 
lie made to drive in such a flexible manner as 
the ro|">e does, and it is applicable only in cases 
.where the position of the shaping machine is 
fixed within a narrow range, a jockey pulley and 
weight taking up the limited amount of slack 
which is developed. As wo have already said, 
the greater convenience of the electric drive has 
had the effect of largely displacing these belt and 
ro|)e drives, although for shops and situations 
where ele<?tric power is not available they still 
hold their own. 
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Portable Cylinder Boring Machines. 

An example of a ropo-dnVcn portable cfylinder boring 
machine by James Spencer & Co., Hollinwood, 
is given in 111. These clasHOB of machines are not 
used for original boring, but for reboring locomo- 
tive cylinders after they have worn bacUy. It is 
often more convenient to bo able to true out the 
bores without troubling to dismantle the engine and 
(^arry the cylinders to a dxod machine. The cuts 
taken are necessarily light, so that the machines do 
not have to do very hard service, Thoro is no 
difficulty os regards the attachment of such 
machines to the cylinders, because the faced ends 
which take the cylinder covers afford excellent 
resting- j>lacea for the fixed parts of the machines. 

In 111 the boring bar. A, is encircled at the driving 
end by a hollow socket, B, the front face of which 
holts to the cylinder end. At the tail end of the bar 
there is a smaller diameter, that runs in a hole in a 
stretcher plate (not shown), spanning across the 
mouth of the cylinder, and bolted to the flange. 
Hie two hearings thus afforded keep the bar exactly 
in the centre of the boro being trued out. The 
cutters are held in the head, C, by half-round 
wedges fitting in the semicircular grooves on one 
side of the cutter slots. Two or three sizes of heads 
are available, and any one may be used, by screwing 
it to the face of the sliding sleeve, 1). "J'he latter has 
a nut sunk partly into the uptier side of its bore, 
M'ithin which runs a longitudinal feed screw ex- 
tending the whole length of a groove in the bar, A. 
'J'he sides of this nut also form a kind of key, by 
closely fitting the groove in the bar, so that the 
sleeve, D. is ^lositivcly driven round as the bar 
rotates. Tlie socket, B, is made hirge enough 


end face of B, and tightened with tee-headed bolts 
in a circular slot, so that the rope pidleys may be 
presented at any angle to tne vertical. The 
automatic feed of the boring head along its bar is 
produced by differential gears, seen at the driving 
end of the bar. The first one is mounted loosely 
on a stud screwed into the bar, and is connected 
to a lever having a heavy elliptical weight suspended 
from it, the effect of w'hich, hanging down, is to keci> 
the spur gear stationary, as thou^i it were grippotl 
by some outside clamping device. 

This stationary gear has 24 teeth ; as the bar 
revolves, a larger gear of fiO teeth, K, circles around 
it, and, by the difference in the numbers of tcotb, 
receives a slow revolution on its own axis which is 
transmitted to a 27-tooth pinion on the tail of the 
screw K, through an intermediate gear of 18 teeth. 
While the bar is revolving, therefore, the screw F 
is turning and feeding the sleeve, D, with its cutter 
head, C, along very slowly, so that it gradually 
passes through the cylinder boro. The bar in this 
machine is 5 in. diameter, and its length is 70 J in. 
The largest cutter head is 13J in. diameter. 

These useful machines are also constructed to 
driv'e by other methods than rope. Hand driving 
i.s very frecpiently adopted where there is no power 
of any sort available, the place of the rope [udloy 
on the w'orm shaft being occupied by a flywheel 
with handle. An electrio motor is employed in 
soino machines, driving through spur gears to the 
worm. 

Crankpin Turning Machine. A special 
machine used also for locomotive work is that for 
turning up erankpiiis while in place. Tlie principal 
element is a right-angled bracket, the foot of wliich 




inside to accommodate the boring head, ns shown 
hy its dotted outline, so that it may !x*gin to 
bore from the end. Tlie rotation of the bar is effected 
through a cotton rope driving the pulley, F, smaller 
guide pulleys, (1(1, being located on an arm on each 
side of F. On the spindle of F there is a worm, H, 
engaging with a worm wheel, J, keyed to a sleeve 
tm the end of the bar. A. The bearing which carries 
the worm spindle can lie swivelled around on the 

CofUinued 


is clamped to the spokes of the wheel. A l>earing 
lying in line with the crankpin carries a shaft w'itli 
a point centre entering into the countersink in the 
crankpin end, and a large spur wheel on this shaft 
is driven by a pinion and handle, or rojie W'hecl. 
A slide is fastened to project over the pin, and if a 
tool is clamxied in the holder it w ill travel around 
the pin and turn it, longitudinal feed being obtained 
from the end motion of the tool-holder slide. 
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comparativelybrief period of the youth’s indenturoB 
too much time would be occupied iif departmental 
work, to the exclusion of a more jreneral experience. 

The Agreement. The all important selec- 
tion having been made (taking into consideration 
the question of premium), it is customary, in the 
interests of both parties, that at least a month’s 
trial should bo given, so that the proposed pupil 
may have nn opportunity of definitely decudiiig 
whether the career will be to his taste, and that 
the princip d may have an opportunity of detertniii- 
inc the proposed pupil's suitability. On both 
sides important decisions have to bo made before 
n binding contract is entered into. The term of 
j>robation having expired, by mutual consent a 
deed of indenture is drawn up, whereby tho parties 
enter into an agreement commonly known as 
Ariides. This document generally embodies most 
of tho old apprenticeship clauses, especially as re- 
gards obedience and punctuality, and stipulates 
that the pupil shall further tho interests of tho 
master to tho best of his ability, etc. It is usually 
entered into for a term of tliree years ; it specifies the 
agreed amount of premium, and further sets forth 
that it is ontt^red into by the pupil of his owti free 
will and accord, and, if he is under age, by the consent 
and ap}>rohation of the father or giiardi.aii. It 
nicntions tho profession or professions lie is to 
learn, thepcrioil the indentures are to last: that lie 
shall faithfully serve his master, keep his secrets, 
and obey his commands ; not absent himself un- 
lawfully. and shall in (n^ery way act as a faithful 
apprentice. On the other liand, the master agr<H*s 
“ to teach, or cause to Ix) tauglit, and instructed 
by the best means in his jiowor,” the art, trade or 
business of an estate agent, etc., etc. 

The Premium. The amount of premium is 
a matter for negotiation ; as a basis, however, wo 
should say £50 would secure entry in a suitable 
office for a term of three years. This sum may 
bo increased and a portion returned as salary 
during tho latter iieriod of the apprenticeship. 

It is not advisable to enter an office where there 
are many articled pupils. In fact, if there are no 
others it is greatly to the advantage of tho one, 
as his duties will secure a much more varied insight 
into office routine. This will include tho usual 
elementary matters, such as indexing, letter-filing, 
etc., followed by making tracings of plans, cof»ying 
specifications and inventories. The pupil will be 
reqiiired to accompany his principal when surveys 
and valuations are being made. 

By exercising intelligence and noting the ])articu- 
lars gathered and the reason for their nolilication, 
he will accumulate a store of useful knowledge 
wliich he will bo called upon later to employ 
without supervision. During this time he should bo 
eontinunlly on the alert, watching the j>rocedure 
of tho office business in every direction, so as to be 
conversant with matters of difficulty and doubt. 
He will find that the opportunity the letter books 
present for studying correspondence will Ikj of 
great assistance, not only as to the replies them- 
Htdves, but their formula, phraseology, cte. 

Concurrently with such daily practice it is ad- 
visable, where possible, to arrange that the spare 
time which may be found at his disposal shall be 
utilised in reading for some of the examinations. 
Tliose of the Surveyors Institute naturally take 
recedence, and of these, the Students’ Examination, 
eld annually in January, is the one for which we 
advise early preparation. [See Schedule, page IfiO,] 

Examinations. It is usual to take this 
examination at about the age of 18 years, and the 


subjects embraced Wlong to the ordinary scjhool 
curriculum. If, however, the studtmt can produce 
a certifiiMite showing that he has passed the Maliricu- 
lation Examination of tho University of Oxford, of 
(Cambridge, of Loudon, or of any other University 
in the United Kingdom; or that ho has passed 
with Honours the Senior Local Kxainination of the 
University of Oxford or of Cambridge; or has ob- 
tained a Higher Certificate at the examination of 
tho Oxford and Cambridge Schools Examiri ition 
Board, ho will be exempt from this })reliminary. 
Entrance to this, how(?ver, is only allowed on proof 
(J) that the student is, or has been, a pupil of a 
surveyor ; (2) tliat ho is training wuth a view to 
entering the profession at one of the recognised 
agricultural colleges. 

After ho has been duly elected as n student, the 
next step that he should take is tho qualifying 
Examination for the Class of Profe.ssional Asso- 
eiateship; and in this case the age at which he may 
sit must not be less than 21 J years. Of the three 
heads into which this examination is divided, one 
subdivision applies entirely to the estate (tow'n) 
agent, and includes these suhjoots : 

(1) Land Surveying ami Level- (r») Mensuration. 

^ling. Elements of 'J’ri- (6) Law of Fixt.iiros. 

goiionicitry. (7) Law of DilapidatiiMm. 

(2) n<M>kkeeping. (5) Law of Easements and 

(:{) Law of Landlord and Kiparian Kiplits. 

Tenant (Elements (0) Application and use of 

(4) Enfranchisement of Copy- Valuation Tallies. 

holds. (10) Drainage and Sanitation. 

In addition to tho lisi of subjects given above, 
tlu? student is re(juirc*d to prepare a plan to a given 
scale of a pro}K*rty of about tw'enty ncr(‘s, shoeing n 
K(‘ction of the levels, and taking the chief angle.s 
with a theodolite. 

It may hero bo mentlonetl that it is not eoin- 
fndsory to become a student before (mtering for 
the Professional AHsociateshiji Examination, hut 
a noii-stmiciit will bo required to gain a larger 
jMTeentago of marks than if he had pHs.sed the ]»re- 
lim inary examination. 

The thirii stage i.s reached in the Fellow^ship, 
the subjecl.s of which are praelicnlly those of tho 
Associateship, but in n more ndvamjcd degree. 

Copies of tho revised syllabus of ^:^ubjeet8, list of 
textl>ook.s, and examples of ]miKTs sot at prelimin- 
ary and professional examination.*- can be obtained 
on application to the Secretary of the Surveyors’ 
Institution, 12, Gn^at (Jeorgi' Slr('C*t, W(‘stminster, 
S.W., at the price of Is. fid. ]aT coj>y. 

As a considerable iiortioii of an estate agent' .s 
time is ex})ended on the details of pro|x.Tties placed 
under his charge, it i.s essential that a good practical 
knowledge of bookkeejnug should lie nis particular 
rare. He should be business-like not only as regards 
his ow n engagements, and so on, but in thoroughly 
recording the various transactions which may pass 
tlirough his hands. 

Estate Management. Estate manage- 
ment includes the collection of rents, the 8U]>er- 
visioii of repairs, and, in fact, generally acting 
in the interests of the owner of the property, 
seeing that tenants’ covenants are strictly adlicrcjd 
to, so that tho reversion is not jeoy»ardised. 

The keeping of office rogistcTS of propcTtics must 
be systematic, so that the srnalle.sfc detail can be 
refcTred to w'ithout delay. Making and checking 
inventories require a good knowledge of technical 
terms in addition to a keen insight into present 
market values. Preparing schedules of dilapidation.s 
and wants of reparation also falls under the duties 
of nn Agent. Their settlement is a subject for 
negotiation between the fri'cholder and leaseholder, 
or between the original lea.seholder and tenant. 
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Tt naturally involves n Htrki attention to the 
mterefttM of whiehever party the agent may Ixi 
representing. 

In taking partieulars of properties for anelion or 
registering purposes, it will not be suffieient to 
merely reeord the obvious farts ; whoever draws 
up the particulars dioiild have the biciilty of 
showing to the best advantage any sj>ecial feature 
which lie may discern. He will not omit to enlarge 
on the advantages of aspect, soil, drainage, healthy 
situation, neeess, any hx*al plaees of interest, and 
the attraet ions of the neighliourhood generally. In 
negotiating the sale or letting of pro])orties a biisi* 
ness-like agent will avail liimself of all rorre- 
spondence or applic'ations that may have bearing on 
the jiarticular subject in hand. He will exert all 
his indnence to discover a purrliascr or tenant, and 
^ not rely solely on haphazard incpiiries. He will 
• piiekly iind that success in this direction will act 
as the best advertisement for liis agenev. 

LAND AGENCY 

Following our assumption that the youth leaving 
school or college <*arries with him a fair <•0111- 
mereial know’lerlge, we propose marking out his 
further studios with the ])rofession of a laud agent 
in view^ Undoubtedly, the Iwst. eonneeting link 
between the general education acipiired at school 
and the practical exi»eriencc of an estate agent's 
office will be found in a short course at one of 
the recognised agricultural colleges, where tech- 
nical knowh'dge and theory are acrpiired together. 
Here he will have opportunities of learning, by 
actual work under trainetl siitiorvision, matters of 
essential importance both as regards the surface of 
tlie land, its chemistry and treatment, and the 
legal asiiect of its holdings. He will thus be prepared 
to gras]> intelligently the more complicated difficulties 
that may arise in daily practice during the period 
aliout to lie sjient in some estate agent's office. 

The general routine of study ado]itcd at the 
colleges naturally iirejiares the student for the 
examinations he will read and ultimately enter for. 
A general outline of the subjects wdll be enumerated 
later. The term of study varies in length, and is to a 
large extent det(*rmined by the amount of money 
at the dis])osal of the pupil, his parents or guardians : 
but w'e do not advise too lengthened a ]>eriod, taking 
into consideration the subsequent years of pupilage 
to a land agent. 

Training. Two years' training in this way 
should be sufficient. 1 1 is not our intent ion to imjily 
that the preliminary training that we have outlined 
is essential to an estate agent, provided that such, 
or similar knowiedge, could be gained from another 
source. For instance, it would be possible to 
learn the greater part of what is necessary on a w'ell- 
managed farm w^here discipline was maintained, and 
W'here the student eonse lent iou sly made it his busi- 
ness to learn what was going on around him, if at 
the same time he added to an intimate insight into 
farming matters by judicious reading of works 
bearing on the legal aspec't of his prospective career, 
80 long ns this knowledge is gained, it matters 
little w'hat is its source. 

This prejiaratory tuition having Ix'en obtained, the 
next step is the selection of a suitable office wliero 
the pupil may be indentured. It is advisable, 
where possible, that an agent should be chosen 
who has the management of esttites in more than one 
county, as there is thus a more varied knowledge 
gained as regards the projierties themselves, the 
remiiroments of their soils, their crops, or j|^ck, 
and differences in local customs. The subjwt of 
‘ the Articles themselves vary hut little from those 
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we have already noticed with regard to estate 
agency, but the jicriod which they should cover may 
be altered to suit special requirements or circum- 
stances. Taking into consideration the greater 
extent of the subjects with which the fully qualified 
agent must be conversant, it is natural that a 
longer time is covered either in the office itself, or 
in conjunction with the time ajient at an agricultural 
(ollege, or on a farm. For example, should two years 
Imve been devoted to this preliminary training, 
another tw'o may be sufficient for a pupil's artickw. 
Jf the training mentioned has been omitted, 
then quite three or four years will be necessary, 
and it therefore follows that the exjieiise will be 
considerably greater in the case of a land agency 
pupil than witli one who merely has an estate agency 
future in pro8]>eet. 

As there are so many matters dependent on the 
individual arrangements of both pupil and master, 
it is difficult to give any definite idea as to the* 
ajiproximate amount of premium. It is largely a 
matter to be settled privately, but £100 per atiiunn 
may be taken as a fair basis. 

Examinations. The preparation for ex- 
amination should occupy as groat a portion ns 
]>ossible of the siiidv of an estate agent. In the 
section dtailing with town agency wi* have noted 
the advanbiges of as much spare time as odice 
duties may ]>ermit being devoted to reading, and 
thus supplementing private study. Our remarks 
eipially npjily in this case. In fact, cireiimstances 
wdll, in all ]»robability, give more latitude in this 
direction : but against this disadvantege must be 
set the inconvenience arising from the possible 
necessity for travelling considerable distant^os to 
attend lectures. The examinations we advise the 
w'ould-bc land agent to prepare for are those 
cuitered for by the estate agency candidates — viz., 
those of the Surveyor’s Institute, and, as far ns the 
Students’ Examination is concerned, the same re- 
marks apjily. In the Intermediate or Professional 
Associateship. and Fellowship Examinations, a 
special subdivision is set apart dealing with subjects 
with which a land agent should be thoroughly 
conversant. The subjects included are ihese : 

(1) Land Harvey iiiKaialkevcl- (r>) Land DrainnKc, 
lin<)r. (6) BtMikkeeplitK. 

1^2) (Jei>h>{ry and OonipoHition (7) Construction and ai-- 
of HojJs. rangenieiit of l-’ann 

(8) ].<aw of Landlord and HonieBtends. 

Tenant. (R) Agiicultural Cheiuistrj*. 

( 4 ) Agriculture. 00 Trigonometry. 

Special Knowledge Required. It is 

only possible to acquire thorough mastery of the 
requirements of a land agent’s profession by a 
knowledge of the comparative methods of agri- 
culture as applied to different countries : for 
it is obvious that there is a wide distinction 
between fanning and farming pursuits as carried 
on in the Midlands and that in the northern and 
southern counties. The agent should know 
the differences demanded in the treatment of the soil, 
taking into consideration its productive qualities, 
whether applied to stock, crops, or minerals. For 
example, the special knowledge applicable to a 
district producing fruit would be comparatively 
useless in a mining district ; and a county, the soil 
of which is chiefly given up to grazing, would natur- 
ally require relatively little knowledge with regard to 
to crops, but considerable experience in the handling 
of stock. And this experience should include not 
only the land itself but the buildings erected 
thereon for the purpose of housing or distributing 
the distinctive products. For yarding the inter- 
ests of his superior, the agent will find this essential. 
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not only in the original leasing of land but in its 
after working or cultivation. 

Having suggested the various directions in which 
his knowledge must be applied, and the manner 
in which it is determined by locality, it would be 
well, before leaving the subject, to glance at the 
general routine work as applied, more or less, to 
every estate office. Owing to the ijeculiar, and 
very often complicated, circumstances under 
which the properties are held, it will be at once 
seen that bookkeeping must play a more than 
ordinary part. Not only must records be kept 
of everything appertaining to the rent roll, but 
also of the considerable annual expenditure on 
repairs and improvements generally. Combined 
with these will be the ordinary everyday expenses, 
etc., in connection with any farms which ho may 
have in hand, untonanted for the time l>eing, but 
which must necessarily be kept in working order. 
It thus follows that his capacities as a farmer will 
be severely tested ; and as questions such as 
the amount of compensation to be paid to an out- 
going tenant for improvements, etc., under the 
various Agricultural Holdings Acts enter con- 
siderably into rental values, skill as a valuer is an 
essential qualification. 

The Estate Agent and His Staff. 

Presuming that the preliminary training has been 
])a8sed, and a profitable use made of the oppor- 
tunities afforded by offic'o work, we are now in 
a jmsition to consider what should be done in 
starting business as a jirincipal or acsting partner. 
As wo have already stated, the capital at disj)osal 
must necessarily cxenuse a (ionsiderablc influence 
in this matter, as it is obviously less expensive in 
the long run to purchase a small ))artnerHhii». in a 
sound concern than to risk the disappointment and 
financial loss entailed in opening an office which 
may not, for reasons possibly outside jiersonal con- 
trol, be a success. Consideration must be taken 
of the fact that during the first months it is all up- 
hill work, and that a man must be prepared to face 
the inevitable expentes without any compensating 
return. He must be prepared to take up the affairs 
of clients by means of assistants, to w’liom he w ill 
naturally have to pay salaries, and this in addition 
to rent, rates and taxes of the premises he occupies. 
Of course, if he is fortunate enough already to have 
an assured connection, these liabilities will he, 
to a large degree, lessened, and he may be thereby 
able to start his venture on a sound basis, adding 
to his staff as his clients increase. A good rent 
roll is the backbone of any business, and should be 
especially sought after and cultivated ; for, owning 
to its reliability, it carries with it a certain assnrt*d 
income. 

The least assishinco possible is a clerk, with 
sufficient knowledge of the profession and business 
caj)abilities to take charge in his principal’s absence, 
and a youth to fill in the minor office duties. In 
selecting the former, the choice should fall on a 
man willing and able to make himself generally 
useful in all departments, w'ho is also n good 
canvasser — in short, one in whom confidence 
could be placed. As the agent’s business develops, 
and the necessity for an increased staff arises, 
he will find it advisable to engage a junior, 
competent to relieve the senior clerk of most 
of the out-door duties, such as those of rent 
collecting, minor inventories, and canvassing, 
leaving flie former with moi*e time to devote to the 
necessary correspondence, interviewing, and nego- 


tiations. For this }»osition, it is quite possible that 
he may find what may be termed an “ improver” — 
that is, one who is endeavouring to enlarge his 
experience after having served his articles elsewhere. 
At this stage, also, he may have a sufficiently 
large practice to justify his taking an articled 
pupil. 

Setting up in Business. Tlie capital 
necessary to start business on one’s own account 
w'ill, to a large extent, depend on the locality 
selected, and tlio personal expenses of the agent. 
If he proposes to begin as an estate agent in 
town, the sum of £200 or £300 should bo auttioient 
to cover the first year’s exficnses. As ho has the 
advantage of being able to advertise — a privilege 
denied nearly all other professions — ho has the 
means of procuring the introduction of business 
which, by perseverance and appli(;ation, should 
steadly increase. 

The land agent, on the other hand, must he able 
to dispose of a larger capital at first, as he, unlike 
the town agent, has not the facilities for advertising, 
and to a largo extent must rely on business being 
brought to him. Although the results, when they 
do come, are better, one frequently has to wait a 
long time for them. Wo should, therefore, not 
advise any smaller sum than £500 in reser\c for 
starting in this way. 

The duties of the land agent are so much more 
personal in their nature than the estate agent’s that 
more depends on his individual efforts, and, there 
being less of what maybe termed clerical work in- 
volved. the office requirements are smaller. Here, 
again, the number of assistants will l>e determined 
by the extent of the estates under Ills control, their 
area, and the distance separating them. With a 
romj)aratively small radius, ho will be able to exer- 
cise his duties fully without calling in professional 
aid ; but where distance will prevent his giving 
equal attention in nil directions, a sub-agent is 
generally engaged who is qualified to deal with 
minor matters as they may arise, referring to the 
principal agent where important decisions have to 
be made. I’he appointment of this official may 
rest with the agent himself, or he may be engaged 
by the landlord directs In either ease, although ho 
is the agent’s subordinate, ho will usually receive 
his stipend from the owner of the property. 

In the control of a farm a bailiff is usually 
employed. His duties may be likened to those of 
a foreman, his knowledge being purely practical, 
and his work confined to the particular farm upon 
which he is engaged. He sees that all operations 
on this farm are properly carried out ; he is referred 
to as I’Cquired, and gives instructions to the various 
farm “ hands ” as to what is necessary. He reports 
in detail to the agent, and receives from him what- 
ever orders have to bo given. 

Foresters. On most estates of any con- 
siderable extent at least a portion of the proi)crty 
will be composed of woodlands, requiring the expert 
attention oi a brunch of skilled labourers, know'u as 
foresters, whose duties are periodically to prune and 
otherwise cultivate trees and undergrowths for 
timber purposes, or as game preserves. 

We see, therefore, the reason for the estate agent 
being acquainted with this subject — so that he may 
projjerly direct and supervise work oithis descrip- 
tion. It is a matter of importance to know 
exactly how, and at what time, such work should 
be done that the best results may bo obtained, 
and an eye given to the prosi^ects of the future. 
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much f<crvico for the higher kinds of yams. 
The machine is called a winder. There 

are several forms of this ma(.‘hine in use ; but 
in general the form is a double frame, with the 
hank wheel, or the bobbin creel and guide on one 
side, and on the other side the receiving bobbins 
and guides with stop motion. Possessed of this 
form of machine, the twine or cord maker can 
deal Avith any kind of yam in any form. 

Twisting, Though the yarns may have 
been doubled, they are yet without that twist 
which gives them cohesion. Being very simple, 
and similar in principle t-o many other textile 
machines, the twine manufacturer has a large 
choice in this class of machines. But the 
whole range can be divided into two classes — 
one called the npum'd twister, and the other the 
tube ttvister, or any other kind of common textile 
twisting machine. 

Upward Twister. In spinning, the feed 
bobbins stand on a erect at the head of the frame, 
and the receiving bobbins sit on the rails in the 
middle of the structure. In this machine the 
positions are reversed. Flyers with three legs 
work on the spindles which hold the supply 
bobbins, coming up from the lower end of the 
bobbin. Midway is a carrier rail for the yarn ; 
above it two grooved cone pulleys ; and on the 
top the creel of receiving bobbins. As the yam 
comes off the bobbin, it is passed 
round the legs of the flyer, up 
over the carrier rail, round the 
tw'o cone pulleys, and on to the 
bobbin. A special feature is 
the action of the two pulleys. 
When a fibre is twnsted it tends 
to shorten and curl up. 
The second cone pulley 
being wider than the first, 
and receiving exactly the 
satuf^ amount of yarn, 
pulls the cord tight, con- 
firming the twist and 
straightening out the line. 

Tube Twister. As 
the name implies, the 
special feature of this 
machine is its twist- 
ing tube. In other 
respects it differs 
little, if anything, 
from the ordinary 
frames used in the 
If spinning factories. 
By the gentle and 
efficient action of 
the tube this frame 
has been found very 
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’THOUGH w'c have studied the making of 
* yams for twines and ropes, such as flax, 
hemp, and jute, there are some kinds of yarns 
used by the twine and rope manufacturer 
wdiich he must accept from other workers. The 
variety of material out of which cords aufl cables 
may be made is very wide, including cotton, 
silks, wool, mohair, horHchair, many kinds of 
vegidable fibres not yet otherwise recognised as 
textile, and iron, steel, brass, copper, and many 
other materials mostly Avastes from other 
industries. As a rule, the rope and tAvine manu- 
faf’turer spins his own flax an<l hemp yarns, 
accepting from other makers, or spinners, what- 
ever other yarns he requires. At this point, 
therefore, Aie begin with the processes in which 
wo utilise yarns, both those spun on the pre- 
mises and those brought- in from outside. 

Winding. Some manufacturers buy in 
their yams — and all must t ake those yarns Avhich 
are not in the direct lino of their work, such as 
cottons, W’ools, silks, and artificial fibres — from 
the outside. Those yams come in hanks, and 
require to be wound on bobbins. Any common 
winding reel will serve this purpose, and w^e 
should hardly have thought of paying any 
attention to this detail but for the fact that 
associated Avith this operation wo have a very 
useful machine and an operation Avhich is of 
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silks and fine cords of all kinds. Sewing 
machinery, w'liich has become so important in 
the shoemaking, Haddl<‘ry, and other leather- 
working trades, has created a strong demand for 
the twist made by this machine. It produces 
a smooth and compact tliread. 

Cabling Twines. The common twine of 
commerce is the three-cord cable twine. An 
extraordinary twisting frame of large size 
is very often used for this purpose ; but the 
produce is soft and of a low class as a 
rule. We do not say that a modification of the 
twister cannot produce good twine ; but vre 
think that machines siDecially designed for 
the purpose are more likely to prove satis- 
factory. Among the many to select from wo 
take two, one being quite a departure from the 
twisting frames, and the other an adaptation of 
the upward twister. 

A Double Cabling Frame. This frame 
is simply tlio upward twisting frame with the 
addition of a cabling side. On this side the three 
rows of bobbins are placed, with flyers coming 
up from the base of the bobbins. Above are 
the two cone pulleys and a guide rail. But in 
the centre of the double-sided frame are two 
guides and a eolloeting tube, while at the other 
side -we find another pair of cone pulleys, and 
down on the side of the frame a largo Ijobbin upon 
the spindle of which works a pow^erful flyer. 
Coming from the three bobbins, the yams, or 
strands, are twisted, led through the small and 
large cone, and therefore stretched, joined 
together on the head of the frame, tw isted through 
the pair of cone pulleys on the other side, taken 
through the head of the powerful flyer, and wound 
on to the large bobbin. Fishing lines, loom 


cords, spindle bandings, and high -class tw’ines 
of all kinds are efficiently formed on this frame. 

Laying Machine. For directness of 
action,, the “ Patent Laying Machine." as it is 
named, is certainly very good. From a plate 
a(!ross the lioad the spinales, containing the lx>b- 
bins hnng horizontally, depend, the bobbins 
lacing driven by bands on spindle w’horls. 
Directly under are the guides and tw'isting gear. 
w'hiJe below all rest the receiving bobbins, on the 
spindles of which revolve larger flyers. T'wines 
can be twisted wuth great raj)idity on this 
machine. Any thickness, from two to six cord, 
is dealt with, and bobbins of largo diameter 
filled. 

Dressing. After the twines have boern 
twisted, the fintT qualities of hemp and flax cords 
are gassed, or singed, by any of tlie gassing 
appliances examined in the finishing processes ot 
threads and cloths. Then the twines are dressc'd 
— that is, passed through a bath of size — and 
polished. Some manufacturers omit this pro- 
cess. We think it wise to dross twines, how'evei*. 
not only Iwcause the dressing helps to give the 
strands a elost'r tenacity, but also for the sake of 
appearance, which counts for so much in com- 
merce in those days. Tlie size is a thin paste, 
made of flour, glue, alum, and tallow, in the 
proportions which experience shows may l)est 
suit the particular quality of twine being made. 
In gtmeral. heavy tw ines are the l>otter of a fair 
proportion of tallow and alum ; for finer twines 
the alum may bo omitt^^d. The dressing and 
polishing machine [236] is a large piece of mechan- 
ism. At one end are the creels, w’hieh hold the 
bobbins of twine ; next is the guiding reed, or 
raddle ; next is the steam -heated trough containing 
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tlio size; witliiii iho trough revolve the dipping 
rollers ; at the further end of the trough, the 
elcaring rollers, a little above, the first brush 
rollers ; next, the drying cylinders ; last, the 
polivshing rollers. The twines pass through the 
guide duw'D into the size, over the one roller and 
up on the other ; hero they pass through the 
clearing rollers, which sluice off the superfluous 
size, and go through tho brush rollers, which 
I)artially dry them. Winding helically round 
the steam -heated drjdng rollers, the cords pas.s 
betwwm the polishing rollers, and aro again 
wound on to bobbins. 

Balling and Spooling. Twine is either 
made iij> into balls without any core, or 
wound into a kind of cheesi^ shape, which may 
have a wooden core or none. Several very 
ingenious machines have becm invented for both 
these purimses. cheese winders are merely 

larger models of tho frames used in thread 
manufacture, studied fully in that section of our 
course. We theiu^foro omit them at present. 


Tho balling machine, however, is 
n6w. Two 4dnds are worthy of 
special note, and we shall take 
them in succession. 

Flyer Balling Machine. 
The bobbin is fixed on a spindle 
at one side ; in a plate or standard, 
the flyer is set to revolve in a 
reciprocating manner over a spindle 
coming out from a wheel axle on 
the other side. The twine is given 
off from the bobbin, and is taken 
by tho flyers and wound on the 
thick spindle. There are usually 
two pairs of balls wound on this 
frame. 

M*Cormich*a Machine. This 
machine [235] is generally admitted 
to )3o one of the best automatic 
balling apparatus in tlie trade. 
All the parts are very strong. Tho 
feed bobbin is hung horizontally on 
the head of the machine, and tho 
tw ine is led through the eye of a 
lever with an eccentric motion, 
w’liich winds the twrine on to tho 
balling spindle set Ix^fore it. A 
guid(5 arm keeps the ball firm and regulates 
the shat)ing and consistency of the ball. When 
tho required quantity has been wound, tho 
machine stops. 

Theory of Rope Spinning. On page 
102R wo gave only a hint of the principle upon 
which ropo-making is based, Tim long, heavy 
fibres of which most ropes are made do not 
naturally cling together in a spiral form ; on tho 
eontraiys they resist being put into that form. 
It is iK-icauso tho fibres resist twining that ropes 
coIkto. This (contradiction, or paradox, must be 
made clear, and can Iwsb be shown by a practical 
i Illustration. Suppose we undertake to make a 
cable alx)ut 6 in. thick. First, we take 30 yarns 
which have been twisted from left to right, and 
twist them together into a strand by a right to 
left twist ; the effort of the individual yams to 
untw'ist will pull from right to loft, and cause 
them to grip more tightly together in tho twist 
the stranding has given them. Evwy effort 
lliose little fibres make to free themselves from 
each other binds them more 
tightly in the larger unity. 
Nine ^ those strancis have 
Imen made, and we now 
reduce their number to 
tlmee by combining three 
strands together. Again 
\ve twist from left to right, 
and the effort of the smaller 
strands to untwdst being 
in the same direction, they 
confirm the mp of the last 
twdst. Finally, when we 
twist the three largo 
strands into a cable, a 
right to left twisty we enlist 
the tendwioy of eveiy s^le 
ffbre to untwist in lading 
our whole cable together. 
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If -WO try to bretik up a cable by loosening the 
strands and threads, we have against us the 
natural effort of tlio fibres to free themselves. 

Two Methods. Rope-spinning has taktm 
two forms — the factory method and the rope- 
walk. The latter is the old hand method to 
which machinery has Ix^en applied. The factory 
mctluKl consists in tlu5 application of the twisting 
of textile fibres to Ix) seen in all factories, buti on 
a. gigantic scale, and with machines correspond- 
ingly large. The rope-walk, as the oldest, and, in 
the opinion of many, the better, may be studied 
first. 

Rope«walK. A rope- walk may b(‘ any 
length, from 70 to 300 yards. It is a long, 
covered -in shed, laid with a series of rails along 
which run the spinning moc.hinos which have 
displaced the human rope-spinner — in this 
country, at least. 

Creel* A V-shaped board, l>earing as many 
as, ):)erhaps, from 270 to 333 spindles for holding 
bobbins, is placed at the head of th(* w^alk. It 
is from this that the roiie yarns are drawn. 

Register Grid and Plate. Before the 
creel stands what is called the register. This 
is a frame containing iron rods, foiming little 
squares, with a plate in front of it, into w^hich 
several series of concentric holes are drilb^d. From 
the creel the yarns are led through both grid 
and register plate. The latter may have nine 
concentric holes in a circle of eight, with on(5 in 
the centre, or nine circles, each containing 
27 holes, or any multiple of three or nine, 
according to the size of rope to l>e made. 

Foreboard. Further in we find a heavy 
carriage [237], sitting on the head of wdiich is a 


square box, with lulx!s running through it, and 
on the breast of the machine a set of large hooks. 
The. box is the steam chest, kept constantly heated 
})y a steam pipe, and the lubes are the passages 
in which the yarns are gathered, and througli 
wdiich they pass to lx‘Come strands. The hooks 
in front are set in a circle round one large hook. 
On tJiese the strands are linkecl wlxui made, to be 
twisted together again into tJiicker strands. 

Traveller. 3’wo lines of rails run from the 
front of the foreboard, and aw ay dowui the roj)e- 
walk. Upon tlicse rails stands what we call 
the traveller |2381. This is almost an exact 
counterpart of tlie fore turn, without the sUxiin 
chest, and it is set on wlnxls which run on the 
rails of the ro]Xi-walk. The hooks of both fore- 
board and traveller are fixed on spindles, whidi 
are mode to revolve by means of wlieels driven 
by the roi)e pulley at the side of each machine. 
These wheels are change- wheels, the size being 
according to the speed of revolution required. 
By means of clutch gearing, the revolution of the 
liooks can Ix) reversed. Ujion the traveller 
are strong brakes for controlling its speed, and a 
platform for the workmen. 

Gates and Posts. To ('omplete the fur- 
nishing of the rope- walk w’^e reipiire gati^s and 
posts. Those are the rests upon wliich the 
long lengths of strands or ropes are supported as 
they are Ix^ing fonmxl. Thc^ gates close behind 
the traveller as it comes along the walk, and the 
posts stand beside the walk with forked heads, 
into which th(i rotx> may be laid. 

MaKing the Rope. The yarn bobbin.s are 
set on the creel, and led through the grid' and 
register plate in sections. Th<^ bun(*hcs are 
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gathered in the atrand tube, and are tied on to nine 
hooks on the breast of the traveller. Away goes the 
traveller down the walk, drawing out the yarns 
to the full length. When the traveller has reached 
the end of its journey the yams are cut and tied 
on to the hooks of the foreboard. As the travel- 
ler passes down, the gates close after it, support- 
ing the formed strniu£». These have Ikmui twisted 
from right to left. When thus twisted the ends 
are transferred to th(' hooks on the foreboard, 
and betAvoen them the traveller and foreboard 
ff»rm the stmnds into three, by a U‘ft to right 



Tarring Ropes. Most cables and hawsers 
are made up of tarred strands. These are run 
throu^ a tarring machine, closefy resembling 
a twine-dressing machine in principle. After 
the tar has been put on, the strands are allowed 
to mellow for some time. 

Factory Rope > laying Machinea. 
It is undoubtedly owing to the invention 
of this class of machines tlwit the wire rope busi- 
ness has been developed. In studying the 
process, therefore, we have to keep in mind that 
wires, as well as fibrous yams, may be on the 
machines. This will shorten our labours to a 
oonsiderable degree and save rcx)etitions. 

Horixontal Stranding Machine. This 
is simply a gigantic horizontal twister [239]. 
Within a framing, the ends of which are circular, 
and hung on st ong brackets loth of which are 
geared into the drive by pinion Avheels, the bob- 
bins to be formed int^ a strand arc set on spindles. 
From each bobbin a thread is led along to the fore 
end of the frame, into which a register plate has 
bi^m fixed, and through to a huge bobbin, or reel 
within another geared fram(\ Tlic bobbin 
frame is made to revolve, while at the same 
time the other frame with its bobbin is going 
round in a direction opposite. By the 
action of th(^ tAvo parts of the machine 


the yams are taken 
off the bobbins and 
twisted into a 
strand. 




chine. The closing 

24i. CLOSING MACIIIXE (Thoiiuis Barracloiiffli, London) machine [241] is 

twist. Noav comes the final operation — the simpler than its stranding assistant, but 

laying of the cable. A bight is formed on the somewhat different in structure. The bobbins 

ends of the strands joined into one, and this is are fixed in a frame upon spindles Avhieh have 

linked on to the centre hook of the traveller. a revolution of their own Avhili^ carried round 


What is called a top, a block of wood moimU‘d on by the containing frame. 

a bogie, is brought close up to the traveller. Through a plate in the head of the frame 
The hooks on the foreboard keep turning to the strands are drawn into the closing tube, 

maintain the fornu^r lAvist on the strands, while through tempering apparatus, and out on 

the traveller poAverf ally tAvists the strands into one, to the creel, or barrel, which, by differential 

driving the top before the tAvist. By its weight, gearing, is enabled to take on the rope evenly 

assisted by the powerful brakes, the traveller as it fills. 

prevents the i‘opt» from curling up under the A Small Machine. Tliin wire ropes are 
strong pull of the tAvist. Wlien the cable has made on this machine [240]. First tho wires 

been laid it is wound by powerful winches on are made into strands, by Ixting placed within 

to a coiling drum. frames which haA’e a flying motion. Between 

Other Ropes. We have vieAved a cable this frame and the laying apparatus is a stretch- 
being made in one operation ; but that is very ing* appliance, composed of coned rolls, one large 

seldom done. The strands are often made one and one small, tho strands passing round boui 

by one. Then there are hawsers, made of three to be stretched and straightened. The whole 

thick strands separately laid, besides thinner framing next revolves, and. as the strands, 

ropes, generally composed of three strand&Af three, or four, or five, come into the central 

from two to six strands each. ^ tAvister, they become united. 

Continued 
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properly att^ichod. It may be either nttaelied to 
tlie sides or placed beneath. In the first case it 
either merely thickens up the lower x>ortion, as in 
the box shown in 111, or is screwed to a skeleton 
base formed by projecting horns of stiles. Thi.s 
might be the case in 112, but* is shown distinctly, 
though in rather complex form, in 117. In 113, the 
plinth is a deep framework on which the upper 
structure rests. In such cases, the two })arta are 
usually not attached, but one merely rests on the 
other, and they arc kept in lateral position by blocks, 
which are screwed to the under surface of the umier 
part, and tit within the framed plinth. This is done 
in heavy artic‘lcs of furniture so that they can l )0 
conveniently moved in parts. C/Ornices are some- 
times put on similarly. In 114 the block beneath 
is supposed to be carried entirely round the base. 
It would Ikj a very satisfactory alternative method of 
treating the box shown in 111. In 116 the plinth 
is rebated, and is held in place by blocks glued 
into the interior angle. Fig. 116 shows a plinth 
berioaih, with the bottom board toiigncd into it. 

Cornices arc attached in any convenient manner, 
being screwed cither to top or side, or held by 
blocks glued in the angle. Fig. 118 shows the usual 
method of attaching a cornice to bookcases and 
wardrol>es. The moulding is wide and thin, and 
has its edge hovelled so that when screwed on the 
upiKsr surface, its front sloj)es outward, as shown. 
Sometimes glue blocks are fitted in the interior 
angles. To cut the ends of the mouldings to the 
correct angle for the joints, the moulding must Im' 
tilted in the mi<TC-box to its proper position, and 
the sawcut may then bo made in the usual way. 
Figs. 119 and 120 show' cornice moulding attached 
to the front. 

BIocKins and Screwing. Wood blocks, 
glued into interior angles to unite parts, as shown 
in 121, A and B, arc very commonly used in joinery 
and cabinet work. 1'hey are shown in 121 joining 
two pieces at a right angle, but they may, of course, 
be planed to lit ain' angle. At A the block is 
square in section, and at B triangular; but the 
outward shajjc is usually of no imjwrtance, as they 
are used in jilares W'here, under ordinary circum- 
stances, they will be out of sight in the linishod work. 
The alternative to the blocks is to use screw's, as 
shown in 122 at A and B. and in end view in 123. 
AVhen there is no o}>jection to a hole in the outer 
edge, the most direct method is to put the screw in 
as shown at A in 122 and 123. The other method is 
to insert it at an angle through the side, gouging ou 
Hiifiicient room for the head to go down, ns at B. 
These methods are practised solely to avoid putting 
screw's or nails through from the front of the work, 
where their ap])earance would bo objectionable. 
Otherwise, in the examples shown, screws put 
through from the other side w'oiild be decidedly 
better and stronger. 

Frames for Plain Tables. These consist 
of legs held together by rails which are tenoned or 
dovetailed into the toi)s of the legs. Where extra 
stability is required, rails arc also fitted between 
the lower parts, but this is avoided if possible. 
The methocf of dovetailing is shown in 124, Tenons 
are shown in plan and elevation in 125. In tho 
example shown they meet wdth ends mitred, but in 
some cases they could be shorter. Tho upper part 
is haunched. Fig. 126 is another form of haunch 
which was not shown in Car}ientry. A haunch cut 
in that way is not visible when the parts aro to- 
other. In the frame of a tabic the parallel haunch 
in 125 is quite satisfactory because it iaJ|bverod 
when the top is on. ^ 
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When the table is of considorablo length, or 
when the endrf of drawer runners require support, 
one or more intermediate cross rails are inserted. 
Examples of these are shown in 105 and 127. In 
the latter figure the front rail is shown cut to receive 
a drawer, but a bettor method is to fit separate rails 
above and below, as in 128. 

Runners for Drawers. The runners can 
then be screwed or nailed against tho inside faces 
of tho longitudinal rails, as in 129. Runners form 
lodges on which a drawer rests and slides. When 
the part beneath a drawer is closed in by a dust 
board the drawer slides on this, and runners arc not 
necessary. Besides surfaces to slide on, drawers 
require guides at the sides, and a stop of some kind 
to stop them at tho correct i>o8ition when being 
closed. In a construction like 130, the sides of tho 
article act as guides for the drawer, but in tables 
it is generally necessary either to rebate the runners, 
as in 127 and 131, or nail guide strips on, as in 129. 
Tho drawer shown in 181 differs from the previous 
examples in having tho runners at the top and 
strijw screwed to its upper edges to fit them. This 
is done because it is more convenient to screw 
runners to tho under edges of the bench than to 
box the draw'er in to enable it to rest on its bottom. 
Another method, suitable for cases containing a 
large number of shallow drawers, is to arrange tho 
runners about midway in the drawer depth and to 
groove tho drawer sides to fit them. The drawers 
then can be close together without bars between. 
A\’lieii closed to the jiroper extent a drawer may be 
stop]>ed either by a rail at tho back or by blocks 
on the runner, or at tho front by a thin strip, as in 
130, which stops the drawer front, but allows tha 
raised bottom to p.MSR over it. 

Drawers. A longitudinal section through a 
drawer is given in 182 to show the ordinary arrange- 
ment of the parts. Tho bottom is thin, and usually 
chamfered down at the edges to fit in grooves which 
are ploughed in the front and sides. Tho back is 
reduced in depth, so that the bottom can be slid in 
after the front, sides, and back aro framed together. 
Another reason for this is that the bottom can then 
Ih) allowed to extend a little beyond the bock, thus 
allowing ample for shrinkage. The bottom may be 
]>reventcd from coming out of place by putting a 
screw through it into tho drawer back. It will 
then shrink oack from the front, and if in time it 
comes out of the front groove, the screw may be 
taken out and the bottom pushed forward ana re- 
screwed. A portion of an end view of a drawer Is 
shown in 188, where tho bottom fitting in its groove 
in the side is viewed from the back of the drawer. 
P'Jgs. 134 and 185 show other methods of fitting the 
bottom without grooving tho sides ; 186 is a muntin 
across the middle of the bottom of a very wide 
drawer, tho l>ottom then being divided into two 
panels. The grain of a bottom should always run 
across parallel with front and back, so that shrinkage 
can bo allowed for as just described. In a rough 
drawer like 131 tho bottom is nailed on. The sides, 
front, and back of a drawer may bo either dove- 
tailed or nailed together, according to tho quality 
of tho work. AVhen dovetailed they aro glued^ 
and usually not nailed as well Fronts are nearly 
always lap dovetailed, and are then thicker thaa 
tho sides and back. 

Miscellaneous Worll. Beep pieces which 
cross each othor, as in partitions in boxes and 
drawers and many other articles, may be halved, 
as in 137, and appear when together as in 188. This 
is generally tho strongest and simplest method, 
but when tWe is any reason why one of the members 




JOINERY 
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Bhould not ha VO its strength diiuiniahed in this way, 
it may be carried througli . entire, and the other 
iitted a^ jseowod in any convenient way on each 
side. Sometimes the cut piece may have ite ends 
housed or voed into the other, or blocks may bo 
glued in the corners, as in 139C 

When p»irts of highly finished work have to be 
attached without showing any exterior sign of the 
means of connc(di<3ii, and w^iere a glued joint is 
unsuitable, the method shoum in 140 is adopted. 
Screws are inserted in one piece with their heads 
left about ^ in. above the surfaee, and slots arc cut 
in the other to correspond. The slot is made large 
enough at one end to recoivo the head of the screw, 
and the remainder of its length fits the shank or 
body of the screw. Thii parts are put together with 
the heads inserted in the large holes, and they are 
then forced along the slots, the heads cutting their 
own way and keeping the parts together. The slots 
should fee arranged so that the parts are in correct 
]X)8ition when the sei^ews have been forced nearly 
or fpiite to the ends. Either mallet blows or pressure 
may he employed, and care should bo taken to 
keep the parts in (ilose eontuct while it is being 
dune. The slots should always run with the grain. 
Hie parts can be separated b}'^ knocking ba<;k again. 
When in u vertical ]H)sition, tlu^ direction for fixing 
should ho downwards. 

Figure 141 shows a form of tenon sometimes used 
at mitred corners of frames. Fig. 142 shows how 
a wide mejulK'r with a single t<‘noii may be. ]>re- 
Viaiti‘d from tendency to twist, by inserting tongues ; 
143 shows the usual method of securing glass in 
the bars of shop-fronts and cases. 

Curved WorK* (Uirved surfaces are formed 
by trending, by working out of solid wood of suffi- 
cient bulk, or by building uj) a number of pieces 
arranged according to the (‘.ontour desired, and then 
working the whole to shape. The last method is 
in most cases the Ix'st, and often is the only prac- 
ticable one, hut circumstances til ways decide. 

J’ieces of 'wood that are sufliciently thin in pro- 
]iortioii to th(ur U'ligtli can l>e bent considerably 
without fracture. If the bending process is applied 
gradually, and esjK’cially if the wood is first soaked 
in hot water, or iweferaWy steamed, this amount is 
very much furtluT increased. If, after steaming, the 
wood is scoured till it is dry against a block formed 
to the required curvature, it will retain its curved 
form when released. The amount to which wood can 
be bent depends on its section, and on the kind of 
wood. Bending is nearly always practised length- 
wise, and not across the fibres, for in width and 
thickness, material can easily be glued up and 
planed to any curvature. In many eases wood can 
1)0 Ix'iit without special appliances, simply by screw- 
mg it in place, and so forcing it to uct^ommodate 
itself to the sweep of the surfu<;e to wh ich it is screwed. 
Or it will form a sw'eep of its own if it be l>ent and 
the ends immovably .secured.. When a numl^er of 
pieces of similar eurvaturo have to bo bent, a 
suitable a])plianee is made. These appliances vary 
in form considerably, but the essentials are a surface 
of the reimired curve and means for gradually forcing 
the wood to that curve and keeping it there for 
several hours. 

In rough work a common method is to weaken tho 
wood by running saw-cuts across, as in 144. This can 
usually be employed only in cases whore the saw- 
cuts will be concealed, and therefore the uncut 
face of tho wood should always be outwards, and 
tho other against another surface. The cuts should 
be uniform in depth and distance an#!, and 
spaced rather closely, but the outer faJr always 

5296 


allows more or less sign of a series of flats corre- 
sponding with tho spacing of the saw-cuts. Figs. 
145 and 146 show tho piece bent to opjiosite 
sweeps. 

Building Up- Figures 147 to 157 show various 
methods of building up ; 147 and 148 are examples 
of plain circular plates. In 147 a number of boards 
are joined edge to edge to form the required dia- 
meter, and the whole is kept straight by battens. 
Instead of battens, two thicknesses of wood may 
be employed with grain crossed. Shrinkage in the 
first ease results in tho einrle liocoraing more or 
less elliptic, and in the second in overlapping edges. 
In 148, a plate is built up in a way that obviates 
diametral shrinkage, but at some sacrifice of 
strength. Two thickneases are necessary, so that 
the sogmonts may break joint. It is adopted chiefly 
in pattern- making, when the pattern is of a charac- 
ter that requires rims similar to 149 on one or both 
faces of the plate ; 149 is a ring built in segments. 
In small rings the number of segments to a layer is 
usually six, and in large ones more. The end grain 
joints overlap in the layers as sho^n, and therefore, 
no matter how shallow the ring, there should l>e at 
least two layers or thicknesses, and preferably not 
less than three. Rings like this are usually turned 
in the lathe, luit not necessarily so. One segment is 
marked out and saMoi, and used as a templet to 
mark the others from. They are sawn roughly to 
shui)e, and the faces and ends fitted by planing 
them on a shooting board. They are glued and 
iiHunlly l>rud»led as well. Where comparatively deep 
segments are employed, as in 150, tho end grain 
joints aie often splayed and tongned, as shown. 
Fig. 151 shows narrow boards tonmied edge to edge 
to form a curve, the edge joints being bevelled to 
the requii ed inclination ; 152 shows another method 
of forming curved work too large or too wasteful of 
material to be cut from one ])ieec : 153 shows pieces 
halved together at a suitahlo angle to form a re- 
quired curve ; 154 is an example of staving up to 
form a cylinder or curved surface too large for 
solid wood. 

Splayed Work. The heads and sides of 
windows and doorways are sometimes splayed, 
and also the sides and ends of hoppers and other 
constructions. »Som(* marking out is necessary to 
obtain the angles at the joints ; 156, A, B, C, shows 
three views of a splayed constnitdion, in which the 
angles of tho sides in B are not the same as those of 
the top in A and C. The edges also are on one 
side bovcUod and on the other square with tlie faces 
of the wood. The face view at A docs not give the 
actual angles of the joints because the parts are 
viewed in an inclined position. The angles to cut the 
pieces to must be obtained by laying them out 
flat, as .shown by the dotted lines on the left-hand 
side in A. Tho width of the inner face, 1 to 2, in B, 
is taken and transferred to A by adding the dotted 
line 1 at a corresponding distance from the inner 
edge 2. The actual length of each edge is already 
correctly given in A, ana therefore tho length of the 
outer e^go is projected to the dotted line 1, and a 
diagonal drawn from that point to the inner comer 
on the line 2. These dotted lines give tho angle to 
which the wood must be cut to meet the other 
correctly w^hen the parts are tilted. If the angles 
of sides and top were alike, this would apply to 
all the pieces, but tho top, being more sloping, 
must be laid out similiirly from the view C. If the 
joints are mitred as shown, and the edges repre- 
sented in an inclined position, as in A, the true angles 
of tho mitre are obtained by transferring the actual 
thickness, 3 to 4 C, to A, and the side, 5 to 6 B, 
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to the similarly numbered lines in A ; 3 to 4 and 
5 to 6 being tilted differently, it wilf tie noticed, do 
not boar the same relation to the face lines in A. 
A diagonal from the inner to the outer corner of 
these edge lines gives the mitre. This, however, is 
alw'nys 45 deg. when the pieces to bo mitred are of 
similar thickness. 

Figure 166 is an example of a curved splay. A is a 
front elevation, B a vertical, and 0 a horizontal 
section. D is the inner curved surface of the splay 
supposed to bo stretched out flat. A piece of paper or 
other thin, flexible material cut to this shape might 
be bent round, and would fit the inside of the splay. 
D is called a face mould. Such moulds are often 
employed for marking out the shaiKJ of work of 
complex curves. In this case it is not really necessary 
because the form is given definitely in the views 
A, B, and C’, and material of the eorrcjet width 
would require only the semicircles marked on each 
face, and could then bo worked in straight lines 
across from one to the other. The face mould is 
developed by continuing the lines of the splay in C 
till they meet at the centre O. From this centre the 
curves of D are struck, their starting-points corre- 
sponding with the edges of the face, and their length 
obtained by dividing the curve in A, and Htejq>ing 
off that in B to similar length. 

Double Curvature. This is eommonly 
knovTi as circle on circle work. Th<^ form in which 
it is generally required is shown in 157, A, B, and ( •. 
It represents the head of a door or window fnime 
which is semicircular in elevation, as at A, and seg- 
mental in plan, as at B. C represents the side eleva- 
tion. To form this two pieces may bo jointed at the 
crown, or it may bo divided into three or more parts 
according to its size, The elevation and plan being 
given as at A and B, it is developed in two parts as 
follow's. The chord, 1, 2, is drawn in the plan, and 
the tangent, 3, 4, parallel with it. The distance 
lietween these lines gives the thickness of wood 
required. Face moulds I) and E are made, and, 
when laid on the front and back faces respectively, 
servo as templets for marking the ek'vation curva- 
ture of A, on the flat surfaces, 1, 2, and 3, 4, and 
also the angles of the joints on the face. The moulds 
are obtained by dividing the outer semicircle in 
A into any number of parts, one of which is marked 
O, carrying vertical lines down from them to cut 
the line 3, 4, in B, and then carrying them back 
radially to the centre the curves of B are struck 
from, cutting the line 1 , 2 in doing so. The line which 
starts from (I in the elevation is also marked O at 
each of those two jxjints in the plan. From tlu'so 
latter points lines are projected at right angles to the 
lines 1, 2, and 3, 4. Tho lengths of the vertical 
ordinates in A are now taken from the horizontal 
line up to each of tho points where they intersect 
the outer and inner semicircles, and these heights are 
transferred to the corresponding ordinates which 
have been extended from the lines 1, 2 and 3, 4 in tho 
plan B. Tho curves of the face moulds are then 
traced tlirough the points thus obtained. The curva- 
ture in C is obtained by measurement with dividers 
from the straight lines 1,2 and 3, 4, in B, to the 
curved ones contained within them, the measure- 
ments being made on the radial linos connecting 
the ordinates. If tho jambs radiate as shown, this 
must be allowed lor in placing the moulds. 

Mouldino^ main elemental forms of 

moulding are shown in 158 to 178. More complex 
forms are made up chiefly of a combination of these. 
Tho Grecian ana Roman differ in form in some 
coses, though the same names are applied fo botli. 
The Grecian are generally considered more graceful, 
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especially in curves like the ogee, which in tho 
Roman change abruptly in direction. Tlie Grecian 
curves are mostly elliptic or parabolic in form. 
The Roman are all parts of circles. The listel [158] is 
always used in combination with curves. The 
astragal [160] is a small semicircular projection 
running horizontally. When vertical, it is a cocked 
bead. When flush w'ith the surface, with a quirk or 
groove at its side, it is an ordinary bend. The 
Roman torus [168] differs from it only in being much 
larger and having a fillet on one side. The (Jrecian 
[162] is a parabolio sweep projecting about two- 
ilfths of its depth. Tho Roman ovolo and envetto 
[165 and 167] Uro quarter-circles ; the Grecian [164 
and 166], arc parabolic and elliptic curves. The cynui 
recta is two-cpiarter ellipses in the Grecian fl68] 
and quarter-circles in the Roman [169]. The cyma 
reversa is, in the Roman [171], merely reversed in 
position; in the Grecian [170] its form is also modi- 
fied. The scotia [172 and 178] is a compound curve 
in both Grecian and Roman, hut proportioned 
differently. Except those which are ptirts of circles, 
none of tho sweeps are rigidly fixed in contour, but 
are required merely to have a graceful ap]>earance. 
Their normal pro}>ortionK are indicated by divisions 
on the straight dotted linos. For working tliese 
mouldings by hand, planes of the correct form in 
various sizes aro generally employed. 

Enlargement and Diminution of 
Mouldings. The most convenient method of 
obtaining proportionate enlargements or reductions 
of mouldings is by means of radiating lines, as in 
174. The example shown is a plain cube, but if its 
form were irregular it could bo treated in tlio same 
way by adding any number of intermediate radial 
lines. 

A simple method of enlarging a moulding is 
shown in 175, where A is (*nlargc‘d at B by pro- 
jecting parallel lines from it to cut a diagonal of the 
required length. Tlie th iekuess of A may be increased 
similarly. 

In 176 tho moulding A is reduced to B by drawing 
horizontal and vertical lines from its ^jhic'f points 
to meet tho lines XX at right angles to them. 
From tho points XX in each case e<|uilateral 
triangles are draum to tho j>oints O, and the inter- 
mediate lines from the moulding aro converged 
to those points also. The lines J I across thes(‘ 
triangles represent the diminished size of the 
moulding, and tlie converged lines may be pro- 
jected along to it in one direction and transferred 
with dividers in the other. If the moulding is to 
bo proi>ortionatcly reduced in both directions the 
horizontal and vertical lines 1 1 must bear a 
definite relation to each other. Supposing the 
longer or vertical one to lie decided on first, th© 
lengtli of tho other is obtained by taking tho 
horizontal length XX and transferring it from 
X to 2 on the vertical line XX. From 2 a radial 
line is drawn to O, which gives the length 3 1 on 
tho vertical line 1 1 ; 3 1 will bo tho required 
length of the horizontal line 1 1 . 

Raking Mouldings. AVhon the ends of 
horizontal or vertical mouldings meet tho ends of 
inclined ones, as in skirtings, jiedimcnts of doors 
and windows, and various constructions, the sloping 
joint of the inclined one must correswnd in depth 
with tho 8(piare end of tho other, ana tho depth of 
euch measured square across cannot therefore be 
tho same. Tho entire ciontour of tho moulding 
also must bo correspondingly modified in cross 
section to mako the two pieces match at tho joint. 
In 177 we may suppose moulding fitted round a 
square body with a hovelled top. At A and C 
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horizontal moulding is sften in end view, and at B 
a section is given of inclined moulding for connecting 
A with C. Supposing the section at A already 
decided on, the required sections of the other two 
are obtained as follows. With the exception of the 
fillet at the top the moulding has no definite points 
from which lines can be projected, and therefore 
it is necessary to divide the curve into parts. 
From the points 1, 2, 3, 4, 5, 0, lines are carried 
up to the horizontal line above, and transferred 
from there to the eorresiiondingly numbered points 
on the slope, and from there continued across at 
right angles. Lines running parallel with the slope 
are also carried from the divisions on the curve in A, 
and where they intersect the other lines, points are 
given through which the contour of the inclined 
moulding is traced. The divisions on the top surface 
are again repea texl at C, and the verticals carried 
down to intersect the lines parallel with the slope, 
giving another sot of intersections through which the 
contour of C is traced. The curved line XX in 
the lower part of the figure indicates how a curved 
or 8'prum{j moulding would be treated, all the lines 
following the slojx! then being curved to correspond 
with it. 

Figure 178 is an exauqile of vertical angle bars of 
a shop window, 'J'heir ends are fitted to horizontal 
rails, and their points and backs arc required to be in 
line, no matter what angle they lie at. The shape 
of the curved portion may be obtained by divisions 
as shown. Fig. 179 shows raking bars such as 
might be used in a lantern light or greonhonae roof. 
A is at the ridge, B and C are sections through two 
(liflForent r1o|k*s, and D is a horizontal piece at the 
eaves. In these there are no curves, and it is 
necessary only to draw lines from their angles. 

Mitres of Curved Mouldings. With 
these straight mitres can only be employed under 
certain conditions. Fig. 180 is an instance where a 
straight mitre necessitates making the section of 
the curved moulding different to that of the straight 
one which it joins. By curving the mitre, two 
mouldingf^of similar sect ion may be made t^ match 
at the joint. The curve is obtained by running a 
number of linos parallel with each and tracing the 
curve through their intersections. The modified 
moulding is obtained by making ita lines meet 
those of the other on a straight mitre. Curved 
mouldings of similar radius and section will join with 
a straight mitre when their concave or convex 
sides are towards each other, but not internal 
curve with external 

Methods of Marking Out. The long- 
tooth, or grasshopiKT gauge is used as in 181, for 
gauging lines on different levels, or when an inter- 
vening projection prevents an ordinary gauge from 
being used. An alternative is to mark the distance 
at each end and rule a lino tlwough, but in some 
cases this is not possible. Measurements are made, 
as in 182, when the rule cannot be applied directly 
from one point to another. A flexible strip of 
steel or wood is often used for marking curved lines, 
either on a curved surface as in 188, or by bending it 
to a suitable sweep, passing tlirough the points re- 
quired, as in 184. The alternative to 188 is to 
fit a piece of wood or cardboard to the contour 
and mark against one of its faces, or to gauge from 
an end face. Curved lines may be gauged parallel 
with a curved edge by using ah attachment to the 
gauge, os in 185. Fig. 186 shows a rough method of 
marking such a line by hand. Much trouble 
may be saved, in marking a number^ radial lines 
some distance away from a centre, b^^iving a pin 
into the centre for the straightedge to near against, as 
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m 187. Figures 188 and 189 show methods of gauging 
pencil lines wl»en a considerable number are required 
alike. Fig. 188 is a block of wood rebated to the 
required distance and slid along the work with the 
pencil held against it or in a notch. Fig. 189 shows 
a gauge used similarly. Figs. 190 and 191 show an 
easy way of reducing the thickness of a piece of wood 
when it cannot bo sawn. It can be cut with less 
effort when the tools are used diagonally across the 
grain than when in the same direction. The edges 
are first bevelled down to the gauge lines. Then, 
if the amount to be removed is very much, a gouge 
is used first, and then a jack plane until the simface 
is almost down to the gauge lines. After that the 
planing is done in line with the grain. Spoke- 
shaves are used as in 192, and drawknives as in 193, 
with the work held in any convenient manner, 
usually in the vice. The spokeshave is used either 
from or toward the workman, as most convenient ; 
the drawknife always toward. 

Staircases. This, with handrailing, is a 
branch f)f joinery requiring special knowledge and 
skill. The arrangement of stairs should be decided 
on in planning a building, and the carpenter should 
consider them in laying the floor joists, as these 
latter sometimes have to extend through a wall 
to form a landing in the stairs. As in most other 
work, staircases an* put together as far as possible 
in the workshop. Stairs should be arranged to 
make communication between floors as easy ns 
possible. Two straight flights in opposite directions 
with a landing midway, are loss tiresome to use 
than on<^ continuous flight. A landing Is also 
better than winding stairs at a turn. The latter are 
adopted only when the total rise and confined space 
demand it. The height and width of each step 
should bear a certain proj)ortion to each other. 
An increase in one direction should mean a diminu- 
tion ill the other. Thus a step may be wide and 
shallow or narrow and high. If this rule is departed 
from, they are tiresome to use. A rise of 7 in. with 
a tread of 9 in. Or 10 in. wide, is found the most 
convenient, but unless the total rise and total 
amount of f/oiiig in the forward direction 
adapted for this it has to lie inodifiod. The joiner 
marks the exact rise and going of his staircase on 
a storey rod, and from this the number and size of 
the Fte])s are decided. A store}^ rod is simply a long 
rod about IJ in. square, on which the total lengths 
are marked. 

The individual ste})R of a .stain’ase have to be 
secured at their ends to timbers called strings^ 
which follow the slope of the staircase, and when 
the width of the stairs is considerable, or when laths 
for plaster have to be nailed across the under sur- 
face, one or more intermedia le crirrhiges are added. 
Landings and the ends of strings and carriages arc 
supported by joists from the walls, and often also 
by newel posts extending to the floor below. The 
boards of landings are usually buttoned instead of 
nailed to the joists. Where flights of stairs occur 
above one another a height of not less than 0 ft. 
must bo allowed between the nearest points for 
headroom. Staircases usually have a wall on one 
side while the other is oj^en and provided with the 
handrail and balusters. 

Principal Types of Stairs. There are 
four principal tyiies of stairs, three of which are 
shown in plan in 194 to 196. The simplest kind 
are straight, consisting of one flight, sometimes 
with winders at the bottom, Wind^rA, which is 
the term applied to winding or radiating steps, are 
never used at the top of a flight if it can be avoided. 
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The next form is shown in 194. These are known 
ns dog-leg. They consist of two or more straight 
flights running in reverse directions, either W'ith or 
without winders at the turns, and w^ith their hand- 
rails ill the same vertical plane. 

The foregoing are the two commonest types. 
Hie others occupy more space and are used chiefly 
in high-class houses and public buildings. One is 
known as the open weU, or o/?en newel, type [196], 
and the other as gcornetrical stairs [196]. The o)>en 
newel, in common with the straight and dog-leg 
tyjH's, have newel posts at each change of direction in 
the stairs and handraal. They differ from the 
dog-leg in having lateral space, called a well, iK'tween 
the flights. In making a turn the flights then are 
generally at right angles with each other instead 
of turning a somieircle from one flight to the next. 
Ceometrical stairs may be of several varieties, but 
they differ from all the foregoing types in having 
no newel posts, the handrailing and st-airs being 
made to change direction without sharp turns. 
These must not be confounded with spiral stairs, 
which have a central nowol. 

Details of Strings and Steps. Figure 197 
is a back view of a portion of a straight flight 
supposed to be on the bench in course of con- 
struction. The strings usually differ in character 
as shown. The one which goes against the wall is a 
parallel board IJ in. or 2 in. thick with recesses 
f in. or i in. deep cut in its face to receive the ends 
of the steps. These are lightened by wedges as 
shown and afterwards nailed from the other side, 
beside.s having glue-blocks in the interior angle. 
Sometimes the string is thickened up by nailing 
brackets within to supplement the depth of the 
hiTUsing. The other string has its upper edge 
serrated to the shape of the stairs, and the ends of the 
treads, or horizontal boards of the steps, rest on it. 
In cheap work they project an inch over to form a 
nosing similar to that on the front edges of the 
treads. The baluster ends are then housed about 

in. into it. But the usual method is to dovetail 
them in at the side and fit the nosing on after, by 
tringuing, secret screwing, or roughly by nailing. 
The front and side nosings are mitred at their 
joint. The risere, or vortical boards of the ste])s. 
nro usually stop mitred to the strings as shown. 
Another method is to mitre them to ornamental 
brackets as in 198. 

Steps arc first glued up separately as in 199. 
Figures 200 to 203 show various methods of jointing 
the treads and risers. Fig. 203 is known as slot 
screwing and is a plan adopted in many other 
instances. It allows the tread to shrink or swell 
in width without breaking the joint or siditting the 
W'ood. Th(' recesses for treads and risers in the 
wall string are marked out by templets of similar 
length and thickness to those parts plus the amount 
for wedging. The steps are afterwards fitted 
separately and numbered ready for the final gluing 
up. The positions of the steps on the string are 
marked by a templet called a pitch hoards which is 
a thin triangular piece of wood with two of its edges 
at a right angle representing the length and depth 
of one step. This is slid along the string against 
a guide behind it, which keeps its point to the 
nosing line of the stairs, and its angle in correct 
position. This is used on both housed and cut 
strings. The latter name is given to strings which 
arc notched out, as in 197 and 198. Occasionally, 
housed strings are fitted to the outer jMe of a stair- 
case, but usually they are on the wtw side and the 
outer ones arc cut. 
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Lrandin^s and Winders. Landings are 
either half or quarter space, according to whether 
they extend across the width of two flights, as in 
194, OP only one flight, as in 195. The usual method 
of arranging their joists are shown in those figures. 
Winders at quarter turns are divided into three, 
as 195, and templets made to mark the shapes of 
the treads by. The ends of the treads and risers 
that radiate from the newel post are housed 
into it. 

It is bad practice to have the nosing of a winder 
radiating into the angle of the walls. It should be 
divided as in 196 and 196. It is best, also, instead of 
radiating from the centre of the newel, to make the 
treads as wide as possible round the newel. Winders 
generally have to be built up in place, but as much 
as possible of the work is done in the shop, where 
there are betfer facilities for doing everything. 

Newel Posts. These are 4 in. or 5 in. square, 
with portions turned. In some cases they extend 
to the ground floor and help support the staircase, 
while in others their chief purjxise is to support 
i he handrail, and they terminate a few inches below 
the string in an ornamental end. Where they are 
em].)loyea the strings are tenoned into them as in 
204, and pinned. Newels are secured to joists 
by bolting them against the side, generally with a 
cogged joint. Tliis is done at landings where a 
joist or trimmer crosses the newel, and at the base 
when newels extend to the ground floor. 

Carriages. The under edges of these should 
be flush with those of the strings. To avoid great 
dc]>th they are generally stiffened and made to 
afford support to the treads by nailing rough pieces 
on either their sides or upper edges as in 205, 
A, B, 0. Their ends are fitted to joists or trimmers 
as in 206. Under winders they are framed into 
pitching pieces, which are fitted between newel 
and wall. 

Bullnose steps arc formed by bending thin wood 
round a rough interior block, as in 207. The 
riser is sawn down thin where it is to be l^ent, and is 
glued and tiglitened by wedges at one side. Screws 
are afterwards put through into the thick part as 
showTi. 

Geometrical Stairs. These have no 
newels to receive the ends of handrails at. the turns, 
but the rail is supported entirely by balusters, and 
changes its direction in curves. The outer string 
also must curve similarly round the well. This may 
be done either by staving it up or by reducing its 
inner face to a veneer, and bending it round a 
cylinder of the required size and gluing staves 
on the back [208]. Another way is to l^nd and ghio 
several thicknesses of thin wood together round 
the cylinder, keeping them there till the glue is set. 
P'ig. 209 shows the method of obtaining the stretched 
out shape of a semicircular bend like that in 196. 
The divisions on the line XX represent the semi- 
circle stretched out flat. This may be done in a 
number of ways. The one shown is by projecting 
lines from an equilateral triangle through the points 
on the curve. From the line XX they are 
carried in parallel lines giving the tread widths. 
The drawing is developed by adding the riser 
heights, which arc all alike. 

Handrailing. In stairs with newel posts 
the handrail is usually straight and tenoned into 
the posts at each end. Its inclination follows that 
of the staircase. Its height should generally be 
3 in. or 4 in. more on a landing than on the stair 
incline. Its inclination over the narrow ends of 
winders is naturally much greater than over full- 
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width fliers, nnd therefore its height above the trends Raluftters. Balusters may be housed or 
of winders should bo correspondiMly diiuinisbed tenoned into tho tinder siirfaoo of the rail, or skew- 
to make it convenient for use. this reason nailed cither into a groove or merely against the 

straight mils are sometimes curved in elevation surface. A very substantial method often adopted 

at each end, as shown in 210. In goometrioal stairs for geometrical stiiirs, is shown in 212. An iron core 

tho handrail is supported only by tho balusters is screwed to tho tops of tho balusters, and this is 

beneath it, and is winding or twisted in form to screwed into a groove in the under surface of the 

follow eoiTeetly the turns round tho well while rail. Balusters may bo either plain square rods, 

rising simultaneously with the stairs. These are or rendered more ornaniental by having their middle 

termed umaJths^ and the work connected with tlieni, |>ortion8 turned. The turned portions should bo of 

and often the proiK>rtioning of the steps below them similar length, and follow the angle of the string and 

to obtain a giaceful sweep, is done by sp^ialists. rail, tho square ends being varied in length aceord- 

The principle on which a wreath is formed is shown ing to their positions on the treads. In most coses 

in 2x1, which gives elevation and plan of a semi- two balusters occur on each tread, ono over tho 

circular wreath. Tho ac.tual marking out involves nosing, and tho other equally divided horizontally 

a great deal of geometry, and to go into details between that and the next nosing. The dovetails 

would occupy more space than can bo afforded are marked by templet on the ends of the treads, 

in this course. The joints in rails are usually In geometrical stairs iron balusters of similar pattern 

square, and are held generally together by a to the wood ones are placed at intervals to afford 

handrail bolt and by two dowels. substantial support to the handrail 

JoiNEBT concluded ; idlawed hy Plasteeinq 
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is derived from the vegetation of past 
^ geological epochs, subjected for vast 
periods of time to great pressure and heat. 
The result of a long series of slow chemical 
changes is to got rid of a large proportion of the 
hydrogen and oxygen, and to increase the 
proportion of carbon [see Natural History]. 
Peat, abundant in the bogs of Ireland and other 
parts of the world, shows an early stage of the 
process. The fibrous arrangement is still clearly 
seen. There is a large proportion of water, 
and owing to the smaller proportion of carbon 
the heating power of compressed peat is only 
about one quarter of that of coal. Lignite., 
with 70 per cent, or less of carbon, is inter- 
mediate between peat and coal, but the harder 
varieties, known as brown coal, closely resemble 
the latter. Some of the vast lignite deposits of 
North America are an excellent substitute for coal. 

The Two Kinds of Coal. Of coal 
there are two well-marked kinds — soft or 
bituminous coal, with 50 per cent, or more 
of carbon, and anthracite, with as much as 
94 per cent. Bitmninmis coal lights readily, 
bums with a flame, and produces a varying 
amount of smoke. Its varieties are very 
numerous, one of the best marked being the 
well-known cannel coal. Steam coal, interme- 
diate between bituminous coal and anthracite, 
contains little bitumen, so that it is smokeless, 
while the high proportion of carbon gives great 
Ji eating power. This steam coal is in great 
demand for naval U8(‘. Anthracite is hard to 
light, burns without flame, and gives out great 
heat. Its smokel ^ssness makes it very suitable 
for ust? in cities, as in the Ignited States. It is 
also used in brewing. 

Coke is produced by heating bituminous coal 
away from the air. The volatile substances are 
driven off, and the icsiduum approximates in 
properties to anthracite. Ooke is an important 
by-produ(;t in the manufacture of coal gas. It 
bums with intense heat, and its freedom from 
sulphur makes it valuable in many metallurgical 
operations. Coals are often spoken of as coking, 
or non -coking. The former, which cake or fuse 
in burning, are preferred for special purposes — 
for example, as fuel for locomotives. 

Growth of the Use of Coal. The use of 
coal is of no great antiquity in Europe. What- 
ever may have been the case locally, it was not 
used in London before the thirteenth century. 
In the seventeenth century the total produc- 
tion in England had reached over 2,000,000 
tons. The introduction of steam power enor- 
mously increased the consumption of coal, 
and resulted in a redistribution j|f popula- 
tion in England and other coun^es. 
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CoalHelda of the World. Estimates of 
the total area of the World’s coalfields differ 
widely. The area can hardly be far under 

500.000 sq. miles. According to Mr. Chisholm, 
there are approximately 250,000 sq. miles in 
North America, chiefly in the United States. 
The coalfields of China cannot be less than 

200.000 sq. miles, and may be more. The coal- 
fields of Britain may bo put at about 12,000 
sq. miles, while those of the Empire are roughly 

140.000 sq. miles. Russia has about 20,000 
sq. miles ; Spain, 5,000 ; France, Germany and 
Austria-Hungary, round about 2,000 ; and 
Belgium, 500 sq. miles. Area, liowever, affords 
no satisfactory basis for estimating the actual 
resources. Much coal lies at a depth impossible 
to work, as, for example, on the South Wales 
coalfield, wdiere the coal-bearing strata are 

10.000 ft. thick. In other cases the seams may 
be 80 thin as not to pay for working, or the 
quality may l)e inferior. Temperature increases 
rapidly though not uniformly with the depth 
of a mine, rendering extraction beyond a certain 
depth a physical impossibility [see Minino]. 
The element of cost has also to be taken into 
account in deep mining. At the present time a 
depth of 4,000 ft., and a seam thickness of 2 ft. 
are commonly assumed as w-orking conditions. 
No mine yet reaches this depth, though the 
deepest mines of this country and of Belgium 
arc not far short of it. 

How Long Will Our Coal Supply 
Last ? The over increasing d(‘raand for coal 
has led to investigations into the probable 
duration of our coal supply. Two Royal Com- 
missions have reported on the subject, the 
second in 1904. On the workings of 1903 our 
reserves would apparently last for 600 years, but 
the output is not likely to remain steady. 
More probably it will reach a maximum within 
no distant period, and then almost imperceptibly 
decline owing to the gradual increase of work- 
ing cost. 

The largest coalfields of Britain are those of 
(1) Central Scotland, in the rift valley between 
the Scottish Highlands and the Southern 
Uplands ; (2) South Wales ; and (3) the marginal 
coalfields of the Ponnines in the north-east, 
south-east, and south-west. 

The Coalfields of Scotland. The Scot- 
tish coalfield is divided into the Ayrshire coal- 
field, the Central, or Forth and Clyde coalfield ; 
the Fife coalfield ; and the Midlothian coalfield. 
The estimate furnished to the Royal Commis- 
sion of 1904, was that more than 15,000,000,000,000 
tons are available, including workable coal under 
the Firth of Forth. The bulk of this is in the 
counties of Fife (with Kinross), Lanark, the 
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Lothians, Stirling and Ayrshre, The output for 
1904 was 35,600,000 tons, half ‘ of which was 
from Iianarkshire, which feeds the creat in- 
dustrial region of which the Clyde is the centre 
and outlet. 

The douth Wales Coalfield. The 

vSouth Wales coalfield ranks next in size, with 
an area of over 900 sq. miles. Deeply cut 
valleys penetrate into this mountainous region. 
t)ringing the outcrop to the surface and enabling 
the seams to bo worked cheaply. This explains 
w'hy the mines were long and shallow as compared 
with those of the North of England, though 
many are now' carried to over 10,000 ft. The 
ports at- the mouths of the valleys, of which the 
most important are Llanelly, Swansea, Caidifi’, 
Barry, and New'port, are w'ell placed for export- 
ing coal cheaply. Much is used locally for iron 
smelting, the tin plate manufacture, etc. The 
eastern part of this field consists of bituminous 
coal. Tlie centre supplies most of the steani 
< oal for the Navy, while anthracite is mined in 
the western part. More than 26,000,000,000 
tons are estimated to be available w'ithin 4,0(M> 
ft., lialf being st-eain coal. At the rate of output 
in 1903 (42,000,000 tons) this would last about 
(iOO years. 

The Coalfields of the North of 
England. The coalfield of Yorkshire, Derby, 
and Nottingham, the largest in England, is 
about 750 sq. miles in area. The Silkstone is 
one of the best seams. It is continuous w ith 
the Arley coal of the Lancashire coalfield, and 
must originally have covered an area of 10,000 
sq. miles. The Barnsley coal is of a semi- 
anthracitc character, developing a great heat 
<*ither as engine or smelting fuel. The i stimated 
amount of W'orkable coal in 190.3 Avas over 
2(1.000,000,000 tons, available for 500 years at 
the rate of 190.3 (52,000,000 tons). Tliis coal- 
field supplies the Yorkshire woollen and iron 
industries. 

The Durham and Northumberland coalfield 
also lies east of the Pemiines. The seams w4ueh 
run under the sea might probably be followed 
for about three miles. A famous seam is the 
Wallsend, fiA^e or six feet thick. Newcastle coal 
is in great demand in Tx>ndon, and also locally 
for the vast iron industries of the Tyne and 
Tees. The output in 1903 was nearly 45,000,000 
tons. The area of Arisible coalfields was estimated 
at 460 sq. miles, in addition to 226 sq. miles of 
concealed coalfields and 111 sq. miles under the 
sea. The estimated amount of workable coal w as 
estimated in 1903 at nearly 9,000,000,000 tons. 

Two important coalfields, those of Cumber- 
land and Lancashire, lie on the western flank 
of the Pennint^. In the (Jumberland coalfield 
all the coal lies within 2,000 ft. of the surfac'e. 
It is chiefly mined round Whitehaven, Working- 
ton and Maryport, and the workings have been 
carried about three miles under the Irish Sea. 
The amount of coal available has been estimated 
at 1,600,000,000 tons, which at the rate of 1903 
(over 2,()(K),()00 tons) would last about 700 years. 

The South Lancashire coalfield, which extends 
into Cheshire, is an irregular area of over 200 
sq. miles. Its output in 1903 was not far short 


of 25,000,000 tons, a ^at part of which feeds 
the great cott-on and iron industries of Lanc-a- 
shire. The southern part of this coalfield is one 
of the most densely populated parts of Europe. 
The estimated reserve is 4,340,000,000 tons. 

Coal for the BlacK Country. The 
North Staffordshire coalfield is not very large 
(75 sq. miles), but it has thick seams of 
workable coal. The coal-bearing strata are 
perhaps 5,000 ft. thick, with a total thickness of 
w'orkable seams amounting to nearly 3,000 ft. 
Workings are carried down to nearly 3,000 ft. 
This region is not yet developed to an 3 rthing like 
the extent possible, since few districts in the 
United Kingdom are so richly endowed with 
mineral wealth. The Soutli Staffordshire coal- 
field, on the contrary, once enormously rich, has 
Ix'en much depleted to feed the furnaces of the 
Black Country, Tlie w'hole country between 
VV’olv(‘rhampton, Dudley and Birmingham 
forms one great workshop [see 72, page 1274]. 
Professor Hull has vividly described the scene at 
night, as viewed from the walls of Dudley Castle, 
in the centre of the coalfield. ‘‘ The whoh* 
country witlqn a radius of five or six mffes is seen 
to l)e overspread by collieries, iron foundries, 
blast fumju^es, factories, and the dwellings of a 
demse population, and from anlidst the thick 
smoky atmosphere the tongues of fire from the 
furnaces shoot up an intermittent light which 
illumines the whole heavens. But the spectacle 
does not represent the Avhole sum of human 
labour, for whilst 10,900 hands arc at work above 
ground, one half as many, perhaps, arc beneath 
the .'surface hewing the coal which is to be the 
prime mover of the whole machinery in motion 
alK>ve ground.^’ The total thickness of the 
w'orkablc seams in the Dudley district is about 
65 ft., a famous seam being the Ten-yartl, with 
a general thickness of .30 ft. Ihrobably nine- 
tenths of this rich seam are now worked out, 
drowned, or otherwise destroyed. In this area 
of 93 sq. miles, there w ere perhaps 1,4(X),0(X),000 
tons still available in 1903, in which year over 
13,(MX),000 tons were raised in the two Stafford- 
shire coalfields. 

3'he WarAvickshire coalfield has the advantage 
of Ijeing the nearest to London. The area at 
present worked is about 30 sq. miles, with per- 
haps 30 ft. of workable seams. It may yield 
nearly 850,000,000 tons. The output in 1903 
was rather under 3,5(X),000 tons. 

Some Minor Coalfields, The Bristol 
coalfield, which extends to Gloucester and over 
much of Somerset, has two series of coal-beariog 
strata, separated by harsh sandstones. The 
tot.*!! area has been put doAvn at 150 sq. miles, of 
w^hieh all but 45 sq. miles are concealed by more 
recent formations. The output in 1903 wna 
about 1.500,000 tons, and it was estimated that 
OA’or 4, 000,000, (XX) tons might be available. Of 
this more than one-eighth is steam coal, suitable 
for the Navy. 

There are numerous smaller coalfields, such ns 
those of North Wales, Coalbrookdale, and the 
Forest of Dean. The total output for the whol<5 
of England in 1904 was over 161,0(K),(XX) tons, 
while Wales produced about 35,500,()00 more. 
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The total for England and \Vale< was thus nearly 

197.000. 000 ton?, giving a total for Great Britain 
of over 232,000,000 tons. 

The Irish coalfields are spiall and little 
developed. The most important are those of 
Dungannon in Ulster, and of Kilkenny in 
I-ieinster. The output in 1903 was only 100,000 
tons. About 175,00(),0(K) tons are estimated to 
exist. 

Total Coal Resources of Britain. 

The recent Royal Gommission estimatc^l that 
there existed reserves of coal amounting to nearly 
J01,750,(X)0,0(X) tons in visible coalfields, and to 
over 39,000,000,000 tons in concealed coalfields. 
This vast amount, enough at the rate of 

230.000. 000 tons a year to last for six centuries, 
includes none more than 4,000 ft. below the 
surface, or more than three miles under the sea. 
The value of the estimated output is about 
£95,000,000 annually. 

The quantity of British coal exported has for 
several years exceeded 40,(MKJ,(X)0 tons. In 1904 
it exceeded 40,000,000. This dries not include 
bunkerage for consumption on lo\rd ship, 
which amounted in 1904 to over 1J,( 00 000 tons, 
making a total of nearly r>4,000,rX)() tons, or over 
30 per cent, of the output. France, Gennany, 
and Italy are the largest imjiorters. 

For a list and map of the British coalfields, see 
pages 987 and 988, and for th<‘ use to whicli the 
coal of each field is put, see tlie “ Industry and 
Trade of Great Britain,’’ in a later article. 

Ruaaian Coalfields. The coalfields of 
Russia are nearly twice as great in area as 
those of Britain ; those of Spain are less than 
half as great as our own. Here, again, area is 
not the propter basis of calculation, for Ger- 
many, with less than one -tenth of the actual 
area of the Russian coalfields, is the third largest 
])rodueer in the world. 

Tlie coalfii'lds of Russia arc found (1) in 
South -w'cst Poland ; ( 2 ) in the Donets basin, 
covering an area of over 10,(HKt sq. miles ; (3) in 
Central Russia round Moscow ; and (4) in the 
Ih’als. Beyond the eonfin(*s of European Ruasia 
are the coalfields of the < ‘aucasiis and the Altai. 
Tlie Moscow, Donets, and Polish coalfields are 
all developing rapidly. The pj’csent output of 
Russia is about 1 (3,0()0,(HX) tons, v alued at nearly 
£7,(X)0,000. 

Spanisht French, and Belgian Coal* 
fields. Between Santander and Oviedo is the 
potentially rich coalfield of Asturias, with 60 
workable seams of good quality. There are also 
rich deposits in Eastern Spain. The present 
output, however, is small, being under 3,0(X),<XX) 
tons, valued at less than £1,(XX),(XX). 

The important Franco- Belgian coalfield 
stretches from near Aachen to Calais (210 miles), 
where the strata dip }>eneath the Channel, to 
reappear near Dover and in the Bristol coalfield. 
On this coalfield are the iron toums of Li^ge, 
Namur, and Mons in Belgium, the cotton town 
of Lille in France, and many smaller industrial 
towns in both countries. The total area is 
about 1,200 sq. miles, but the strata are h| places 
interrupted by or buried beneath the ffalk. 

In Central BVance, on the fianks of the Central 
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Plateau, are many small fields of which St. 
Etienne is the busiest centre. This also supplies 
the silk industry of Lyons. 

The present output of France exceeds 
32,(XX),fXK) tons, valued at £19,000,000. The 
Belgian output is 22,000,000 ions, valued at 
£13,(XX),0a). 

The Coalfields of Germany and 
Anstria«Iiungary. The Saar coalfield is the 
largest in Germany (900 sq. miles), supplying the 
rapidly growing industries of Alsace-ljorraine. 
The strata probably descend to 20,000 ft., so 
that the full resources can never be utilised. 

’Phe Westphalian or Ruhr valley coalfield 
extend.? from the Rhine at Duisburg and Ruhrort 
for about 40 miles tip the Ruhr valW. The 
great iron towns of Essen and Barmen- El berfeld 
are on the coalfield, which also export^s coal by 
the Rhine. 

The other important coalfields are in Saxony, 
oil the flank of the Erz Gebirge, or Ore Mountains, 
and in Silesia, on the fianks of the Riesen Gebirge, 
and in the extreme south-east at the western 
end by the Polish field. The total output of 
(termany is about 130,000,(XX) tons, alx>ut half 
that of Britain, valued at £55,(XX),0(X). 

In Austria-Hungary coal is found in Bohemia, 
Moravia, and Silesia, in the flanks of the Central 
European Highlands. There is practically no 
coal in the Alpine provinces, but some lignite is 
found in Styria. The output is about 40,000,000 
tons, valued at £9,000,000. 

In the other countries of Europe coal is 
unimportant. 

The Coalfields of Asia. China probably 
possesses the largest and ricihest coalfields in the 
world. The province of Shansi, in Northern 
(Jhina, ha.s seams of coal 40 ft. thick, and easily 
accessible. Iron is also abundant, and the whole 
region is destined to become a second and richer 
i^ennsylvania The deposits are continued in the 
adjoining province of Honan. In the Yangtse 
basin of Central China, and especially in the Red 
Basin of Szechwan, coal is exposed in the gorges 
of the Yangtse and its affluents, needing only to 
Ik* followed by otUls, as in South Wales. There 
are also coalfields in Hunan and Kwangtung in 
Southern China, in Manchuria, and in Korea. 
Japan has coalfields in Kiushiu, Yezo and 
Formosa. In Tongking there arc coal seams 70 ft. 
thick. Still further south coal is found in Borneo. 

(^oal is found in many parts of India, but 
most abundantly in Northern India. The most 
important coalfield at present worked is that 
of Raniganj (500 sq. miles), about 120 miles 
from (’alcutta. The output of India is at 
pr€*sent only 7,000,000 tons. 

Australasian and African Coalfields. 
Important coalfields lie between the Groat Divid- 
ing Range and the Pacific Ocean, in Now South 
Wales and Queensland. Newcastle, at the* 
mouth of the Himter River, is the outlet for the 
minp>s of that district. At Brisbane, the capital 
of Queensland, says Professor Hull, quoting the 
famous Australian geologist Clarke, steamers 
can load by lying literally at the mouth of the 
mines,” for the coal seams are exposed close to 
the sea and are accessible by adits. Tasmania is 



also well provided with coal. In New Zealand 
North Island has considerable deposits of lignite, 
while South Island has both lignite and coal, 

Africa is poorly provided \^ith coal in com- 
parison with the other continents. A little is 
found in Abyssinia and British East Africa, but 
the rich coalfields of the continent are south of 
the Zambezi, in British territory. Large de}> 08 it 8 
of good coal occur in Rhodesia, the Transvaal, and 
the Orange River Colony. Oood bunker coal is 
obtained from Newcastle and Dundee in Natal, 
and there are also deposits in Eastern Cape 
Colony. If, as some geologists think, these are 
parts of a single great coalfield, the potential 
resources of South Africa are considerable. 

CoalHelda in the New World. Coal 
is very imequally distributed in the New World. 
In South America it occurs in parts of Venezuela, 
Southern Brazil, Uruguay, Argentina, including 
Southern Patagonia and Tierra del Fuego, 
(!5hile, and Peru, but not to any groat extent. 
The output of (.'hile, though increasing, is not 
yet large. The coalfields of North America vie 
with those of Eastern Asia in extent and value. 

Rich coalfields are worked in Nova Scotia in 
the east, and in Vancouver Island in the west 
of Canada, the Nanaimo mines of the latter 
yielding the only good coal of the Western 
Pacific shores. In the intt^rior, coal occurs from 
Manitoba westwards, especially in the Rocky 
Moimtains, but owing to the lack of communi- 
cations and population, only a fraction is worked. 
The coalfield west of the C/Fow s Nest Pass, now 
reached by the railway, is said to be one of the 
most extensive deposits in the vorld. Unfortu- 
nately, Eastern ('anada, the most densely- 
populated part, is destitute of coal, and imports 
much from the I’^nited States, Buffalo being the 
chief lake port. 

Coal in the United States. The United 
States ranks fii*st among the coal-producing 
countries of the world, with an output of 
284,000,000 tons, valued at nearly £85,000,000. 
Coal is said to underlie about one-sixth of the 
country, but estimates of the total area of the 
coalfields vary considerably. Those of the late 
Professor Rogers made it about ] 97,000 sq. 
miles, but t he later estimates of Professor Hiteli- 
cock raise it to nearly 230,0(M) sq, miles. Other 
estimates put it at. a still higher figure. The; 
figures given below are those of Professor Hitch- 
cock. Bituminous coal is mined in twenty-five 
States, Pennsylvania, Illinois, Western Virginia, 
and Ohio coming first. Much coal is locally 
used, especially in the busy icgion round the 
Upper Ohio. 

The coalfields of the United States arc (1) 
the Appalachian field, extending froju New York 
to Alabama, a distance of 900 miles, through the 
States of Pennsylvania, Maryland, West Virginia, 
Ohio, East Kentucky, Ti'iinessee, Georgia, and 
Alabama. In West Virginia the thickness of 
coal is about 50 ft. The total area of the coal- 
field is over 63,000 sq. miles. The coal is often 
exposed in the dcM?ply-cut mountain valle 3 rs, so 
that it can be easily and cheaply worked. The 
numerous rivers transpoit it cheaply to the 
low^ns and industrial centres. Its combination 
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with iron in Western Pennsylvania has created 
the great iron industries which centre round 
Pittsburg. In this region, and especially at 
Connellsville, is made three-quarters of the coke 
of the Unitod States, used chiefly in the pig 
iron industry. The output of Pennsylvania is 
about 82,000,000 tons of bituminous coal. New' 
York ranks next to London as a coal market. 

The Central Coal Basin, east of th(‘ Missis- 
sippi, in the States of Illinois, Indiana, and 
Western Kentucky, is over 51,000 sq. miles in 
extent, with a maximum of 30 ft. of coal. The 
northern or Michigan basin is small, under 
7,000 sq. miles, with a maximum of 11 ft. of 
coal. West of the Mississippi is the vast West 
Central or Missouri coalfield, w'ith an area of 
over 100,000 sq. miles, in the States extending 
from Iowa to Texas, and including parts of 
Nebraska, Missouri, Arkansas, and Indian 
Territory. Much of the Texas coal, how'cver, is 
poor in quality. There is also coal in parts of 
the Rocky Mountains, and in parts of the 
Pacific coast. 

A Vast Deposit of Anthracite. 

Pennsylvania also leads in the production of 
anthracite, turning out about 55,000,000 tons a 
yiw. The deposit area of anthracite, Susque- 
hanna. Lehigh, and the Schuylkill valleys of 
Eastern Pennsylvania, is estimated at about 
450 sq. miles. A species of anthracite, resem- 
bling graphite and very difficult of combustion, 
is found in the Now England basin, estimated at 
750 sq. miles in area. Small deposits are also 
found in Colorado and New Mexico. Lignite is 
abundant in the westeni part of the (-entTal 
Plain, and round the Gulf of Mexico. 

Most of the United States coal is absorbed by 
the honn^ market, though increasing quantities 
are exported to (Canada, the West Indites, Central 
and South America. 

In Mexico coal is found in several parts, but at 
a h(*ight of from 2,000 to 4,000 ft. above the 
sea. Then^ is also some coal in Central America 
and the West Indies. 

The w'orld’s output of coal at the present time 
thus amounts to over 800,000,000 tons a year, 
valued at nearly £300,000,000. 

Petroleum. Petroleum is a liquid mineral 
product, stored in subti^rranean reservoirs. 
Those arc generally readied by boring, but there 
are also “ gushers,'’ or free-fiowing w'ells, yielding 
many thousands of gallons daily, much of w'hieh 
runs to waste before storage apparatus can be 
erected. The crude oil is usually carried in 
pipes to the centres from wliich it is distributed, 
reiined, or unrefined, as the case may lie, by 
pumping it into tank cars or tank stcamei-s. 

Petroleum is widely distributed. It is found 
in Germany, Galicia, Rumania, and on a vast 
scale in Southern Russia in Transcaucasia. The 
petroleum of the oil -fields of Burma is carried 
by pipes to Rangoon, for the Indian market. The 
line of deposits is continued in the islands of tho 
Eastern Archipelago (Java, Sumatra, Borneo, 
the Philippines), near Sydney, in New South 
Wales, and in New Zealand. Africa 1ms workable 
deposits in Algeria and Cape Colony. The oil- 
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fields of North America vie with those of Bussia, 
Those of South America (Peru, Venezuela, Argen- 
tina) are less considerable. 

Baku, on the Caspian Sea, is the chief centre 
of the Russian oil industry, which in 1901 pro- 
duced nearly 300,000,000 gallons. Political 
strife and insurrections have greatly injured it 
in the last year or two. Much of the output goes 
across the Ca8])ian to Astrakhan and the Volga 
for the Europivni markets. Some is distributed 
through Batum and Poti, on the Black Sea. 
The rcistriction on sending oil in bulk through 
the Suez Canal is now removed, and Port Said is 
the depot for the Eastern market. 

Petroleum in the New World. The 
first boring for }Xitroleum in the United States 
made in Pennsylvania in 1869. The product 
was refined round Pittsburg and Oil City. This 
region still leads in output, with 20,000 wells 
and several thousand miles of pipes loading to 
refining and exporting centres on the Great 
Lakes and the Atlantic coast. Ohio, Indiana, 
Texas, and California have increasingly imjK)rtant 
sources of supply. Fresh discoveries will doubt- 
less be made. As lately as 1901 a very produc- 
tive region was found at Beaumont, in Texas, 
less than 20 miles from the sea. 

The distillation of pet roleum is said to yield 200 
different products which are widely used in the 
industrial arts. The lighter oils, known in the 
United States as kerosene, are used for lighting, 
the heavier (American paraffin) for heating and 
lubricating machinery. Oil fuel for steamers and 
trains, already used to some extent, has probably 
a great futur'e. Other products, all highly inflam- 
mable, are naphtha, gasolene or j)ctroI, benzene, 
benzoline, and rhigoline, the latter used to 
cause local anaesthesia by rapid evaporation. 
The residuum yields paraffin and vaseline. Tho 
former is used in making candles and to insulate 
electric wires. Ozokerit, a very similar substance 
of natural origin, found in Galicia and Utah, is 
put to the same uses. 

British paraffin oil and paraffin wax arc distilled 
from bituminous shale' near Edinburgh, Simi- 
lar shakes are worked in New South Wales and 
Queensland. 

Natural gas occurs in many parts of the United 
States, but is commercially important only in 
Western Pennsylvania and parts of Ohio and 
Indiana, where it is carried by pipes to tho 
industrial centres. It has six'cial advantages in 
glassmaking, which has become important in 
Western Pennsylvania. 

Asphalt, ttserl in street paving, can be obtained 
from petroleum, but its commercial sources are 
tho natural deposits in Barbados, Trinidad, 
Venezuela, Algeria, the Swiss Jura (Val de 
Travers) and other parts of Europe. 

Iron and Steel. Iron ranks next to 
coal in commercial importance. Directly or 
indirectly, it is used in nearly all industrial 
undertakings, so that tho material condition of a 
country can bo roughly estimated by the annual 
consumption of iron. In tho Unifm Kingdom 
and the United States, it amounts t^about 
300 lb. per head of the population, agafflst less 
than 3 lb. in India. Iron is said to occur pure in 
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Greenland, but elsewhere it is mixed with carbon, 
sulphur, phosphorus and other impurities, 
[See Meials.] The principal iron ort^s are 
(1) the black oxide or magnetic iron of Sweden, 
the Urals, Canada, and the United States ; (2) 
the red or brown luematites of Northern Spain, 
Elba, France, (lermany, and the British Isles. 
In England there are deposits 15, 30, or 60 ft. 
thick, in the Furness district. Tho purer 
carbonates of iron are known as spathic ore, 
the less pure as clay ironstone and blackband 
ores. The Eisenerz district of Styria is the chief 
source of spathic ore. Some spathic ores are 
rich in manganese, which plays an important 
part in the Bessemer process. [See l>elow. 1 The 
c‘.lay and blac^kband ores are very common in 
Britain. The sulphides, or iron pyrites, arci 
valuable only for the sulphur they contain, a 
minute percentage of sulphur Ixing extremely 
injurious in iron. 

The Supply of Iron. Iron is very 
widely distributed over the world, but tho 
United Stahis, the United Kingdom, and Spain, 
are the chief sources. The best ores are those of 
Canada, Lake Superior, Sweden, and Algeria, 
The chief iron fields of Britain are in tho Scottish 
coalfield, on the C’umberland coalfield, including 
the Furness district of Lancashire, round tho 
Tyne and Tees, including the Cleveland district 
of North Yorkshire, on the Yorkshire coalfield, 
especially round Sheffield, in many parts of the 
Cc*ntral Plain, especially on the coalfields, and 
on the South Wales and Bristol coalfields. 

In tho United States the Northern Appala- 
chian region (Pennsylvania, New York) has 
in recent years been passed by the Lake Sui)erior 
region (Minnesota, Michigan) and by tl»e Southern 
Appala<;liian (Birmingham, Ala.). 

Iron occurs either at the siu'face or at con- 
siderable depths. The Bell Island mines of 
Newfoundland are really an open quarry of 
j’ed hjcmatite. Some of the famous iron ores of 
Lake Superior can bo extracted by steam 
shovels, the daily output of each shovel Ix'ing 
from 1,600 to 2,000 tons. 

Iron entom into commerce as pig ii*on, cast 
iron, wrought iron, and steel. 

Iron Smelting. To remove impurities 
iron must lie smelted. Before tho use of coal, 
the fuel was charcoal, but only very pure ores 
could be used. The iron industry was then con- 
fined to forested districts such as the Forest of 
Dean, in this country, or the Weald, which was 
gradually deforested by the ironworkers. The 
black oxide occurs in rocks in which coal is very 
seldom found, and these ores are still smelted 
with charcoal in Sweden and Russia, both forest 
countries. Tlie process is much dearer, but a 
much better result is obtained. With the intro- 
duction of coal fuel the iron manufacture shifted 
to the coalfields. In our own country coal and 
iron generally occur together. This is one of our 
great commercial advantages. Where they do not 
occur together it is more economical to carry 
the ore to tho fuel, for the equivalent of two 
tons of coal is needed to turn out one ton of 
steel. This is profitable only where water 
transport is avauable, as in the case of Lake 
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Superior, Sweden, and Northern Spain. Where 
long railway freights would l)e incurred, as with 
the rich iron deposits of the Rockies, iron, how- 
ever abundant, is commercially of little value. 

Coke, which is relatively free from sulphur, 
petroleum, or natural gas, is also used in iron 
smelting. 

To extract iron from the ore the latter is 
smelted, or melted, by intense heat, in blast 
furnaces with forced draught. The largest 
furnaces in this country are round Middles- 
broTigh, the centre of the Cleveland district. 

Where coal, iron, and limestone occur together 
a district is ideally situated for iron smelting. 
This is the case in the coalfields of the Pennines, 
in this country, and in the Birmingham district 
of the Southern Appalachians. 

The World’s Production of Iron. The 
total quantity of ore to-day extracted exceeds 

90.000. 000 tons, valued at over £26,000,000. 
The United States turn out nearly 31,000,0tK) 
tons, or over one-third ; Germany (with J^uxem- 
hurg), 17,500,000 tons, or nearly one-fifth ; and 
the Unit^ Kingdom, over 13,0rX),000, or onc- 
seventh. Spain produces 8,000,0(X) tons, Russia 
and France about 5,00f),000 tons each, and 
Sweden and Austria-Hungary over 8,000,000 tons. 

The world’s production of pig iron is about 

50.000. 000 tons, the United States loading with 
23, OCX), 000 tons in 1005, or more than one-third. 
In 1905 Britain turned out 9,593, (K)0 tons. 
Half a century ago the United States produced 
pnly half a million tons, and this country only 
2,225,000 tons. 

Wrought iron, which is malleable, ductile, and 
very flexible, is made by stirring or “ puddling ” 
molten pig iron in contact with the air to burn 
out the carbon. 

Steel. Steel is a form of iron in which the 
small proportion of carbon required seems to 
enter into chemical combination with the iron 
instead of being present as an impurity. vSteel is 
harder and stronger than iron and finer in grain. 

For ordinary purposes steel is made by one 
of three processes — the Bessemer process, the 
Siemens-Martin, or open-hearth process, and the 
basic process [see Metals]. Where phosphorus 
is present in the ore the basic process is used, lime 
being introduced to combine with the phos- 
phorus. This discovery allow^s the Cleveland 
ores to be made into steel, and has greatly in- 
creased the prosperity of Middlesbrough. 

The World’s Output of Steel. The 
world’s output of steel exceeds 33,0(X),(KX) 
tons, of which over 14,000,000 tons are made in 
the United States, over 7,000,000 tons in Ger- 
many, and nearly 5,000,000 tnns in this country. 
In the United States the steel industry, formerly 
carried on almost exclusively at Pittsburg, is 
now extending north to the southern shores 
of Lakes Erie and Michigan, where the ores 
of Lake Superior meet the coal of Ohio and 
Illinois, and to the Birmingham region of the 
Southern Appalachians. 

Forty years ago, when iron rails were used, only 
light engines of 25 to 35 tons could be used, and 
traffic was proportionately slow. Modern engines, 
running on s^l rails, are three or four times 


as heavy. Steam boilers resist four times more 
pressure than the old iron ones, so that speed 
is accelerated while fuel is economised. This 
has led to an enormous development of railway 
and steamer traffic, and, generally speaking, 
to an all-round cheapening of commodities. 
Great cn^neoring works, such as the Forth Bridge 
or the bridge across the Zambezi gorge, have been 
rendered possible. Steel is even replacing timber 
in tho framework of modem buildings, especially 
in the sky-scrapers of tho United States. 

Gold and Silver. Gold and silver play 
an important part in the commerce of the world 
by serving as the basis of the currency. They 
have also many uses in the industrial and decora- 
tive arts. Both gold and silver are very widely 
distributed, but many deposits would not pay 
working expenses. Gold is found in quartz 
or other rock veins, either pure or in combination. 
The rock has to be mined, crushed, and chemi- 
cally treated fsee Mining and Metals]. In 
many regions gold-bearing rocks have weathered, 
and gold is carried dowm by the streams, from 
whose sediment it can l)e extracted by washing, 
the lighter matters draining away, and tlie 
heavier gold remaining. Roughly done, this 
process (placer mining) is wasteful, and it is now 
generally carried out on a large scale by hydraulic 
apparatus and tho use of mercury, which forms 
an amalgam with the gold. 

The discovery of rich placer deposits in th© 
Californian Sierras in 1848 led to a “ gold rush.” 
Similar outbreaks of “ gold fever ” followed the 
discoveries of placer gold in Australia in the 
’fifties, and in the Kloiidyke in tho ’nineties. 

The world’s output of gold has been increased 
in the last lialf -century by these and other 
discoveries, and by improved methods of extrac- 
tion. In 1905 it was estimated at 541 tons, valued 
at £75,(XK),000. Tho Transvaal, where the richest 
auriferousdistrict is the Rand, near Johannesburg, 
leads w ith an output valued at about £20,000, OCX). 
The United States produce nearly £16,000,000 ; 
Australia, £15JXX),(X)0 ; and Russia less than 
£5,(XXJ,0(X). Canada, Mexico, and India rank 
next. The British import of bullion exceeds 
£21,000,000, three-fifths of which comes from 
South Africa and one-sixtli from Australia. 

Most of the civilised countries of the world 
take gold as the standard of value and the basis 
of the currency. Owing to its extreme softness, 
it is mixed with silver, iron, copper, or other alloy 
to give it sufficient hardness. Gold is also largely 
used in the decorative arts, and is put to some 
industrial purposes (photography, dentistry). 
Gold leaf is made by beating out a given quantity 
of gold till its thickness is inappreciable. 

Silver. {Silver is generally found in com- 
bination with other elements, and very commonly 
with lead. The whole of the Pacific of North 
America is argentiferous, Mexico, tho United 
StaUis, and Bolivia leading as silver-producing 
countries. Mexico produces over 60, 000, OCX) oz„ 
or somewhat less than 2,000 tone. The United 
States exceeds 55,0(X),000 oz. Bolivia and Aus- 
tralia both exceed 10,000,000 oz., or 300 tons. 
The total output of the world is over 170,000,000 
oz., valued at over £20,000,000. The value of 
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silver has fallen rapidly in recent years, being 
loss than Is. lOd. an ounce in 1902. It has since 
gradually risen, and stands to-day at about 
2s. 6d. an ounce. 

Silver forms part of the currency of gold 
standard countries, and the entire currency of 
many others. It is \ised in making plate and 
jewellery, in other decorative arts, in photo- 
graphy [st^e PnoToaRAPHY], etc., and also for 
electro-plating fscc Electricity and Metals]. 

Copper. Co])[)er is, after silver, the best 
conductor of electricity, while it is much cheaper. 
Tl)e demand has therefore increased enoi-mously 
in recent years. CopjKjr is found cither pure, as at 
l^kc Superior and Bolivia, or in ores, the smelting 
of wliich presents considerable difficulty, and 
tends to l)e carried on at a few noted centres. 
In the ’sixties, Chile was the main source of the 
world’s coppiT supply, but it is now surpassed 
by the United States, which turns out half the 
world’s product of 770,0(X) tons (1906), valued at 
about £66,000,000. The most ini})ortant de- 
posits, liesides tliose of Ijake Su|)erior, are in the 
Rockies. These are continued in Mexico and in 
the Andean countries — (?hile, Peru, Argentina, 
Bolivia. In Euroj)e the chief mines are in the 
Iberian Peninsula, oHjiecially in the Rio Tinto, 
and in the Harz. Japan and Australia are also 
cop|x*r producing ojmntries. Tlie chief smelting 
centres in this country are at Swansea, Widnea, 
and fJasgow. 

CbppKT is chiefly used for electrical apparatus, 
for sheathing ship jdates, and in the manufacture 
of brass, bronze, and bcdl -metal. The increasing 
demand is leading to a rise of prices, and rumours 
of a future coppt*r famine. 

Lead. Lt*ad is seldom found pure. It gener- 
ally occui*s in the form of galena, which contains 
a proportion of silver. In Europe, Spain and 
Germany are the chief sources of supply. Aus- 
tralia yields al^out one-tenth of the world's 
output, which amounts to about 870,000 tons, 
valued at over £11,000,000. In the New World, 
lead is ftmnd in the Rockies, including Mexico, 
and in Pom and Chile in South America. It is 
in increasing demand for plumbing, roofing, the 
manufacture of shot and type metal, and for the 
manufacture of solder, pewter, Britannia metal, 
etc. Red and win to lead are largelv used in the 
manufacture of paints. The United Kingdom and 
the United States take more than half of the 
world’s supply of lead, the output of Mexico 
going to the latter, that of Spain to the forrac^r. 
Great Britain has the largest import and export 
trade in lead in the world. 

Mercury. Mercury, or quicksilver, is a 
liquid metal, used in making scientific instru- 
ments, such as the thermometer and barometer, 
in gold-mining, medicine, etc. Tlie most famous 
mines in Europe are those of Almaden, in the 
Sierra Morena (Spain), Idria, in Camiola 
(Austria-Hungary), and Northern Italy, In 
California are the rich mines of New 
Almaden. T..arge quantities of mercury are 
exported from San Francisco to the mines 
of Mexico and Central and Boutb America. 


Tin and Zinc. Tin, though widely dis- 
tributed, seldom occurs in paying quantities. The 
mines of Cornwall, the richest in Europe, no longer 
supply the demands of the home market. At 
present the chief sources of supply are the Malay 
Peninsula, and the islands of Banka and Billiton 
in the Dutch East Indies. Tin also occurs in 
Australia, and is exported in some quantity 
from Tasmania. Bolivia is the chief exporting 
country in the Now World. Tin is chiefly used 
to coat thin sheets of iron (tinplate), from which 
tinware is made. The South Wales coalfield is 
largely engaged in the tinplate trade. Tin is also 
used in making bronze, pew ter, and Britannia 
metal. Zinc is found in various parts of the 
United Kingdom, but Prussia and Belgium arc 
the chief sources in Europe. In the United Statas 
it is found in the States of Kansas and Missouri. 
It is largely used in making galvanised iron, so 
extensively used for roofs. 

Other Metals and Minerals. The 

other metals of commercial value are aluminium, 
obtained by electric processes from bauxite and 
cryolite. [See Metai.s.] Aluminium wwks are 
commonly near falls (Niagara, the Swiss valleys, 
the Falls of Foyers in Inverness, etc.), which 
supply the needful power. For antimony, 
arsenic, bismuth, chromium, cobalt, man- 
ganese, nickel, and platinum, and their uses [see 
SIktals]. 

Many other commodities belonging to this 
class might be mentioned if space permitted. 
Sulphur, used in making gunpowder and matches, 
in the vulcanisation of india-rubber, and for 
many other purposes, is obtained either from 
volcanic districts, or from iron pyrites. Plum- 
bago (graphite, blocklead) is ebiefly obtained 
from (’eylon. Nitrate of soda, a valuable agri- 
cultural fertiliser, is worked in the deserts of 
Northern (’hile. Salt, one of the most valuable 
articles of diet, is found in many parts of the 
world, either as rock salt, or brine springs. 
It is also obtained by evaporating sea water 
[see article on Condiments in Food Supply.] 

Marble is tlie most valuable of many building 
stones. Lithographic stones are obtained from 
Bohemia. Kaolin, a decomposed granite w^hich 
derives its name from the Kaoling Mountains of 
the Chinese province of Kiang-si, is used in 
making pottery and paper. It is found in Corn- 
wall, France, Germany, and the United States 
[sec Earthenware]. 

Precious Stones. The most valuable of 
precious stones is the dian\ond. Nearly the 
whole of the w^orld's supply comes from South 
Africa. Brazil supplies only a fraction, and 
those of inferior quality. Pearls and mother-of- 
pearl are obtained from the Persian Gulf, Ceylon, 
the seas round Australia, and Venezuela. Rubies 
come chiefly from Burma and Siam. Sapphires 
are exported from Ceylon, Kashmir, Burrna^ and 
Queensland. Opals come from Hungary, Mexico, 
Colorado, New' South Wales, and Queensland. 
Coral, produced by the coral polypv !i fished 
in various parts of the MeditecraneaiL 
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^HE recovery of rubber is a problem to the solu- 
tion of which much thought aud rowearch have 
l)een devoted, and it cannot bo said that it is 
yet adequately solved. The nature of the re- 
action which occurs between the prepared caout- 
chouc and sulphur during vulcanisatic n renders the 
elimination of the combined sulphur and the recon- 
struction of the rubber hydrocarbon on a practical 
basis, which would be the ideal procc'ss, extremely 
improbable, if not impossible. Since this has been 
recognised, efforts have been directed to the removal 
of free sulphur and other ingredients, after which 
the recovered rubber is again worked up, either 
by itself or with some compounding material, such 
as fresh rubber. 

The Waste Rubber Industry. The 

large annual consumption of rubber places huge 
quantities of old or waste rubber at the disjwsal of 
the manufacturer. Disused rubber shoes, larg<‘ 
(piantities of which arc received from Russia, 
form one of the principal sources of raw material ; 
old cycle tyres, and waste cuttings of vulcanised 
sheet rubber are also largely utilised. To a less 
extent, too, mechanical goods are employed, such 
as old hose, belts, and packing. Reclaiming waste 
rubber is quite a sejinrate branch of the rubber in- 
dustry to which many large firms devote themselves 
entirely. They usually have their ow'n sjieeial 
methods of treating the waste material; many 
innovations and imjirovemonts in the processes arc, 
however, constantly being brought out. There arc 
two general methods in use — namely, one which is 
entirely mechanical, and the other a chemical treat- 
ment. Reelaiiniug rublier was first ]>nictised in the 
Unit-ed States, where the jircx’css consisted merely 
of boiling the waste vulcanised rubber after 
it had been reduced to a ])owder, and then running 
it into sheets. The general lines ujion whic'b o|K*ra- 
tions are now conducted arc as follows: The raw 
material is first carefully graded, according to the 
(quality of the rublier and the extent of oxidation 
it has undergone through use and exposure. Foreign 
substances, such as iron, brass, leather, texture.s, etc., 
are then removed as far as possible by mechanical 
moans. The material is then ground and treated 
chemically for the removal of sulphur and fibres. 

The usual agents enqiloyed to effect this are 
either acids or caustic alkalies. Neutral sulphite 
solutions have also been introduced for this ])urpose. 
The rubber is then well washed with water and 
dried, aftcT which it is kneaded on heavy mixing 
rollers where additions of oil, })arafiin, or naphtha 
are frequently made in order to render it plastic 
and cohesive, and amenable to treatment on the 
calenders by which it is rolled into sheets like 
unvulcnnised rubber. Ilic quality of the re- 
claimed rubber will naturally doj-iend upon that 
of the raw material employed. 

Uaea for Reclaimed Rubber. Reclaimed 
rubber is used chiefly for soles of shoes and for 
compounding w'ith un vulcanised caoutchouc. The 
mechanical process, which is not used to the extent 
of the above chemical method, consists of dis- 
integrating the waste rubber, when fragments of 
iron are removed by magnets, and textile fibres 


blow'n out by treatment in a .s|)ecial apparatus. 
The powdered rubher is then strongly heated and 
drawn out into sheets. 

Reclaiming Rubber by Meana of 
Solvenia. Non-volatile solvents have been 
found more applicable for the recovery of rubber 
than volatile solvents. Those principally em- 
ployed arc aniline, toliiidiiie, and phenol, heavy 
oils, and tar, the chief obstacle encountered 
being the slight solubility of vulcanised rubber. 
The method of reclaiming with jihcnol consists 
mainly of extracting the finely- powdered waste 
rubber under reduced pressure. After removal 
of the free sulphur and separation of the reclaimed 
rubber, the phenol is recovered by distillation. 
In another process coal-tar bases, such as aniline, 
are employed for dissolving the rubber, which is 
afterwards thrown out of solution in the form of 
a tough mass by the addition of aciti. 

The making of rubber substitutes is another 
question which has long claimed the attention of 
rubber chemists and mannfactiirors. Owing to the 
high cost of rubber, extensive trials have been 
made to provide an artificial substitute which 
would have similar, or identical, properties to 
the genuine article. France achieved the greatest 
success in this direction and the first rubber 
.substitute emanated from that country, whence 
products of this description have derived their 
name of “ factice,” which is a generic term for 
all artificial rubber compounds made with vege- 
table oils. The oil, which is (‘ither linseed, ra]ie 
seed, or cotton-seed oil, first undergoes an oxida- 
tion yirocoss, and is then either treated with chloride 
of sulphur or mixed with suljihur and heated. 

Three Kinds of Rubber Substitutes. 
There are three kinds of substitutes — white, 
brown, and black. Their value lies, wdien used in 
moderation, in lowering the cost of the material 
W'itbout deteriorating its quality to any appreciable 
extent, and for this purpose tliey possess certain 
advantages over mineral adulterants and bitu- 
minous products. Besides sult>hurisod oils, many 
other substances of most divtTse natures, including 
resins, glues, asphalt, and cellulose, have Ijeen tried 
for producing a good substitute. Two or three com- 
positions may be worth mentioning. Blanditc, 
invented by Dr. Blandy, is an artilieial india- 
rubber of fair elasticity ; it is vulcanised like the 
ordinary rubber, and can be moulded. Its con- 
stituents are oxidised linseed oil to which a. 10 ])er 
cent, solution of chloride of suljibur in carbon 
bisulphide is added with gentle heat: one part 
of the oil is then mixed w itli three parts of Trinidad 
asphalt, the whole l>cing gradually liquefied by 
heating and stirring, after which it is run into sheets. 

Fenton's artificial rubber is a ]iroduct jiatonted 
by F. Fenton and manufactured from linseed or 
similar oils, which are mi.vod with tar or pitch and 
Hubmitted to the action of dilute nitric acid, until 
the whole coagulates into a tough elastic mass. 
Further treatments w’ith solutions of nitrates are 
recommended, and after vukmnising, “ Fenton 
rubber” is said to resist a temperature of 320® F. 
without its elasticity being impaired. 
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ParKeAinef Rubberite, and Tezti- 
loid. Parkesine is a proofing and moulding 
compound. It is prepared by treating cotton rags 
with sulphuric acid, the acid being subsequently 
neutralist with carbonate of soda. After being 
washed and dried the product is reduced to powder, 
and then may be used for comf>ounding with 
fresh rubber, or as a proofing compound mixed 
with 10 to 20 per cent, of linseed oil. Pnhberitr, 
invented by II. G. B. Graves, consists largely of 
Trinidad asphalt and oxidised oil, with small 
proportions of vaseline^ sulphur, and chloride of 
sulphur. In colour, elasticity, and durability, it 
is said to resemble the higher grades of rubber. 
TextUoidy another proofing stibstiiute, is a 
mixture of resinoline, cellulose, and camphor ; 
it is odourless, practically non-inflammable and 
very elastic. 

There are a large number of compounds consti- 
tuted in a similar way to tlie above with slight 
alterations and the introduction of certain specific 
substances which arc intended to produce products 
having the essential characteristics of rubber. ^ 

Special Uses for India-rubber. Besides 
the large number of purposes to whicdi india-nibber 
is put. and which readily occur to the mind, there 
are one or two others less well known in whicli 
it is none the less valuable. As a floor covering 
it has been used for many years with excellent 
results, and its wearing properties are remarkable. 
Jlubbor tiling has been knorni, when laid in juxta- 
position with flagstones, to reciuirc cutting down 
to the level of the latter after .several years’ wear. 
Kublxjr tiling for offices is laid in a variety of 
patterns, and as it always presents a very good 
surface it is easily cleaned. Figure 14 shows the 
method in which the tiling is laid, 

A compounded floor covering, known ns kamp- 
Itiillcon, is made from vegetiible fibrous materials, 
which are ground into a coarse powder, then mixed 
with india-rublier, and treated with a cheap solvent: 
other sub.stancos may also be iiicorjiorated, such .ms 
reclaimed rubber, ground cork, and cheap grades 
of gutta ])ereha. 

Cements of great variety are made from rubl>er, 
being largely u.sed in the leather industry, and 
also for cycle tyres. The rubber i.s dissolved in .sol- 
vents, the nature of which is determined by the 
purpose for which the cement is re(iiiirpd, all manu- 
facturers having their own s])ecial formula*. 

Hard Rubber. The invention of hard rubber, 
vulcanite, or ebonite is due to Goodyear, although 
many investigators have studied the product, 
with the result that improved methods of manufac- 
ture, producing more satisfactory results, have sin<*e 
l>een introduced. Its manufacture is, on the whole, 
based on the same lines as for the production of .soft 
rublier good.s, the essential difference lying in the 
increased amount of Hul])hur used. The raw rubber 
is washed, dried, masticated, and compounded 
with suitable ingredients. The sulphur added some- 
times amounts to 00 per cent. ; more than 50 
cent., however, is inclined to make the product 
brittle. The quantity of sulphur present also 
regulates the degree of hardness, which increases 
jiroportionally according to the amount of sulphur 
added. 

Sulphide is sometimes substituted for the 
sulphur, and other compounding materials are 
also frequently incorporated on the mixing rollers 
to impart certain characteristics in col^r, texture, 
or flexibility. Those chiefly cmployei^^lM) whiting, 
71110 white, magnesia, resins, and sulphides of 
mercury and antimony. Gi-eat care must be taken 
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that the materials be thoroughly dry, because 
if any moisture be enclosed during the mixing, 
steam would be evolved in the subsequent vul- 
canising operations, and this would render the 
goods porous, a very objectionable trait. 

Vulcanising Hard Rubber. The pre- 
pared material is drawn out into sheets in a similar 
manner to ordinary rubber, and from these articles 
are accordingly fashioned. Metal or textile inser- 
tions arc rarely used, as there is very little call for 
them. Ilio goods are usually vulcanised in moulds ; 
tubes in the same way as soft rubber tubing — namelv, 
on their metal core, and bound up with cloth. 
The boilers and ]>re8.ses employed for vulcanising 
hard rubber goods are the same ns for soft rubber, 
but a considerably higher temperature is required. 
The process is u.sually started at about 250° F., and 
is gradually raised to 300°, 320°, or oven 330' F. 
'I’he time, of course, de£iends largely upon the 
dimensions of the articles, and the composition of 
the rubber, and varies from six or seven hours 
to as long as ten or twelve hours. 
Characteristics and Uses of Hard 
Rubber. The [ihysical proyierties of hard rubber 
are quite at variance with those of soft vulcanised 
iMiblxT. It is of a black colour, without smell, 
and may l>e comiwired to horn, hard wood, or even 
ivory in texture. Ordinary atmospheric influences 
do not affect it: it does not oxidise nor change* 
in cold watcT, but in boiling water it .softens some- 
what, .so that it can Ik* bent. It is a non-conductor 
of f*lectricity, and is not dissolved nor influenced 
by the ordinary .solvents of rubber: acids also 
have little action on it. On being heated to about 
400° F., ebonite carbonises without passing through 
any intermediate melting stage. 

As this material can l>e easily worked witli all 
kinds of cutting tools and also takes a fine ^lolish, 
it is much appreciated for the manufacture of fancy 
good.s, ns well as lieing largely employed for technical 
pur|K>ses. Jt is used for the jirodiiotion of a great 
numfier of small articles, ornaments, and imitation 
jet, and w^hen given a sj»ecially fine polish it serves 
to imitate onyx. To as.si8t polishing operations, 
whkdi are usually done on a lathe or by poli.shing 
discs, tlie moulds in which the compounded rubbt*r 
is vulcanised are made of glass, or if of iron they are 
lined wit!) tinfoil. One of the most important uses 
for which hard rjibloT is indispensable is the manu- 
factun? of certain ])arts of electrical machines, 
insulating Hjqiliances, and accumulator cases. 
B’or photogra piiers’ developing dishes, tubes, taps, 
and other adjuncts for chemical laboratories, hard- 
rubber is specially serviceable. 

Seml-hard Rubber. An intermediate pro- 
duct, cnllecl simi-hard ruhhir, is manufactured for 
certain pnrpost*s where greater elasticity or flexibility 
than hard rubber possesses is recjuired. More 
sulphur, however, is employed than for soft rubber 
gootls, and vulcanisation is carried out at a higher 
tern |K*rat lire, and for a longer period, but care must 
be taken not to go too far in these throe ])articulars, 
otherwise hard rublwr would be produced : in fact, 
they must be moderated according to the exact 
ilegrec of hard or soft rubber which it is desired 
produce. This kind of rubber is used for lining 
acid vats, for making largo cylinder covers, and 
for many other puri>oscs of a technical nature. 

Another branch of the hard-rubber industry is the 
preparation of un vulcanised caoutchouc for dentists’ 
purposes. The rubber is specially compounded to 
produce vulcanite of the desired shade and tex- 
tut*e ; it is then sold to the dentist, by whom it is 
cured and finished. 



For the decoration of artiolef* made of liard nibl>€‘r. 
pigments mixed M'ith shellac are a])]>lied by brush. 
A hot plate is then forcibly jn-esned against the sur- 
face, so that the colour l>ecomes inseparably fixed. 

Substitutes for Hard Rubber. Many 
Bubstitntes for hard-ruVjber, made from cellulose, 
gums, and various other subsbinoes of animal, 
vegetable, and mineral origin, have been devised, 
but none a^)roach the original article. To mention 
two; (1) Ki<'l compotuid‘% which are compositions 
of india-rubber, sulphur, pumiceslone, oil and 
beeswax. When vulcanised, this compound with- 
stands immense cold ; it resists acid, is an excellent 
insulating material, and is also cheap : it can, more- 
over, be worked with greater ease than hard rubber. 
(2) Vnlcani^ed fibre, which is manufactured from 
<*otton pat)er pulp that is dissolved chemically, and 
solidified under great pressure. It is made in two 
forms — liard and flexible ; the hard fibre is very 
tough, and strong like horn. In dry j)laces it 
enn be used as an insulator, and is not affected by 
oils or fats. 

Exports and Imports of Rubber 
Goods. The total expbrts of manufactured 
rubber goods of both British and foreign make 
from the United Kingdom in 190r> amounted to 
the value of £1,865,(142. Of this sum 
£249,212 represent the value of boots and 
shoes, and £227,893 waterproofs, the 
balance being other sorts of manufactur(‘d 
rubber articles. 

The imports for the same year reached 
the figure of £846,400, comprising £1 57,557 
for boots and shoes, received chiefly from 
Germany and the United 
States, and £5,681 for water- 
proofs, leaving £683,162 for 
other kinds of goods. 

The Chemistry of 
India ■ rubber. The 

colloidal nature of india- 
rubber occasions great difli- 
ciilties in its chemical in- 
vestigation, since, unlike 
bodies of a crystalloid char- 
.K^tcr, compounds belonging 
to this class have no definite 
characteristics as melting points, boiling points, and 
definite solubilities, but pass gradually from one 
state to another. Accctrdingly, their separation from 
mixtures and their purification is attended 
with great difficulties. Being derived from a 
variety of trees, shrubs, and \nnes, it is not sur- 
prising that the chemical composition of com- 
mercial rubbers varies to a considerable extent. 
Im]mrities, such as sand, vegetable matter, fibre, etc., 
are removed by washing, but the w^ater also carries 
away cert-ain sugars from the rubber, although 
these are present only in small quantities, raredy 
exceeding 0’5 per cent. After the washing process 
t ho rubber is by no means a clieinicail}^ pure product ; 
it is, liowever, regarded as teehnically pure. It 
contains certain oily and resiuoiis substances 
which ran be extract'd by solvents such as alcohol 
or acetone. The quantity of these resinous sub- 
stances ranges from 1 per cent, to abt)ut 40 jier cent. 
Their nature also varies with different brands, from 
an oily extract through different dt'gr(*es of viscosity 
to rosins resembling colophony; somefimes they are 
even of a white, powdery nature. iSmall quantifies 
of albuminous matters also occur in crude rubber, 
<?RI)ecially when the latex has been coagulated by 
fieat, by chemicals, or by drying. If the latex 
were to bo coagulated by centrifugal means, these 
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substances would be almost completely eliminated. 
Exact information regarding the amount of these 
albuminous substances in rubber is wanting, but 
from investigations on the latex it is assumed 
that they w'ouUl amount to about 5 per cent, in 
dry rubber. 'Uieir removal on a commercial 
scale is practically impossible. The elementary 
composition of india-rubber, deducted from the 
investigations of many chemists prior to 1888, 

Impurities of Crude Rubber. Of recent 
years further researches have revealed the presence 
of an insoluble constituent in rubber, and this 
subject has been carefully investigated by C. O. 
Weber, lie found that this insoluble body imssessed 
different physical pro[)erties to india-rubber, as it 
was not sticky, nor adhesive, though very tough 
when dry ; it was further only moderately dis- 
tensible. Tliis body liaving l)cen found to contain 
a considerable amount of oxygen, it is inferred 
from its chemical eom]>08ition by this investigator 
that it forms a link In'tween the india-rubber 
hydrocarbon and the complex carbohydrates 
(sugars) which are assumed to be the raw material 
from which the plant produces caoutchouc. That 
it is not a simple oxidation ])rodiiet of india-rublwr 
is inferred from the elemen- 
tary analysis of oxidised 
rubber, or Spiller’s resin, 
to wh ieh it does not ejilirely 
conform. All rubbers ap- 
})ear to contain this body, 
but as the quantities are 
generally v(*ry small its 
])resencc is of much more 
interest scientifically than 
eommercialiy, although it is 
suggested that certain 
irregularities observed in 
the vulcanisation process 
may be due to the f»rc*sence 
of this insoluble constituent. 

'I 'here is one other irn- 
]mrity always present in 
rubber, and that is a small 
percentage of mineral 
matter, generally described 
as ash. The amount is very equable for all com- 
mercial brands of india-rubber and is generally 
l)elow 1 per cent., though some kinds contain as 
much ns 2^ per cent. It is hardly possible as yet to 
assign the origin of a rubber from the constitution 
of its ash, but it is stated that lime predominates 
ill Para rubber, ferrous salts in African rubbers, 
and magnesia apfiears to be a characteristic of 
eVara rubber. 

Synthetical Rubber. It has long Wn 
known that caoutchouc could be produced syn- 
thetically, because Professor Tilden stated, before 
the British Association in 1882, that it had been 
irepared from isoprene. The hydrocarbon iKO])rene, 
>esides being one of the results of the dry distilla- 
tion of caoutchouc, can also he separated from 
turpentine, colza oil, linseed oil. and castor oil. 
By allowing one part of isoprene to stand in contact 
with 15 parts of hydrochloric acid, (hen diluting 
with water and evaporating, a solid residue, which 
has analogous properties with india-rubber is 
obtained. The isoprene may also be exposed to 
light for a few months, when the formerly colourless 
liquid is converted into a thick syrup containing 
yellow' flakes or lumps of rubberlike substance, 
which have been pronounced by scientists to be syn- 
thetically produced india-rubber. As considerable 
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time is required, and the price of the raw materials 
would have to be low, the cost of sipithetirfd 
rubber is naturally high, l>eing from 200 to 300 
times as great as natural niljber. Further, it 
is quite possible that the cost of producing the 
latter may bo reduced in the future, so that there 
is no present prospect of the synthetical article 
having more than a scientifio importance, at any 
rate for some time ; and since the first announce- 
ment that it could bo ))roduccd synthotically 
little advance has been made in the direction of 
the reduction of its cost. 

Deatructive Distillation of India* 
rubber* When pure india-rubber is subjected 
to dcslriietive distillation three definite compounda 
can be isolated from the distillate — namely, 
isoprcnc, boiling from 98® to 100® F. ; caoutcbenc, 
boiling at 338® F., and heveene, with a boiling 
point of 000® F, All these bodies have the same 
jjerccntnge comjjosition as india-rubber (poly- 
prene), but investigations indicate that they do 
not exist as such in india-rnbher; but upon dis- 
tillation a change is effected in the structure of tlie 
hydrocarbon with the formation of the three nbove- 
niontioncd bodies, and, as previously stated, india- 
rubl)er may be formed by the polymerisation of 
isopreiie under suitable conditions, although 
certain teri»en(' compounds arc produced from it 
at the same time to a considerable extent. 

Dipentene, or oaoutehene, is the chief ))roduet of 
the dry distillation of india-rubber ; it may also 
be obtained in a variety of ways from certain 
terju'nes or their derivatives. Aher heveene, tho 
distillate consists of hydrocjarbons boiling at a tem- 
l)erature over 000'^ F. Their twrtjcnlago composi- 
tion, liowever, still oorvesponds to that of india- 
rubber, and the amount of carbon remaining behind 
is so c‘xtr<‘mely small as to suggest that it arises 
from albuminous and other impurities. The quanti- 
ties in which these products are produced vary 
according to the way in which distillation is carried 
out. but their resjK-ctive yields are approximately 
as follows : isoprcnc, 5 ]K.*r cent, to G per cent. ; 
diiHmtene, 40])er cent, to 4G ]K;r cent, ; heveene, 12 
j>er cent, to 17 per cent. ; poly ter] lenes, 2G ]x*r cent, 
to 38 per cent. ; carbon residue, 2 ]>er (;ent. ; mineral 
iiiijuirities and water, 2 per cent. Little is known 
regarding the actual elianges wliieh take place 
during (list illation. Wliether the india-nibb(U' 
molecule sjdits up at a given point with the forma- 
tioji of one or all of the above bodies, or the 
prcK'css is gradual still requires investigation, and 
probably much could be learnt from a close exa- 
mination of the changes that take y)lace during 
die t ilia. tion. Different brands of rubber soften 
and licaiefy at different tem])eratures, but they all 
yield tm* same series of products on being subjected 
to dry distillation. 

Chemical Reactions. Inclia-rubl)er is a 
colloidal substance, which in chemkjal indifference 
almost rivals tho solid jiaraifins. The action of tho 
halogens upon caoutchouc dissolved in chloroform 
is interesting. Chlorine acts very energetically, 
forming an addition and substitution product, the 
constitution of whicli agrees with the formula 
Cj With bromine tho action is less violent, 

a very indifferent product, corresponding to the 
formula being formed. Investigations 

upon this, comyjound have contributed considerably 
to tho knowledge of the composition of india-rubber. 
On the addition iodine to a Bolution^jjf caoui- 
ohouo in chloroform, an addition productj^o^io^n* 
is formed, but only very slowly. Similarly with the 
halogen acids, hydrochloric acid has the strongest 
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action, forming the dihydrochloride from whioh the 
monohydrochlorkle is formed by hydrochloric acid 
being split off. Hydrobromic acid has a like ootion, 
but somow'bat slower, while hydriodic acid has 
ap]mrently no action. Sulphuric acid chars and 
oxidises india-rubber, but nothing is known regarding 
the constitution of the resultant products. Nitric 
acid lias a very vigorous action upon india-rubber, 
a yellow body being first formed, which subse- 
quently decomposes into nitro^n, oxalic acid and 
a product of tho character of fat. Nitrous acid, in 
the absence of water, forma a compound corre- 
sponding to the formula C, ^SioNsOa, apparently 
polypreno nitrosito ; upon the action of tnis acid 
a method of determining tho value of crude rubber is 
based. Tho influonco of oxidising agents upon 
india-rubber has never been systematically studied. 
Spiller isolated a product containing 27 ’5 per cent, 
of oxygen, and the substance known as SpilloFi 
resin is a fornr of oxidised indla-iabber. 

What Occurs during Vulcanisation. 

The action ofi sulphur upon india-rubber — that is 
to say, tho process of vnlcanisation, has been in- 
vestigated by a large number of chemists. Burg- 
hardt and Paycn have regarded tlie reaction as one 
of substitution of sulphur for hydrogen. Donath 
has ex])ressed the opinion that tho vulcanisation 
process is one of molecular aggregatiim, somewhat 
compirable to metallio alloys, ratlu'r than the 
result of chemical combination. The reaction 
taking place when india-rubber is treated with a 
solution of chloride of sulphur has been made the 
subject of research by J. Minder, who presents the 
view that the solvent has a softening effect upon 
the rubber, which then absorbs the sulphur. Some 
maintain that substitution of sulphur for hydro- 
gen takes place, the hydrogen going off in the form 
of hydrochloric acid ; others that tho chlorine 
effects vulcanisation. Weber has given n large 
amount of attention to tho subject of vulcanisation, 
and states that before an exact knowledge of the 
process is acquired, elucidation of the colloidfd 
state of riibljer from a chemical i)oiiit of view Is 
necessary. Colloids are capable of being convert^ 
into what is known as tho pectous condition. In this 
state they are much more indifferent oliemioally and 
l>hyHically. The change is brought about by various 
means according to the nature of tho colloid — thus, 
on heating albumen with water it coagulates, or 
pectisation takes place. This state, which colloidal 
matter can bo made to assume, plays an important 
part in tho vulcanisation of rubber. 

The Theory of Vulcanisation. It has 
been conclusively demonstrated by Weber, from an 
exhaustive series of experiments carried out on Para 
and other brands of rubljcr, that chemical corobina- 
tiou does take place between the sulphur and 
oaoutehouc with the formation of polyprene sulphide. 
As there is practically no evolution of sulphuretted 
hydrogen during the vulcanisation process, this 
must bo regarded as an addition prouuct and not 
one of substitution, in which sul]»hur takes the 
place of hydrogen. It was found, however, that the 
insoluble constituent of rubber (which does not 
exceed 5 ]K>r cent of the technical product) when 
heated with sulphur does give off a considerable 
amount of sulphuretted hydrogen, duo to the 
formation of a 8id>MtUion product. The combina- 
tion of sulphur with j)oly]»rene dtxfs not apparently 
.take place in definite stages, the extent of combina- 
tion being determined by time, temjwrature, and 
the amount of sulphur present. Experiments with 
hard rubber, however, showed that a aoGnito am<»unt 
of sulphur — namely, about 32 per cent,, enters into 
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combination, even when a considerabic excess over 
this fiffuro has been incorporated. Then, on con- 
* tinning the vnlcanising process, more sulphur was 
made to combine, but with evolution of sulphu- 
retted hydrogen, showing that one of substitution 
was taking j3ace. From thia.it is concludetl tlmt 
.‘{2 })er cent, of sulpliur is the upper limit for. the 
formation of addition products, and corresponds 
with polyprene disulphide with a formula of 
exact data being obtainable regard- 
ing the lower limit for the formation of sulphur 
addition products, the amount of sulphur necessary 
for })roduciiig a well-cured rubber may Ije taken as 
a gukM ; this is from 2 per cent, to 2| per cenl., 
and it is extraordinary tn find that this agices fairly 
well with the formula which would 

coutain 2*36 per cent, of sulphur. From this, 
Weber concludes that “ the process of vulcanisation 
consists in the formation of o continuous scries of 
addition products of polyprene and sulphur, with 
probably a polyprene sulphide, C, as the 

lower, and CiooTIi,;oS.jo as the upjwr limit of the 
series. Physieally, this series is characterisejl by the 
decrease of distensibility and the increase of rigidity 
from the lower to the upper limit, which term of the 
above series — which degree of vulcanisation is 
produced — is in every case only a function of 
lem|Kjrature, time, and proportion of sulphur 
present.” 

Physical Characteristics of Rubber. 

When rubber is worked for a considerable time on 
the rollers, it becomes fatigued, all hough it will 
return to its original sbite to a great extent on 
keeping. In the fatimied condition it rccpiires 
more sulphur for vulcanisation ; the resultant 
product does not differ chemically, but its physical 
aspect is changed. Accordingly, to again quote 
Weber, “ the physical state of the india-rubl>or 
colloid while under vulcanisation largely determines 
the physical constants of the vulcanisation product.” 
This has an important bearing upon the reclaiming 
of rubber. 

Researches upon vulcanisation with chloride of 
sulphur have proved that addition product.^ are 
formed analogous to those obtiiincd by vulcanisation 
with sulphur. The uy)iwr limit of the chlorosul- 
phides, as they are termed, is a compound corre- 
sponding to the formula sS^gCl^g, and the 

lower limit 0940^84*8,04. The chemical pioper- 
ties of these chlorosiilphides are not affected by the 
strength of the solution nor by the nature of the 
solvent in which they are formed, but both these 
factors have a considerable effect upon their physical 
characteristics, and this affords a clue to many per- 
plexing facts observed in the cold vulcanisation 
process. 

Cause of “ Blooming.*’ In course of time, 
vulcanised rubber becomes covered with a fine, 
^J:^cyiRh deposit, sulphur eventually crystallising 
on the surface. This is technically knoAsm as blooming 
or snlphuriihg up, and microscopical examination 
has shown that the excess of sulphur is distributed 
throughout the vulcanised rubber in extremely 
minute globules. In time, crystallisation of the 
sulphur at the surface takes place, and spreads from 
globule to globule. The only way of prevention 
would be to induce crystallisation of the excess of 
sulphur in the centre of the rubber. It is curious 
that sulphuring up is unknown in ebonite, although 
it frequently contain.'^ 16 per cent, of free sulphur ; 


it is assumed, therefore, that a slate of solid solution 
exists between the polyprene sulphide and the 
sulphur in this material. 

Further particulars regarding the chemical 
characteristics of ijidia-rubl>er, the explanation of 
its indifference to the sulphur in the cold, and the 
extraordinary vigour with which it is attacked by 
chloride of sulphur, the action of chlorine in pro- 
moting the “ cold cure,” etc., are detailed in Weber's 
“ (chemistry of India-rubber.” 

Valuation of Rubber. The quality of 
crude rubber is more frequently judged from its 
appearance, consistency, and the application of a 
few ready physical tests, for which considerable 
exyierienco is required, than by chemical analysis. 
The chief determinations made in a chemical 
examination are loss on washing, the amount of 
oily and resinous substances, and the percentage of 
oxygen combined with the rubber and ash. The 
testing of manufactured rubber is more extensive, 
and a complete chemical analysis is a very tedious 
and complicated process. This, however, is seldom 
required, and often it is suftieient to subject the 
goods to physical tests only, of which the most 
important are the specific gravity, tensile strength, 
elongation test, sun-crm;king and oxidation test, 
and electrical tests. These tests, of course, are 
applied according to the nature of the manufactured 
goofls. An ordinary chemical analysis is confined 
to the determination of india-rubber, organic 
constituents not rubber, sulphur (free and com- 
bined), cldorine and inorganic constituents other 
than chlorine and sulphur. 

Gutta Perch a and Balata. riutta 
percha is obtained from certain trees a])portaming 
to the botanical family Sapotacece, which are found 
growing wild in the Malay Archipelago. The 
original gutta ]>ercha tree, Dichops is gutta, or 
Palaquium, or Isonandra gutta, is almost extinct, 
its place having Wn taken by the Palaquium or 
Dichopsis oblongifolium, which yields excellent 
gutta. Tlirce other varieties, namely, Palaquium 
Rorneense, P. Treubii, and P. Vriescanum, also 
supply gutta of very good c|uality. Less line gutta 
percha is obtained from the Dichopsis Calophylla, 
D. Selendit, D. Krantziana, the two latter yielding 
a hard product unsuitable for cable insulation. 
Mention must also be made of two other gutta- 
producing trees — i.e., Payena Lcrii and Bassia 
Parkii. Native methods of collecting the latex 
are niinoiisly extravagant, the trees usually being 
felled ; it has now been found, however, that gutta 
percha can be extracted from the leaves and twigs 
of the trees by means of a suitable solvent, such as 
toluol. The manufacturing process for gutta percha 
consists of kneading and wa.shing o|)Crations. Its 
most important application is for insulating sub- 
marine and other cables, as its resistance to the 
electric current is unequalled by any material of a 
similar nature. Certain plants MimuHO|)R balata, 
M. globosa, and M. electa, also belonging to the 
Sapolacece order and found in the north of South 
America, yield a hornlike substtincc, resembling, 
yet distinct from, gutta j>ercha. This material, 
balata, is largely used for the manufacture of driving 
belts, for which it is excellently adapted, being very 
tough and inelastic, although liable to bwome 
sticky if heated. The process of manufacturing 
balata belts is essentially the same as described 
under Rubber Belting, with the exception that no 
vulcanisation is needed. 


Rubber and Gutta Peboha concluded ; followed by Basket-making 
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Jmmature Fish. Artificial Hatching. Diseases of Fish. Pre- 
paring Fish for the Market. Oyster Culture. Fishery Laws 
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1 N many methods of fishing, notably in (shrimping, 
* large numbers of undersized fish are caught, and 
in many instances these immature fish are un- 
marketable. Every haul with the shrimp-trawl 
in our inshore waters brings up, in addition to the 
shrimpa, a number of small plaice, dabs, solos, 
liorring, codling and whiting ; the number of 
species varying according to locality and season. 

Protection of Immature Fish. These 
fish are unmarketable, but if allowed to re- 
main m the sea a proportion would presumably 
become of marketable size and l)e captured by 
the fisherman. If the shrimp trawls are hauled 
at short intervals and the net rapidly cleaned and 
the young fish y)romplly returned overboard, it is 
certain that a very large iieroentage of the fiat 
fish would l)C uninjured, and they may be seen 
swimming away as soon as they are replaced in 
the wat(ir. With regard to the round fish it 
may be said that they are far more susi'eptible 
to injury, and extremely prompt measures are 
requisit>e to secure that any reasonable proportion 
be returned to the sea filive. There can, therefore, 
be no t ^asonable doubt that Jiiany millions of 
undersized fish are captured by shrimpers in their 
trawl-nets, push-nets and shanks; and formerly a 
very large proportion of these W'cre destroyed. The 
]>ro*ceas of separating the shrimps from the fish 
and other dvbris caught in a trawl is nceomplished 
by riddlivg^ and where such riddling is yiromptly 
done and the debris and fish returned overboard 
immediately, little harm is done. Of course, the 
8hrimi>er naturally selects ground where shrimps 
are most abundant, and the young fish are caught 
accidentally; and in this resjiect the shriniywr 
differs from the whitebait fisherman, who intends 
to capture undersized fish, for which he readily 
finds a market. 

Howto Stop the Needless Destruction 
of Fish. Where there is a market for undersized 
or immature fish, though it might be advisable to 
have the fishery carried on within reasonable limits, 
since obviously a certain proportion of adults must 
survive to proyiagate their kind, it would be as 
absurd to prevent it altogether as it would bo to 
sto)) the sale of veal or lamb. 

Hut in cases where the fish are caught accidentally 
or sold for manure or needlessly destroyed, prompt 
measures are necessary for the maintenance of the 
fishery ; and where destruction is of a gratuitous 
nature there cart obviously be no sympathy with 
the |MU’son responsible for the damage, though at 
the same time where he is carrying on a bona fide 
business it l>e(!ome8 necessary to interfere with him 
ns little 08 possible. 

The most practicable method of dealing with a 
problem of this kind is to interfere as little as 
])os8ibIe with the implements of fishing, but to see* 
that they are not needlessly destructive, and in 
any case to see that they are used in a proper 
manner. The prevention of landing of fish under 
a certain size would effectually stop the^hing for 
undersized fish as distinguished trom ^R'imping, 
where the undersized fish are accidentally present. 
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Various enactmentH have been proposed for dealing 
with this evil, which is admittedly serious. Bill 
after Bill has been introduced into successive 
Parliaments, but not being party measures they 
have had no ehanee of being passed. But in the 
territorial waters local regulations, confirmed by 
the central authoritv (the Board of Agriculture 
and Fisheries), have ^oalt with, and, to some extent, 
undoubtedly checked, this wholesale and wasteful 
destruction. 1'he fixing of a size limit below 
which fish could not be lauded would effectually 
stop the fishing for undersized fish which goes on 
at present. The protection of the immature fish 
in the territorial waters may well be left to the 
local authoritit’fs. 

Artificial Hatching and Rearing of 
Marine Food«fishes. A certain section of 
scientific experts, being firmly convinced that a 
depletion of the seas was in operation, suggested 
that man might, by artificial hatching and rearing 
of the fry of economic fish, restore the bahince of 
Nature. The initiative with regard to the* erection 
and equipment of marine hitcheries is due to the 
United States authorities, who regarded this plan 
as more suitable than attempting to prevent the 
destruction of immature fish by restrictive legisla- 
tion — an alternative method which had been sug- 
gested as a remedy for over-fishing und its evil 
conaequenees. The whole modits operandi of the 
marine pisciculturist is, we believe, bti.sed on 
fallacious reasoning. But this is not the place to 
enter into destructive criticism of his efforts: we 
are merely (Jontent to describe what is claimed (o 
have been done. 

1,500 MilLon Fish Hatched. The 

United Statos Fish Commission during the year 
UK)2 claim to have hatched and liWated nearly 
1 ,500,000,000 fish fry, the principal salt-water fish 
dealt with being cod, fiounders and lobsters. The 
Canadian hatcheries deal mcinly with eod and 
lobsters. The Tiuropcan countries which have 
adopted artificial hatching are Norway, Scotland 
and England. The metheSs in vogue for obtaining 
fish eggs vary in the different establishments, but 
in England the mature fish are obtained by trawling 
from a special steamer some months before the 
spawning season begins. These fish are kept 
in tanks or oyien-air ponds attached to the hatch- 
eries, and are claimed to constitute a reserve of 
spawners. The eggs are artificially fertilised and 
then placed in the hatching-boxes, there to undergo 
their incubation. 

The hatching-boxes are kept in constant motion 
by on automatic arrangement, and a* current of 
sea water is mamtained through the boxes. This 
serves the double purpose of oxygenating the eggs 
and preventing their settling. Up to the present 
no successful attempts have Ixien made to roar 
the fish, the fry being set free a few days after 
hatching, or never later than after the absorption 
of the yolk-sac. These larvce are (or should be) 
liberated on the off-shore spawning grounds, their 
natural habitat. No satisfactory evidence has 
yet been adduced that sea-fish hatching is an 
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eoonomical sucoess, Orijjinally it was doubtless 
worth an extended trial, but until rearing the liah 
jis well as hatching thorn has been accomplished 
one must reserve one’s opinion as to the efficacy 
of this method of replenishing the sea. 

Fish Diseases and Parasites, Fish, 
like other animals, are subject to “ the ills that 
liesh is heir to,” but the alarmist statements that 
have of recent years appeared in the public Press 
are quite without foundation, and it may once for 
all be said that no article of diet can be n^garded 
as 80 absolutely free from disease as sea fish. The 
complaints from which fish suffer may he groii|>ed 
under two headings ; firstly, the attacks of parasitos, 
either attached to the body externally {eriopara- 
sites), or dwelling in the inside of the fish’s body 
{nidopnrasites) ; and secondly, infectious diseases 
(lue to the presence of vegetable organisms 
Urift) or animal organisms {sporozon). Of course, 
both bacteria and sporozoa are, strictly speaking, 
eiidoparasites. 

Tlic imiKjrtant question as to how far, if at all, 
the communicability of diseases from fish to man 
or vice versa is jjossihle merits a brief notice. 
It is perfectly obvious that this question of the 
jairity of fish as a food supply has the most im- 
}>ortant practical bearings, and the recent s<\‘irc ” 
with regard to the connection of oysters and 
typhoid is a case in })oint. That shellfish may, 
under certain extreme circumstances, he the mean.s 
of communicating such a disease as enteric or 
typhoid fever to human beings seems to be 
well established, and not only oysters, but mussels 
and — though less certainly — cockles may occasion- 
ally l>e hold responsible. This is, however, never 
due to the fact that the oyster is itself “ suffering ” 
from the complaint, but* rather that the typhoid 
bacillus is accidentally present either in the food 
of the oyster or in the sea water enclosed in the 
shell. Modern research tends to prove that if 
reasonable care be taken in the selection of the 
site for bedding oysters, and if ordinary cleanliness 
b(5 secured in the handling and preparing of the 
bivalve for the market, the lisk of pollution is 
iniinitesimal and ceitainly not greater than is the 
case in many other articles of consumption, notably 
milk. The danger is reduced to vanishing i)oint 
if the shellfish be thoroughly cooked. 

Fish and Human Diseases. Within 
the last few years considerable attention has 
l>een devoted to the study of the diseases of 
fish, and a review of the literature devoted to the 
subject is rather a source of satisfaction than 
dismay. The diseases such as smallpox, phthisis, 
and dropsy, which have been popularly attributed 
to fish, disappear or become something quite dif- 
ferent on closer ins^fjection. 

Fish, however, are undoubtedly att/acked by 
such parasites as thread-worms, tape-worms, and 
leeches. The worms are generally found in the 
intestines and are removed with them. leeches 
arc rare and drop off when the fish are caught, 
t’ertain Crustacea (parasitic copepoda) a’ttnek 
fish and are found atUched to the gills, fins, 
and even in the nostrils. They, however, in 
tuost cases, only cause a temporary inconvenience, 
'rhere remains, then, a few diseases attributable 
cither to bacteria or sporozoa. An instance of the 
former is the well-known salmon disease, which was 
formerly thought to be due to a fungus {saprolegnia). 
An instance of the latter is shown in the figure 
of the flounder [ 14 ]. In nil oases where a fish 
^^nffers from complaints of this kind the body is 
unsightly, being marked with blotches or swellings 


which would immediately cause it to he rejected 
for food- In conclusion, though isolated instances 
of fish (ohiefiy fresli-water species) suffering from 
disease arc. from time to lime, recorded, in no 
case is the disease identical with any human coin- 
pluint, and in every case spots or swellings are 
visible which would render tne fish unmarketable. 
Nothing is said about unwholesome fish where the 
deterioration is due to the fish having been kept 
too long; naturally, fish, like other perishable 
articles, require to be eaten in as fresh .a condition 
as ])osKible. 

Preparation of Fish for the Market. 

Fish, if not speerlily }>huH‘d on the market-, 
deteriorates rapidly, and hence we find a large 
number of methods of preservation. All these 
nietliods depend for their efficacy upon the 
necessity of eliminating the action of the bacteria 
responsible for the putrefactive elianges which so 
rapidly take place. A second and most essential 
purpose to be borne in mind is the ])re pa ration of 
an article which shall at the same time be palatable 
and be capable of retailing at a reasonable ]>rice 
The methods of preserving fish fall under four 
main heads —namely, by ice, salt, soioke, or canning. 
It must be understood that these methods are not 
absolutely distinct ; a fish may, in the course ol 
preparation for the market, go through two or 
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more of these iuethods in succession. A descrip- 
tion of the multitudinous modes of manipulating 
the raw material would fill the pages of a. consider- 
able volume, and therefore the only accounts 
given here are those which are practicable on a 
small scale. Canning, which requires special 
plant and is ciuite distinct from fishing proper, 
is not touched upon. 

The "Finnan Haddies." There arc, 
broadly s^^^aking, three essential stages in tlie 
l>reparation of “ finnans.” These are splitting, 
salting, and emoking. The operation of splitting, 
to be rapidly and efficiently performed, requires 
actual practice. The head is removed, the fish 
split down the back and eviscerated. It is then 
salted for about half-an-hour in strong brint*, 
then drained, and afterwards smoked. The smok- 
ing is now carried on in small houses built for 
the purpose, the. fisli being spread open and sns* 
pended in tiers. The fuel used is }>cat, and the 
0 |)eration is continucfd without intomiption for 
from four to six hours, during which period the 
fish requires constant attention. The fish are 
generally put up in boxes of the average weight 
of 40 lb. The barrels arc about four times ns 
heavy. For export purposes ” finnans ” are 
canned, but as these fish nuist he cooked, or at 
least boiled, before canning, in addition to the 
processes above describcwl, it seems a misnomer to 
call them “finnans.” In addition to finnans there 
are other varieties of prejiared liacldocks, notably 
“ smokies,” where the fish are smoked over a hot 
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fire, with abundance of nnioko, until they have 
taken a golden colour ; and “ pale smoked had- 
docks,” where the fish are but slightly smoked for 
immediate consumption. ' 

The Preservation of Herring. The four 
chief methods of preserving herrinc are best enume- 
rated under the headings by which the resulting 
])roduct is known to the public — namely, pickled 
herring, kippers, hloafrrs and reds. The blontcr is 
intended for immediate consumption and may be 
described as a round or unsplit herring whieh has 
only been slightly salted and smoked. The fish, as 
soon as possible after capture, are dry salted for 
from six to twenfy-four hours —the time being longer 
if the fish be fat —and after war<ls smoked. The red 
is generally prepared for foreign consumption, and 
large (juantities are exported to the Mediterranean. 
For this trade the herrings are salted in brine for 
about two days and then smoked for a fortnight. 
The wood and sawdust used is of the “ hard ” 
variety, and from this the peculiar ilavour of the 
red is derived. 'I'he red may be defined as a round 
herring, heavily sailed, and smoked for a long 
time. They are pnekod chiefly in barrels and 
half-barrels, the former containing from about 
500 to 000 fish. 

Kippers and PicKled Herrings. Kippers 
are first of all split and eviscerated, then salted 
in strong brine for from a <juarter of an hour to 
an hour, then spread out and smoked over hard- 
wood shavings. The time of smoking varies, being 
longer at Yarmouth than at Aberdeen. VickM 
herrings are more numerous than all the other 
varieties put together. These fish have their gills and 
intestines reihoved. They are then brine-salted and 
])acked in barrels and half-barrels. In Scotland 
these herring may bo tested by the Fisliery Board. 
If the merchant desires a certificate of tlje quality 
of the (isti in his barrels, an oflicer of the Board 
o])ens and examines samples of those barrels, and if 
the contents eomc up to the rcHpiired standard a 
brand is burned into the head of the barrel. A 
liarnd generally contains 300 lb. of herrings, and 
each barrel is packed with gi*eat care, with alternate 
layers oi tisli and suit 

Fish Markets. Broadly speaking, the mar- 
keting of fish is left to a special class of individuals — 
fish auctioneers and salesmen. Even fresh fisli is 
rarely disjiosed of by the fisherman himself, and 
the bulk of i>re«crvcd fish and fish products ho 
never sees. 

Fish that is landed at any of the larger fishing 
])orts, such as Hull, Grimsby, Billingsgate or Al)er- 
deen, is sold by auction on the quay. The fish is 
sorted into baskets or otJier i-ecep tildes, or may 
even be spread out on the quay floor ns at Aberdeen, 
and the sale is invariably held by auction at an 
early hour in the morning. 

Even fish that is landed by smaller boats at the 
(juieter fishing ports is, to a very large extent, sent 
to large centres to be disposed of by auction, sonu; 
occasionally even returning over the same ground 
for local consumption. The marketing of fresh fish 
is now su(^h a s]>ecial occn})ation that there is a 
considerable amount of truth in the complaint of 
visitors to seaside resorts, like i.Jandudno or Tenby, 
that they have to wait for the train from Grimsby 
before they can procure any fresh fi.sh. Many 
markets for preserved fish are met with abroad, 
pickled lierrings being an especial favourite with 
the Latin nations. ^ 

Oyater Culture. On the mntinent oyster 
culture forms a considerable industry, absorbing a 
large amount of capital and affording employment 
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to thousands of people ; but in England, for 
various reasons, this industry has not been de- 
veloped to the same extent. The success of oyster 
culture depends to some extent, as for instance at 
Aroaohon, on the natural physical advantages of 
the jocality. At Arcachon there is a large inland 
sea of about 30,000 acres area, which communicates 
with the sea by moans of a narrow entrance, 
through which the tide ebbs and flows. In this 
lake the oyster reproduces itself naturally. The 
young stage of the oyster, known as the fry or 
S'pnt, is of microscopic size, and swims about in 
the water for a time, and eventually settles down 
on suitable objects, there to develop into an adult 
oyster. fSee Natitual History, ])age 3286.J 

Spatting. The suecoss of oyster culture 
depends upon the simple fact that the spat can 
easily bo collected upon suitable objects. T'hc 
oyster reproilnccs itself in spring or early summer, 
and the free-swimming stage lasts for about a week. 
At the time settling-down proc'css begins, rc'ceptacles 
or collectors are placed in ]>ositioii. The Romans 
used bundles of twigs ; the Dutch use earthenware 
tiles ; in France the collectors are crates of similar 
tiles coated with a cement of lime and sand, which 
otfer a convenient adhesive medium for the spfit. 
The tiles are arranged in rows inside largo cases, and 
in Arcachon alone about 12,000,0<)0 tiles are 
annually laid down for this purpose. The spat is 
left on the tiles until the following October, when 
the young oysters are about the size of a finger-nail, 
at which stage they are known as seed oysters. 

Rearing and Greening. They are now 
removed from the tiles and are taken in hand by 
the eleveurs,” who rear and fatten them to a 
marketable size. This is done by arranging the 
seed on fiat trays of galvanised wire netting, which 
are })lne.ed in shallow oytter “ pares ” in whieh 
the tide (‘ireulatcs. Great oar:> is taken with tho 
rearing process, the oysters being constantly looked 
aft^r by men and women who inspcMit the trays at 
low water and remove im}mritie8 and enemies, 
such as starfish. Thinning out is soon necessary, 
the growing oyster being removed to other trays or 
transferred to the floor of the “ pare,” which is 
often suitably prepared for their reception. 

The process of greening is undert aken at Marcimes, 
where the oysters are kept in muddy salt-ponds, in 
which they gradually become green, owing tn the 
presence of a particular diatom in their food. At 
the same time they acquire a peculiar delicate 
flavour. 

The Board of Trade CertiHcates for 
Fishermen. According to tho provisions of tho 
Merchant Shipping A(jtof 1894, no trawler of 25 tons 
tonnage or u))wardH shall go to sea from any port of 
England or Ireland unless there is on board a duly 
(certificated ski]>per and a duly certificated mate or 
second liand. 

Every fisherman with a spark of ambition will 
be interested to hoar what kind of certificates are 
issued and what is tho best way to set about 
obtaining one. The Board of Trade examint^ 
candidates for certificates of competency, and 
there arc no less than ten different kinds of cer- 
tificates to be obtained by any fisherman who is 
])repared to sacrifice a little of his leisure time. 
Five different certificates are issued to mates 
(second hands) and five to skip^iers. 

A Mate’s ** Ticket.” To obtain Certificate 
A, which is issued to second hands who fulfil the 
necessary conditions and pass the required examina- 
tion, several preliminary qualifications are requiBit\ 
Tho candidate must not be less than nineteen year' 
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of age, and he must have served at least four years 
at sea, of which two years must have been on 
board a deep-sea fishing boat. If ho has served 
his time the candidate should apply to the nearest 
Mercantile Marino Office for a form of application, 
and he must take care to fill this form up properly. 
When the form is returned to the Office the c;in- 
didate must attach to it his testimonials of general 
good character, and of sobriety, experience, ability, 
and good conduct on board ship. A fee of Is. is 
charged for the examination. The candidate will 
Ik) examined as to his vision, and, in addition, the 
rule of the road at sea, the marks on the lead -line 
mid the use of the lead, taking bearings by compass, 
ability to use a chart, and generally as to the 
duties of a second hand. Questions regarding the 
rules of the road at sea are illustrated by means 
of models of vessels, and various coloured balls, 
representing lights, arc used to represent vessels 
at night. Mates or second hands are also tested as 
to their abilities in reading, writing and arithmetic. 

A Sklpper*8 *• Ticket.” Candidates for 
ciertificates as ak%p'pi>rs (Certificate B) must have 
served five years at sea, of which one year must 
have been as certificated second hand on board 
boats of 25 tons tonnage and upwards, engaged in 
the method of fishing for which the certificate is 
desired. An applicant for a certificate as ski])per must 
be not less than twenty-one years of age. In addi- 
tion to the subjects enumerated for second hands, 
skip^iers are required to be acquainted with general 
duties required for skippers, such as getting under 
way, what to do when ongiiies are broken down, 
or when the vessel has sprung a leak, or when the 
rudder has gone, or on the use of a floating anchor. 
They arc also required to make themselves ac- 
quainted with their civil duties un^lcr the Merchant 
Shipping Act of 1894; for instance, as to the returns 
of the list of crew, or ns to agreements or appren- 
tices’ indentures. For extra certificates the 
applicant must show a knowledge of the use of the 
quadrant and bo able to take observations, to 
read on and off the arc, to find the index error by 
the borixoii, and to detomine the latitude by the 
moiidian altitude of the sun [see Navigation]. 

Certificates for Skippers of 
Steamers.*’ Candidates for certificates as second 
hands and skippers of atmm fishing vessels only 
have a somewhat similar examination to pass, but 
with the exception that they are not required to 
answer questions relating to such subjects as 
lacking and wearing, or rigging and masting of 
fishing vessels, or generally as to matters not 
required on steam vessels. Should the candidate 
not feel eipial to any of the above tests, and bo un- 
able to pass the full examination, the examiners 
may, if they think fit, report that he has passed 
a limited examination, provided he has pass^ the 
sight tests and they are satisfied th »the is competent 
lo take charge of a fishing boat and that he is 
Hc<j[uainted with the rule of the road at sea. Various 
(bounty Councils have now instituted classes in 
subjects for certificates for management of fishing 
boats, and as a good deal of the instruction is of 
ft practical nature, and cannot be learnt from a 
[)Ook, the candidate is advised to make local 
inquiries as to such classes. 

Sea Fishery Law. The history of the 
legislation applied to the sea fisheries does not 
afford the student very pleasant reading. All the 
older legislative efforts of Parliament were based 
on a profound ignorance of the technique of the 
fisherniem's craft. We are, however, not so much 
concerned with what 'the legislation has been as 


to what it is now, and along what lines its futui’e 
development may be expected. The words of 
Professor Huxley (Inaugural address. Fisheries 
Exhibition, 1883) have lost none of their force at 
the present day, and as they embody the maxims 
or axioms which are fundamental they may well 
be reproduced here. 

“ Every legislative restriction means the creation 
of a new offence. In the ease of fishery, it means 
that a simple man of the people, earning a scanty 
livelihood by hard toil, shall be liable to fine and 
imprisonment for doing that which he and his 
father before him have, up to that time, been free 
to do. If the general interest clearly requires that 
this burden should be put upon the fishermen — well 
and good. But if it does not — if, indeed, there is 
any doubt about the matter — I think that the man 
who made the unnecessary law deserves a heavier 
punishment than the man who breaks it.” 

The Necessity for Knowing Fishery 
Law. At the ])reKent day when considerable 
capital is devoted to the building and equipment 
of large and powerful vessels which fish lo some 
extent near the territorial waters of foreign coun- 
tries in addition to the waters of England, Scotland, 
and Ii’eland, the skipper of such a boat has to be 
acquainted with a not inconsiderable body of 
legislative ennetmenfs, which are here briefly 
summarised. 

In the first place the whole of Part IV. of the 
Merchant Shipping Act of 1804 deals with fishing 
boats, but as the skip]ier of every English trawler 
over 25 tons tonnage undergoes an examina- 
tion as to his knowledge of this section of the 
Act before ho obtains his captain’s cerfificafo 
it will be unnecessary to do more than point out 
the main fentures of the Act. All fishing boats 
are (or should bo) conspicuously numbered and 
lettered, and when fishing at night should carry 
certain lights, the details being given in the Act. 
Other regulations relate to the fishing boat’s register, 
to discipline, to apprentices, and agreements with 
seamen. This Act, of course, ajiplies to British 
fishing boats even outside British territorial 
waters. Other regulations for fishing may Iw 
divided into two groups ; 

(1) Those which arc enforced on the high seas, 
or beyond the territorial limits. 

(2) Those which arc enforced only within British 
waters. 

Regulations in Territorial Waters. 

There are three Acts which define the terri- 
torial waters within which His Majesty’s subjects 
have the exclusive rights of fishing. The Con- 
vention Act of 1843 defines certain waters which 
are to be reserved for Frenob and English fishermen 
in their respective countries, and here, in addition 
to three geographical miles from low-water mark 
(the distance allowed by international law), 
we find bays, the mouths of which do not exceed 
ten geographical miles in width, also reserved, 
and the limit is to be re^^koned as being distant 
three miles to the seaward of a straight line drawn 
from low- water mark off one headland to low- 
water mark off the other headland of such bay 
respectively. By a subsequent Act of 1858, which, 
like the act of 1843, was inlcnded to carry out 
a convention between England and France, we find 
a similar definition, except that the stnught lino 
across the bays is to be drawn from “ headland 
to headland/’ no mention being made of low- water 
mark . This convention was never carried out by 
France, the necessary legislation to make it opera- 
tive never having been passed. A later Act (of 1883) 
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deiinee exclusive rights of fishery as regards Fishing Grounds at Home and 

bays, and states that the distance of three miles Abroad* In England, trawling from steam 

shall be measored from a straight line drawn across vessels is practically prohibited within tliree miles 

the bay in the part nearest the entrance at the first from the shore ; trawling from sailing vessels is only 

mint where the width does not exceed ten miles. allowed with nets the meshes of whioh are a certain 

This Act carries out a convention between England, size, and there are in various localities regulations 

Germany, Belgium, Denmark, and Holland. No as to the tonnage of sailing trawlers. Certain 

definition of a bay is given, but presumably grounds are closed to all kinds of fishing but lining, 

any indentation of the coast line is a “ bay ' There is at present no regulation os to the size at 
within the meaning of the Act. which sea fish may be landed or exposed for sale. 

It must not Ik.» assunied that the exact del imitation but such regulations are in force for shellfish, 
of the territorial waters is a point of merely thoo- Shellfish are frequently protected by closed 

retical importance. Some of the laws restricting seasons, and bcri’ied lobsters and crabs may not be 

steam trawling in foreign territorial waters are removed from a fishery. Broadly speaking, the 

very stringent. For instance, trawl fishing within local fisheries committees absolutely prohibit 

the territorial waters of Iceland is punishable by wasteful and destructive methods of fishing. The 

a fine not exceeding 4,000 kroner (£220), together powers of district committees are very extensive 

with forfeiture of all the fishing gear, including the with regard to ))revention of certain methods 

drag ropes. That heavy fines are not infrequently of fishing, or the regulation of fishing imjilemcnts, 

inflicted English skipjx^rs know to their cost. Even but do not extend to imposing a size limit for sea 

to enter Icelandic waters with a trawl on board, fish. There can be little doubt that a measure pro- 

not stowed away, is punishable by a fine of 2,000 hibiting the landing of certain s])ecifiod classes of 
kroner, and th(3 ship, catch, and fishing gear may in sea fish under a certain size would bo beneficial 

either of these eases bo seized and sold to cover to the industry at large. 

the legal expenses. Steam trawler skippers who fish in the vicinity 

Regulations for Home Waters Apart of foreign waters have to be careful. As a rule, 

from the question of territorial uniters, which are the fines inflicted are excessive, being far above the 

reserved to native fishermen, we have to deal with modest £20 which is the maximum ‘‘penalty” in 

restrictions applied in the British Islands, and at England and Wales; moreover, either to bo in 

the outset a fundamental difference is to be noted. foreign waters with implements of fishing on board 

For England and Wales, although tlie Board of not stowed away or with the interUion of Ashing 

^Agriculture and Fisheries is the central authority is in some cases punishable. That this regulation 

for sea fisheries, Iho bylaws regulating the in* may at times be pushed to. or even beyond, 

dustry are formulated and administered by local its logical limits is ovidon(?od by a recent decision 

S<5a Fisheries (bmmittees, which were culled into of tho (Jerman Appeal Court, at Leifisic, which 

existence by the Sea Fisheries Regulation Act, 1888. deluded in the ease of tho smack Lady Godiva 

Although these bylaws are formulated by the that the presence of a foreign fishing boat in 

committees they need the sanction of tho central German waters with the intention of fishing was an 

authority before they become ojierativts. In olTence equivalent to that of actual fishing. 

Scotland and Ireland, on the other hand, the Fisheries in the Rritish Fmpire. 

administration of bylaws is controlled by a central Fisheries in the British Empire are in various stages 

authority, and this distinction is^compaiiicd by an of development. The Canadian fisheries both on 

extension of the area under control, for wherejis in the Atlantic and Pacific coasts are extrt’jmely well 

England and Wales bylaws only applv to tho organised and are exploited to a iiigh degree*, 

tcriitorial waters, in both Scotland and Ireland The Canadian Government, unlike our own, is a 

the jurisdiction of the central authority extends disbeliever in the policy of laissez faire, and docs 

beyond this. Naturally this extra-territorial everything in its power to encourage tho fisherman, 

authority only be enforced against British Not only are bounties paid to fishermen under 
subjects, at any rate, tis long us their vessels fly the certain conditions, but when points of special 

l^ritish flag, and already extensive evasions of the difiiculty arise they are promptly dealt with. For 

bylaws aro practised by British owners who have instance, of late years the Canadian fishermen, like 

jJaced their vessels under an alien flag, our own, have been troubled with a plague of dog- 

In Scotland trawling is absolutely forbidden fish. The Home Government do nothing. The 

in territorial waters (the Herring Fishery [Scotland] Canadian Government have erected several dog- 

Act, 1889) ; it is also forbidden in certain Scottish fish reduction works where the fish may be taken 

waters outside the three-mile limit, notably in by tho fishermen and converted into (jommerciul 

Moray Firth and Firth of Clyde, and fish caught by products of some economic value. Both in Australia 

trawlers flying a foreign flag in these waters must and at the Caj)e the fisheries need exploiting, and 

not be landed in Scotland, though they may be in }irobably the introducer of trawling on modern 

England. principles to cither of these colonies will meet with 

In Ireland no extensive advantage has been a substantial reward. With regard to India, Major 

taken of Section 3 (1) of the Steam Trawling Maxwell, who represented the Indian Government 

(Ireland) Act of 1889, which allows the Inspectors at the International Fishery Congress at Vienna in 

of Irish Fisheries to prohibit “ beam-trawling or 1905, said ; ” The fisheries of Indiiv ai’e entirely 

other trawling within throe miles of low- water undeveloped. Deep-sea fisheries os known in Europe 

murk of any part of tho coast of Ireland, or vnthin arc practically non-existent. The sea, however, 

the waters of any other defined areas specified in any contains incredible numbers of fish of all species, 

such bylaw.s, and subject to any conditions or ' The pox>iilation of India is over 300,000,000, and 
regulations contained in such bylaws.” There are, the great proportion would consume fi,sh if they 

however, certain extra -tm-itorial waters closed could get it. The riches to be gained by the 

under bylaws mode in pursuance of this section, exploitation of these fisheries would surpass the 

notably off the const of WatcTford. ^ wildest di'cams of avarice.” 

FisHERiifis condmed ; followed by Food Preservation 
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INTO how many articles of domes! io, industrial, 
* and public utility does tubing enter ? We do not 
intend to suj)ply the answer, for we cannot, but the 
(juestion may cau‘3e the reader to look around him, 
and ha will be surprised at the innumerable uses of 
tubing. The first use of metal tubing was for the 
manufacture of gun- barrels. The need for chca|)er 
tubing than gun-barrels j)rovidcd came with insist- 
ence during the early years of last century. The 
introduction of gas lighting called for very large 
quantities of tubing, and at first the need was met 
by old gun-barrels, of which there was a plethora 
after Na})oleon had been finally housed in the 
island where he died. Then with the need for chea|Kjr 
tubing came invention, and the fil(.‘s of the Patent 
Office contain the reeords of very many attempts to 
sol\"e the problem of tube manufacture, each vieing 
with each in efforts after economy and quality in 
tube production. But we have to do with the 
practical, not with the historical, side of the question, 
and we may proceed to examine modern processes 
of tube manufacture. 

The word tuh(\ or tubing, and the word pipe have 
the same meaning, and have been defined ns “any- 
thing hollow or concave, and with some degree of 
length.” The detlnition is comprehensive, and would 
inomdo a nut or a washer. But length is the con- 
spicuous feature of a tube^ and anything so short 
as a nut or a washer would not (!oiue under the> 
definition of a tuU?, although technically both of 
these articles arc short tubes. The word “ pipe ” 
is usually applied to tubes of cast iron, and also to 
those of lead, but tubes of wrot ii’Oii or steel and of 
metals other than lead are usually designated by 
the word “ tube.” The difference is mer#"ly a 
matter of habit, and has become fixed. It is con- 
venient, because to talk of an iron pipe is accepted 
as meaning something of cast iron, and an kon tube 
implies something of wrought iron. 

Cast-iron Pipes. The chief use of cast-iron 
pipes is for water and gas mains. The usual length 
ill sizes under 3 in, internal diameter is 6 ft., and for 
larger diameter pipes the length is usually 9 ft. 
American practice favours 12 ft, lengths for 
large water pipes, and there is economy in the 
longer length as there is then occasion for fewer 
joints. 

Iron pipes are usually east in a vertical })osition, 
and usually also with the socket end at the bottom, 
'llie x»ractico is not universal, for small pipes are 
oft^n cost in the reverse position, but the desirability 
for strength in the socket part constitutes a reason 
for it. 

Cast-iron jiipes are made by dry-sand moulding, 
which is the best and cheajicat jiroeess where the 
metal is poured under any great head of pressure. 
This process of moulding does not demand so much 
skill as greensand or loam moulding, and coii.se- 
quently it produces cheaper work. Indeed, skilled 
labour is almost dispensed with in pipe founding. 
In the most improved practice the casting pits fill 
the purpose of core ovens as well. This utilises the 
heat leit from the casting. When being used as 
ovens the pits are covered and flues admit the hot 
air. 



The Moulding-box. The moulding- box [1] 

is made in two halves, and has a liinje joint, 
enabling it to l)e opened longitudinally, ll is pro- 
vided with perforations for tlu; escape of gases as 
the motjil is being poured, and also as the moulds 
are drying. The size of the moulding- box is 
sufficient to allow about 2 in. of s.iud between it 
and the pattern. Its base nuide s(*paratc from 
the main shell, and before the moulding-box 
body is placed upon the ba.se a east-iion pattern 
of the socket is clamped 
into its ])laee. Then I hi* 
moulding - box or flask is 
placed u]>oii its base and 
clamped thereto, the enst- 
iron pattern for the ]>ipe- 
barrei is put into ]iosition 
inside it, the K])acc helueeii 
the pattern and the flask is 
filled with san<l and rammed 
hard with long rods, and tlu‘ 
pattern is witlidravvn. The 
surface, of the mould is now 
blackened. A common prac- 
tice is to pour black-wash — 
that is, finely - powdorerl 
charcoal made with water 
into the consistency of 
cream- -into it, care 
being taken that it 
gets around all the 
surface. The mould 
MOULD FOR CASTING PIPES dried. 

The moiilding-boxe.s, 
after ramming, are ])lared over apertures, which 
arc exhaust flues. The heated air entering the pit 
or oven — for in this capacity it is being u.si'd — 
jKisses up round the exteriors of the mouhling-hoxi's 
and descends through the mould to the exhaiisl. 
After the moulds arc dry tn»‘ moulding-boxes or 
flasks are set in position for the pouring. 

Preparing the Core. The core ought to 
be ready for insertion at this stage. Its ]>re- 
paration has been simple. Upon a long shaft, 
or arbor, is wound tightly a course of straw or 
hay rope of about J-in. diameter. This is done 
by phieing the shaft or core bar u])on trestles 
with grooves, in which the bar may rest, and by 
turning it with a handle fitted to its end. When 
one layer of rojMT has been ])ut on, soft loam is 
applied and rubbed in bctw.?cn the sfiirals of rope 
throughout the whole length ; thm another course 
of rope is wound on, nntl more loam applied until the 
mtcriial diameter of the ]>ipe to bo cast is reached. 
A loam board or strickle-board — that is, a templet 
the form of the edge of the longitudinal section of the 
desired core — is used to give it shape. The core may 
be partially dried during the jirocess, otherwiso 
the mass of loam and core ro|)e would not bo 
sufficiently cohesive t() remain unbroken. It will 
also yjrobably be bound with iron ydre for the same 
reason. Then it has a last coating of sifted loam, 
sometimes mixed with sawdust, made thin wilh 
water, is " stricked,” or made true to templet, and is 
finally dried. In pipe founding the core bar is 
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allowed to reniuin inside tlic core in the mould so 
as to give it strength, as a long core is necessarily 
weak. Tlie core must have n diameter slightly 
larger than the internal diameter of the pijw 
desired, as the iron shrinks in' cooling, the approxi- 
mate shrinkage and the usual practical allowance 
being J in. to every foot of diameter. 

The cores made as descril»ed are trtiated to black- 
wash, as was the mould, and are then inserted 
within the mould. 

The socket core is wrapped with hay rope and 
plastered with loam in the same way as the centre 
core, being also strieked by a templet and dried 
in tlie manner already described. 

Collapsible iron bars have been tried instead of 
ro}>e cores, as the latter are an expensive item in pipe 
founding, but they have not come into general use. 

Casting a Pipe. Tli© molten metal is usually 
poured from the top of the moulding-box, but 
sometimes large fiipes have as much metal as 
will cover the socket -core poured from the 
bottom by a gate through tne mould to the 
socket, the metal for the body of the pipe bcMiig 
poiireci from the top in the usual way. By 
this method there is less danger of injuiing the 
.socket-core by the heavy drop of metal upon it, but 
it gives the possibility of a “ cold shut between 
the metals of the two pourings. 

Whenever the iron has set, the core bar is with- 
drawn by means of the crane, so'os to prevent any 
danger of the pipe cracking as it cools, and the straw 
that is left at once begins to burn. When the pipe 
has dulled dowm to black, the shell of the moulding- 
box containing the pi])e is hoisted up and placed 
over skids, where it is opened and the pipe rollcti out 
upon the skids. 

Flanged pipes arc made in practically the same 
way, but it is a common practice to have a soparato 
moulding- box for the lower flange and to cl imp it 
on the cylindrical moulding-box used for the pipe 
body, the upper flange being made with a templet 
attached to a ring revolving on a pivot on the pat- 
tern, and a space being left for the cover. 

Pipe Sixes and Weights. Cast-iron pipes 
aie made horn thick to IJ in. thick, and the 
follow-ing table give? \he range of ^hicknaste? in 
which ihe various si^es are made with the weight 
of each per lineal foot. 

Dr. Angus Smith’s solution is in very wide 
use for coating pipes that are to be laid under- 
ground. It gives the j}ipcs a coating impenetrable 

WEIGHT OF OAST-IUON PIPES IN POUNDS PER 

Bore Thickness of Metal in Inches 
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to the liquid or other matters that usually pass 
through drain and water pipss, and it prevents 
c'orrosion. The original reci^ie took 60 gallons 
of coal tai, 60 lb. of freshly slaked lime, 12 lb. 
of tallow, 6 lb. of lampblack and 3 lb. of 
resin, all mixed together, • boiled for half an 
hour, and applied hot. Present-day prnotice has 
departed from this, and there is not strict uni- 
formity. A good method, largely followed, is to 
put coal-tar in a dipping tank largo enough to 
accommodate the pipe to b? treated, then .o add 
one-seventh part by volume of pitch in powder 
form, and one-seventh part of coal oil. The pipes 
are heated to just under boiling point, say 200’’ F,, 
and are placed into the mixture, turned over for 
a few minutes, and then withdrawn and allowed to 
drain. 

Welded Tubes. Many improvements have 
l>f‘en made in the proc'ossos of tube manufacture 
during the last fifty years. These have been 
chiefly in the making of seamless tubes. Welded 
tubes are made practically ns they were made 
three-quarters of a century ago. There may bo 
slight difference in the details of the process, but 
the principle has not lieen changed. 

Welded 1ul>ea may be divided into two classes — 
hntt-weldf'd and lap-welded. In both cases a strip of 
flat metal is bent round into tubular form by special 
apparatus. Butt-welded tubes are those where the 
bending of the strip causes the two edges to buU 
or touch each other, and in this position they are 
welded. La])- welded tubes, on the other hand, are 
bent round so that the two edges overlap, and in this 
])oaition they are united by welding. A lap-welded 
tube must have a mandrel or solid rod insicle when 
it is being welded, but a butt-welded tube can be 
welded without internal support during the process. 
Thus, very small tubes can be made but^ welded, but 
not lap- welded. Butt-weldcni tul>es of iron are made 
as small as I in. internal diameter, and they 
could be made even smaller, but the minimum 
internal diameter of lap- welded tubes is coii8ide»^ 
to be about 1 in. The manufacturer of welded 
tubing purchases “ rolled strip ” from the iron- 
rolling mills. This rolled strip is simply iron hoop 
or plate in the form of strips of the width necessary 
for the tubes about to be made. He converts this 
strip into “ skelp,” or tubes, the edges of which 
touch or overlap, but are not welded together. 
This is done by ])assing the strips through rolls, 
which first curve it and then bend it round until 
the edges touch or overlap. 

Formerly, the tilt hammer process [2], 
patented eighty years ago by James Russell, 
of Wodnesbury, was the tjommon practice, 
and may still bo followed to some extent. 
By this process the roughly-formed tube 
was heat^ to welding heat and passed 
along the grooved anvil of a tilt hammer, 
caused to strike rapid blows by the rotation 
of a wheel with projections as soon in the 
illustration. A mandrel was placed inside 
the tube being welded, if exactness in the 
internal diameter was desired, but if such 
exactness was immaterial, no mandrel was 
used. The in vent Jon of this process was 
an important stage in the development of 
tube manufacture, as it proved that a rough 
tube heated to welding temperatm*c could 
be welded up merely by having its edges 
placed in oontAot and pressure applied, and 
without the need for the employment of 
309-4 an internal mandrel such as had been 
previously used. 
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RUSSELL S PROCESS FOR 
WELDING TUBES 


Duri ng the year after Rusiwil began to exploit his 
patent, Whitehoui»o, of Wedneabury, introduced his 
draw - bench pro- 
cess, which is that 
still used, and 
which is bwt de- 
scribed in the 
words of the 
original specifica- 
tion (No. 5109, of 
1826). 

“ I prepare a 
piece of flat iron, 
commonly called 

plough-plate iron, of a suitable substance and width, 
according to the intended calibre of the tube. This 
piece of flat iron is prepared for welding by being 
bent up on the sides, or, as it is commonly termed, 
turned over, the edges meeting, or nearly so, and the 
piece assuming the form of a long, cylindrical 
tube. Th is tube is then pu t into a hollow fire, heated 
by a blast, and when the iron is upon the point of 
fusion, it is to be drawn out of the furnace by means 
of a chain attached to a draw- bench [3J, and passed 
through a pair of dies of the size required, by which 
means the edges of the iron will become welded 
together.’* 

Ho then describes the mechanism. The chain, 
which is driven forward by a spur wheel, carries 
a screw' clamp in which "the end of the metal 



strip is hold. The iron tube, after having been 
heated almost to the point of fusion in the 
furnace, is led between the dies of the s<;n?w press 
and fixed in the sci-ew clamp mentioned. Then the 
screw press is turned until the two halves of the die 
approach each other and make the desired opening 
through which the tube may pass; the gearing 
dragging forward, the chain is put into motion and 
tho oont strip, entering the screw pioss dies, emerges 
from them in the form of a welded tube. It is with- 
drawn from the clamp and from tho screw press. A 
small lengtli of tube at the end where the chain 
clamp is attached is not welded. This piece is 
welded by returning that end to the furnace and, 
when it has been made white hot, by drawing it 
through the dies from the other end. 

Sometimofi the edges of the strips used for making 
butt-welded tubes are cut obliquely, making the 
weld thereby not a true butt, but a sort of lap. This 
practice makes a slightly better tube than the plain 
oatt weld, but is still much inferior to the lap- welded 
tubf\ which we shall now consider. 


I«ap«welded Xubes* Tn its essentials the 
process of welding tubes with a lap weld is similar 
to that employed for butt- welded tubes except 
that a mandrol must be used to afford the necessary ’ 
resistance during the operation of welding, as the 
pressure must be applied in a different direction to 
that when the weld is of tho butt variety. Kusseirs 
original process (1846) which is that still usually 
iwaetised, is described by its author as follows ; 

‘‘ The tubular skelp drawn from the furnace at 
a welding heat is placed upon a mandrel or what 
the inventor terms a ‘ beak iron,* which has a. 
working surface of steel and is rigidly fixed at one 
end in a horizontal position, its free end projecting 
over a draw bench. The free end of this beak iron 
affords the necessary resistance and support when 
the lap joint of the tube, in order to weld it, is 
pressed upon by a roller while the tube is drawn 
off the beak iron by tho action of the draw chain 
to which the grinpers that have hold of the tube 
are attached. This system of working answers for 
tubes of large size, which are w'elded thereby at 
two operations, one half at a time. In making 
smaller tubes the mandrel or b^ak iron is required 
to be longer and of small diameter, and, conse- 
quently, as there is not sufficient substance to 
support the tube and its own weight horizontally 
without deflection, it is su])ported by a roller 
beneath the ttibe while the welding roller above 
is operating on the seam, the draw chain dragging 
tho tube forward. The skelp in this case is drawn 
direct from the furnace on to the beak iron.” 

This process, that of rolling the skelp at welding 
heat and with a mandrel in the centre by one or 
more rollers, has been the subject of many im- 
jirovements, but the only one that we shall notice 
Hej)arately is the Perrin process, which is, however, 
rather beyond the scope of an ordinary lap-welded 
tube. 

The Perrin Process. The Perrin process 
of manufacturing tubes uses piled hollow blooms 
placed as in 4 , and welded together by pressure. It 
is an important and a successful procjess, pro- 
ducing the apparently mechanical paradox of a 
seamless tube made by a welding process. The 
blooms are rolled into channel 
seed ions, and are x>laeed as 
shown In the diagram. The 
edges must not butt where one 
channel section opposes a simihir 
channel. This leaves room for 
compression, and a thorough 
weld between the external sur- 
faces of the inner pair and the 
internal surfaces of the larger pair. 4 . PERRIN *8 PRG- 
Wien the piled blooms have been CESS OF TUBE 
raised to a welding temperature manufacture 
the pressure of the uppermost 
outer bar ui)on the inner bars and the pressure of 
the inner bars upon the lower outer bar cause the 
parts to become united or ])artially welded along 
their adjoining circumferential smfaces, and by 
such welding &forc removal from tho furnace the 
bars are retained in tlieir pro})or relative positions 
during the subsequent rolling operation, which 
completes tho welding. The piled bloom is rolled 
down at one heat sufficiently thin to form some 
sizes of gas, water, steam, or other tube. 

Spirally Welded Tubing. Spirally welded 
tubing is made and used to some extent. 
It is specially suitable for large tubes that have to 
stand high pressures. The spiral welds withstand 
bursting strains far above longitudinal welds. 
Another fenture of merit is that this tube can be 
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mnclo in very long longtha. Also spirally welded 
tubing tiiat leaks at low pressures tends to become 
tight as tho pressure increases, and to remain so. 
This property may seem curious, but it may be put 
to tho proof. If we make a twisted pajior tube, 
close one end, and blow into the other end of it 
gently, the air wc send in escapes at the edges of 
the spirals, but if we blow into it with more vigour, 
the tube becomes tight. Thus, internal pressure 
on a spirally welded tube tends to force the ov(jr- 
lapping edges of tho spirals into closer contact, and 
to make the welded surfaces tighter, whereas internal 
pressure in a longitudinally welded tube tends to 
open the wold and to force the edges apart. 

Making Spirally Welded Tubing. 
'Phe ))roc‘ess of manufacturing spirally welded 
tubing demands very accurate machinery. It is 
almost quite automatic, and does not entail highly 
skilled labour. The skill has been put into the 
machine. The “ stock,” or non or steel plate, is 
rolled of the required width, and in as long strips 
ns possible. The ends of these strips are welded 
together in a machine so as to give any desired 
length of strip in one piece. The completed strip 
or ribbon passes to the tube-making imujhine, which 
has four functions — feeding, bending, heating, and 
liammoring. Tho end of the ribbon of metal is 
fixed to a guide table, set to the angle of the spiral, 
and is fed in by geared rollers. A mandrel is not 
employed but the mould is of a form to keep the 
size and alignment accurate. Projec^ting into the 
pij)e, a distance a little in excess of tho w'idth of 
the skel]) or stock used, is an anvil, cooled by water 
circulation and protected by firebrick. Tho fur- 
nace which raises the edges to welding heat is a 
small cast-iron box, lined with refractory material 
containing two nozzles, which are really blow-pipes, 
extruding a Punsen flame upon the edges to be 
welded. One of these blow-pipes heats the edge 
of the pipe already formed, and the other heats the 
part of the skelp that is to bo welded to it. The 
entering skelp meets the hot edge of the pipe just 
where the two flames from the blow-pipes meet; 
a hammer, with rapid blows, welds the two edges as 
they pass across the face of the anvil, the crimper 
also acting upon the work to preserve the projjcr 
curvature, and the pipe is made. The machine, 
acting as we have described, makes a foot of 
welded surface fiei* minute. 

Flanges of Spirally Welded Tubes- 
S})irally welded pipc’is are usually flanged, as this 
is tho best way of joining them one to the other. 
The ty])e of flange is what is known as the trumpet 
flange. The end of the pipe itself is turned over 
flat, thereby forming a narrow flange. The larger 
flange comes behind this, and has holes for 
bolts, so that two flanges are tightly pressed one 
against the other. But the strength of the union 
depends not at all upon the union of the large flange 
to the pipe, for the large flanges merely press the 
smaller flanges tightly iogetlier. Packing is, of 
course, used. 

Spirally welded pipes have been made up to 
about 50 ft. long, but such lengths are con- 
venient only when they are to be used close to the 
place of manufacture, because about 30 ft. is the 
longest that can be transported without the creation 
of exceptional facilities. 

Spiral tubes, with the spirals united to each other 
bv riveting instead of oy welding, as described 
above, are also made to some extent, and their 
manufacture is cheaper than that of spirally 
welded. Their chief economy is when are of 
lQ.rge size. 


Helical Steel Tubing. Another form of 
spiral tubing is the so-called Mical tubing f5] 
(Hillman’s patent), used in the manufacture 
of Premier cycles. Long strips of sheet 

steel, usually of 
crucible cast- 
steel, is coiled 
round a man- 
drel, each 
spiral overlap- 
ping the pre- 
ceding one to 
half of its 
width. Tho 
o verlappin g 
surfaces are 
5 . HTSLICAL 'JTJBING brazed to- 

gether. 

Seamless Tubing. Seamless steel tubing has 
many advantages over welded tubing, no matter 
what process of welding may be adopted. There are 
very many processes by which seamless steel tubing 
is manufactured. These processes follow one of 
three practicjcs. First, thei*e is the process of piercing 
the billet with a mandrel or drill, thereby making a 
short cylinder, to be afterwards rolled or drawn (or 
rolled and drawn) into the desii*ed tube. Then 
there is the process whereby the billet is made 
with a core; and, finally, there is the wonder- 
ful Mannesmann pro(5ess, whereby, under the 
action of rapidly revolving rollers of sjujoial con- 
struction, the solid billet is “ spun ” into tubular 
formation and attenuated to make tho final tube. 
We shall look at these different processes in their 
order, selecting in the first two the main principles 
common to many adaptations of the process. 

The manutacture of solid drawn tubes consists 
of two main operations — namely, rolling and 
drawing, tho formci* being done while the metal 
is hot and the latter when it is cold. The 
material comes into the works in the form of 
billets, usually round, with a diameter of about 
0 in. and a length dei»endjng upon the tube to be 
made, but usually from 18 in. to 24 in. The billots 
are, of course, solid, and the first process consists 
in drilling them with one hole up tno centre longi- 
tudinally. Usually a H]>ecial horizontal machine 
operating u j»on both ends of the billet simultaneously 
does this work. It is often done with the billet in a 
bath of water, which constitutes a lubricant for the 
drill and si^eeds up the work. The drilled billet is 
put into a furnace, and when it has been extracted 
hot, a hard steel mandrel is forced through the central 
hole to enlarge it. This is ijerformod with the help 
of a hydraulic press. 

Again the billet is heated, and the next process 
lengthens it, and it begins to assume a shape approxi- 
mating to its final form. It is rolled between grooved 
rolls, while a mandrel is kept in position in the 
centre of the eireular hole formed by the two grooves 
in opposing rollers. As the billet is passed through 
the rolls, it is forced on to this mandi'el. It goes 
through this operation several times, each time 
having a smaller pair of grooves through which to 
pass. The mandrel over which it passes is shaped 
something like a bullrush, a head of the required 
thickness and a stem of thinner metal behind. Each 
puss of the tube through the grooves we have 
described forces it over Uie manclrel and on to the 
stem, whence it has to be removed to be passed 
through again until it is sufliciently drawn. With 
tubes of small diameter the bar or stem of the man- 
drel cannot be made sufficiently strong to withstand 
the resistanoe offered by the tube as it is being 



forced on ; so in this case the tube is first put on 
the mandrel stem and then drawn over the head 
through the grooved rollers. By this means the 
strain upon the mandrel stem is changed from ono 
of compression to one of tension. 

When the tube has been drawn hot in the manner 
described to a certain point, it is cut with a hot saw 
to length, and the finishing processes arc |)erformed 
cold. Those finishing processes are : drawing tliroiigh 
dies several times, and annealing and pickling 
between after pass. The m; chine used is the 
chain draw-bench fBj, which we have already seen 
in use for making butt-welded tubes, but the test 
through which the tube passes is not a screw press, 
but a nardonod steel die. Otherwise the operation is 
the same as we have already scon. The tube, as 
drawn cold, contains a mandrel, so as to preserve 
the true diameter, and each die being smaller than 
the external diameter of the tube as it enters, 
elongates the tube. The annealing furnaces must be 
large, as tliey have to accommodate tubes up to 
25 ft. long. After annealing, the tubes are pickled in 
dilute sulphuric acid, to rid them of scale. Special 
Uammers also are usually employed to reduce the 
ends of the tubes for gripping in the screw clamps 
attached to the drawing chain. Finally, the tubes 



6. TUBE DRAW-BENCH 

arc cut by cold circular saws, and arc ready for the 
niarkot. 

For very light gauges of tubing, such as us(;d for 
cycles, the tulx's are, after cold drawing, reduced 
further by a process of cold rolling. This operation 
is ]:)erformed by means of two horizontal tjiper rolls 
]>laced side by side and tapering towards opposite 
directions. The lube, having inside it a mandrel 
fitting it exactly, is ])a8sed through these rolls, 
which stretch the metal, and can reduce a tube from 
» B.W.G. to Ifi H.W.G. 

The Ehrhardt Process. In the process 
just described the billet is drilled when it is cold. 
It is also common ])raclice to displace some of 
the metal from the centre of the billet when it 
is hot. Ono of the various metliods may be 
adppted t<j this end. We shall describe briefly one 
such process. It is the Ehrhardt process, and is used 
in the manufacture of gun liners, shells and other 
war materials, as well as for making ordinary steel 
tubes. Th(.' process is as follov's, in the words of the 
inventor’s specification : 

“ To produce a hollow cylinder from wrought iron 
or steel, a piece of square iron or steel is taken, the 
cross-seotion of which, measured diagonally, corre- 
sponds to the diameter of the hollow cylinder to be 
pierced. The said piece of iron or steel j7ttj, when 
in a red-hot or white, glowing state, is delivered into 
the matrix 6, the inner space of which also corre- 
sponds to the shape of the hollow cylinder to be 
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produced, and a pointed core- bar, c, is then driven 
into the metal by means of a hammer or press, 
while the lid, d, is used as a 
guide for the said core-bar. The 
diameter of the latter is chosen 
BO that the material forced aside 
by it is siifficiont to fill the 
four segment-shaped spaces be- 
tween the square sides of the 
block and the interior surface 
of the matrix. The core-bar 
enters the metal without any 
difficulty, as the metal, while 
being forced away, can give 
way at its sides, and a hollow 
cylinder with closed bottom 
is produced.” The lower part 
of 7 shows a section of the 
square billet in the cylinder 
previous to the introduction 
of the core, and 8 shows the 
core, /, driven home, with a 
section showing how the billet 
is ex]>anded to circular sha^ie. 

The billet may be picTCod from 
both ends as illust»'aterl in 9. 

This is the principle of the 
process, and we may make a 
brief examination of the 
practice. Tlie billets used 
are generally of Swedish steel, 
and are received square, a shape 
which is an important essential. They are 10 ft. or 
II ft. long, and in section are from in. to 8 in. 
square. The billets are out to lengths" svi flic ient to 
allow sufficient metal for the pi]>e to bo made. The 
cutting is done with cold saws when the sections are 
over 5.4 in., and with hot saws when smaller than 
that size. The out length at white heat is then put 
into a vertical hydraulic* press 
provided with a circular die. The 
corners of the square billot just 
the internal oircumferonoe 
It, ..e ijjp, there are four 

segments between the die and the 
billet. A mandrel now descends 
and the billot is pierced, the 
metal displaced in making the 
hole causing the mass to expand 
and to fill the segments already 

mentioned. The mass of metal put 

^1 into the die and the mandrel must 
^ ^ bo apportioned in size so that the 
metal displaced by the latter musi. 
exactly till the cylindrical die at 
its circumference. The billet 

fi vuniiAiinni picrced in this manner is again 
». BHRUABDT 

bench, where it is drawn to the 
required gauge. The same internal 
diameter is maintained from the ]»iereing to the 
last drawing process, all the drawing proeosses 
n^dueing the external diameter by elongating the 
motul. When exactness of gauge and diameter is 






PROCESS AFTER 
PIERCING 





9. EHRHARDT PROCESS PIERCING FROM BOTH ENDS 

not of first importance, pipes may he linished hot. 
When these considerations are matters of moment 
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the final ])rocessca are cold drawing, aB described 
in the previous process, the tul>e8 being pickled 
after the hot drawing and annealed and idckled 
after the cold drawing. 

Tubes from Cored Billets. Several 
processes, by which the metal ingot from which a 
tube is made is produced with a longitudinal hole, 
thereby making it cylindrical in form, have been 
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evolved and some are in operation. In one, the 
core is of oblong st>c.tion and is, of co\ir‘=io, made of 
some refractory material such ns graphite. The 
billet, being cast with this (;ore is flattened, making 
what is in clTect a flattened tube. It is then 
o|>ericd and goirs through several modifications of 
sectional form, nltiinait^ly becoming round and 
being drawn over mancirels in the usual way. 
Kvery prwicss using billets already cored in their 
first state prtioeeda much after the same manner. 

Mannesmann Tubes. The Mannesmann 
process of manuf.icturing tubes from steel ingots 
was described at its introduction in 1890 as “an 
epoch-making invention.” The absolute novelty of 
the process and the marvellous results which it 
gave caused experts to be sanguine about the 
revolution it was to make in tube manufacture. 
To quote the words of one of the experts who hailed 
it with acclaim, it accomplishes the apparent 
mechanical paradox of ex])anding a solid block of 
metal into a hollow steel tube with a void witliin 


several times its own original mass, by pressure 
applied from the outside, and this it does with great 
certainty, case, and quickness.” This is really what 
the process accomplishes. It must be stated, how- 
ever, that the Mannesmann process has not killed 
every rival process, and to this extent it has dis- 
appointed the great expectations of its inventors and 
sponsors. It is one among many good processes, not 
the sufxjrlativo process that has superseded all 
others. Its chief objection is that very great power 
is required for the machines necessary, and this 
means a high ex]x?n8e. Of the <piality of the product 
there is no question. It was found that a red-hot 
billet led between two rapidly revolving rollers [10] 
of conical section or inclined longitudinally towards 


each other — re- 
volving in the 
same direction — 
that is, with their 
oppasing surfaces 
revolving in op(»o- 
sito directions, as 
indicated by the 
arrows in the illus- 
t rat ion — was made 
to assume a hollow 
sha|K\ of tubular 
form. What seems 
to be a vacuum is 
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created. The space is, however, found to be filled 
with almost pure hydrogen gas given off by the 
hot iron. The heated billet is placed between 
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the rolls, being led through guides, so as to 
make lateral motion of the rod or billet im- 


possible. The end of the billet that enters 
the rolls is slightly flattened, and this causes the 
particles on and near the surface to be pushed 
forward more quickly' than the remaining parts, 
thereby forming a cup-like recess in the end of the 
billet. As the rolls keep moving, the hot metal is 
})ulled from the inside of the rod and pushed forward 
in the shape of a tube. Great ra])idity is essential, 
or the metal would become too cool for manipula- 
tion before reaching the end of the billet. As already 
stated, the power required for this process is very 
high. It varies from 2,00()-hor8e power to 10,000- 
horse power, according to the diameter of the tube 
in process of manufacture. The revolutions of the 
flywheels in the machines are so numerous that 
such wheels are usually made of large discs inside 
which and around the hub wire is tightly wound to 
give the necessary weight. Cast-iron flywheels 
would fly apart, and have, indet^d, done so on 
several occasions before they were discarded. 

A mandrel may be used when exactness of inter- 
nal diameter is required 111] and when a tube of 
small diameter and heavy gauge is being made into 


larger diameter 

\ thinner gauge. The 

Nc Mannesmann process 

])i*oduce8 tubes of very 
I high tensile strength. 

I t Figure 12 shows a 

diiJerent form of re- 
volving 00110:3. 

/ ^ The Stiefel 

\ Process. TheStie- 

ft'l process deserves 

12. MANNESMANN PROCESS »» it has 

poijits of reserablaiioe 
to the Mannesmann process. 'JVo opposing discs 
mounted upon revolving vertical shafts parallel to 


each other and not in the same plane have faces with 
circumferential bevels. The hot billet is made to 


pass between these discs and on to a ])ointod 
mandrel placed in ]) 08 ition, which pierces it in its 
progress. Suitable guide blocks are placed to keep 
the billet in its path. 


Large Steel Tubes. Tubes of very large 
diameter have l)een made by a process of rolling 
subsequent to a rough drawing. The maximum size 
made hitherto by ibis process is 10 ft. long and 
8 ft. in diameter, and tliero is no reason why the 
diameter at least could not be made much greater 
if it were desired. Such tubes have been used for 


rings for locomotive boilers, cylinder linings for 
hydraulic presses, and other purposes where high 
tensile strength is imperative, and where formerly 
the structures had to be made of plates curved and 
welded or riveted. 


The process consists first in piercing a steel billet 
of suitable size into tubular form, and then of 
inserting a roller not shorter than the size of the tube 
desired, and rolling the tube already made, thereby 
increasing its diameter circumferentially as the 
shell is attenuated. 


Die press Pf^cess. Another orocess of tube 
manufacture consists in pressing discs of metal 
in a die press until after successive o^ratious they 
evolve from flat sha^Kj to cup shape, then becoming 
longer, thinner, and of smaller boro under suitable 
yirossing dies until they assiimo the ultimate form 
desired. This mode of manufacture is suitable for 
objects such us cartridge oases, and steel cylinders 
for gas, which in their final form are 'to have one 
end closed. They are thus cylinders rather thon 




tubes. The open ©aid ia, if necessary* narrowed or 
closed by compression, or, in the case of heavy iron 
or steel cylinders, the object may be made in 
two halves, which come together sectionally, and 
sre united by welding. 

L*ocK*Joint Tubing. Various attempts have 
l>een made to manufacture lock>joint tubing, and 
the problems involved present no great difficulties. 
The usual practice is by rolling processes and 
t-lirough formers which bend around the edges of 
the strip into suitable shape, so that one edge 
may engage the other. Then the edges are brazed or 
soldered [see Soldering). The manufacture of 
such tubing is limited, and is seldom used for making 
iron and steel tubing. 

Taper Tubes. For some purposes taper tubcw 
are desired. In the case of locomotive boiler tubes, 
for instance, they may bo made parallel outside, 
but tapering inside, and therefore of heavier gauge 
at one end than at the other end. This is done in 
order that the thicker end may he placed where it 
is subject to greatest heat, and the thin end whore 
the heat is less intense and the thickness 8ii|)er- 
lliioua. Brass and copper tubes are made with an 
internal ia|)er by drawing them upon a ta|>er 
mandrel the entire length of the tubci, and by 
stripping them from this mandrel. Iron and steel 
tubes with internal taper are made by different 
processes. Ricketts’ method provides that, in the 
process of drawing tubes through dies and over 
a bulb- headed mandrel, the mandrel should tie 
made of slightly tapering form, and should have a 
very slow longitudinal travel, working automatically 
after the manner of the automatic feed on a drilling 
machine. Thus the space between tlui mandrel 
taper and the die, which space decides the gauge of 
the tube, is gradually widened, thereby producing a 
tulie of gradually increasing gauge, and therefore 
with internal taper. 

Heavy iron and stt^el tubea, such as are used 
as standards for electric lights and for electric 
railways are made by using as a die a pair of rollers 
provided with circumferential grooves with gradu- 
ally increasing sweep. Those rollers revolve in 
unison, and as they do so the die formed by the 
two grooves, while always remaining eircular, 
increases in size, thus making the tube tfi^wr. 

Annealini* Tubes. In drawing tubes cold 
through dies as in wire drawing, the drawing 
]>rocess hardens nearly all metals, rendering them 
incapable or extremely difficult of further drawing 
and to reinvest them with the necessary ductility 
annealing is necessary. The annealing chambers, 
ns we saw in considering wire drawing, are 
simply ovens of suitable size, and into these 
the articles are placed and maintained at a 
high temi)erature. Annealing, under the usual 
conditions, demands that the object annealed 
should be afterwards “pickled” — that is, immersed 
in a solution of hydrochloric acid (usually one 
part to 39 of water). I’his pickling removes the 
oxide of iron which the annealing has caused to 
appear on the surfaces of the tubes. Many attempts 
have been made to dispense with the necessity for 
pickling, and what is termed “ bright annealing ” 
is a not uncommon process. In bright amiealing, 
the articles in the annealing ovens are annealed 
not surrounded by air as in the common fwocess 
but by some gas which does not have the oxidising 
influence of air. In some cases the annealing 
oven is put into communication with a coal gas 
supply service. By admitting the gas the air is 
expelled and the articles arc then annealed without 
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the formation of scale, maintaining their original 
brightness. 

Other devices adopted include special methods 
of pickling. One process attempted removes the 
scale electrically by making the tubes anodes in 
an almost neutral bath, and by introducing lead or 
iron plates as cathodes. 

Hrass Tubes. The production of brass 
tubes is very large. Such tubes were formerly 
made by the primitive hand method, in which 
a strip of sheet metal was cut to the nt^cessary 
width and l>ent around an iron rod. The cdgr*a 
of the partially-formcd tube were then bound 
together with rings of wire, solder and borax 
were placed along the seam and fused in a com- 
mon forge or under a blowpi^w. Then, after being 
soldered, the tube was hammered round the rod 
upon which it had been formed, fullers being usecl 
in the proce.s8. 

The present-day proces.s of making tubes of brass 
and other metals gives results much better than 
the original method mentioned. Strips of metal 
of a suitable width are cut. In the case of largo 
tubes demanding thick sheets the strips are put 
longitudinally through rolls — one concave and its 
fellow convex. By this device the strips are made 
into long channels the section of which is curved. 
Then, by beating it with a hammer, the end of the 
lub<' is tapered. The drawing too! is placed in 
position in the draw bench, and the tapered end, 
or tang, is passed through it. The draw tongs are 
made to grip the latter, and j)ut into motion by 
means of the chain, which drags them along the 
bench, pulling the metal strip through the dies, 
and giving it the form of a tul>e with a scam up one 
side. I’lien the wirvr — that is, a workman, or often 
a workwoman, responsible for the next operation — 
binds the edges together by encircling the tube 
with rings of iron wire at a distance of 2 in, apart. 
Then another operator, called the charger^ places 
along the seam some spefter^ or brass solder, in 
granulated form and mixed with borax. 

The crude tube so prepared is now placed in a 
soldering stove, which must be of a suitable leugtK 
When it has been raised to a red heat, the brass 
solder and the borax fuse and unite the two sides, 
making the tube complete except for the finishing 
processes. 

The binding wires are removed when the tube 
has cooled, and the surplus solder is removed by 
liling or grinding. Then pickling in weak acid cleans 
off the adhering dirt and the tube is again passed 
through a die on the draw bench. If a tube of abso- 
lute accuracy — internally, as well as externally — be 
demanded, a smooth mandrel is placed inside it 
before it receives this final drawing, and the drawing 
die, offering pressure to this resisting mandrel, 
makes a tube smooth in surface and uniform in 
gauge both internally and externally. 

Solid Drawn Brass and Copper 
Tubes. The ingot which is to make brnas or 
copper tubes must be carefully made, and certain 
precautions are necessary. It must be sound 
metal, and must have a sound face, or the ohanco 
of a good tube rt'sulting is small. Clean metals 
poured into warm mouldst should give the desired 
result. If the moulds are cold, and the cores warm, 
the latter will draw moisture, giving unsound ingots, 
ill addition to which there is a danger of some of the 
meUil blowing out of the mould. Usually, the 
casting is done in iron moulds set vertically and 
with warm cores. Mould and cores should be 
coated with plumbago or chalk, the former for 
preference. 
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Welsh coke is the best fuel, but if gas coke be 
used, it sliould l)e clean, or impurities may be 
carried into the metal. 

With alloys of zinc, the heat should not be raised 
too high, or the composition of the alloy may be 
altered somewhat, and if exact specification be 
demanded, this may bo bad. The flux used in 
making alloys must depend upon the constituents 
of the alloys, but it ought to produoe a metal in a 
clean fluid state, and with melting temperature as 
low as possible. 

A little lead, especially if it contain a })ercentage 
of silver, will make the process of rolling and drawing 
much more easy, and it is worth adding, but only 
a small quantity will enter into the alloy, any excess 
above this quantity squeezing out in cooling. 

The hollow ingot, haying been cast, is placed upon 
a mandrel and pulled through successive dies, each 
smaller than that preceding. Sometimes the 
mandrel is stationary os well as the die, and the 
tube is drawn between the two. Between each 
drawing the t\jbea are annealed and pickled, 
this being necessary to re- impart the ductility 
required. 

Copper Tubes by Electric Deposi- 
tion, Copper tubes are made by electrolytic 
deposition as well as by the mechanical process 
described. The chemical purity of electrolytic 
copper is well known, and when the plant is arranged 
to (leposit the f!op|)er in the form of a tube there is 
a great saving of mechanical operations. Tubes 
made by this proc^ess arc able to stand very severe 
tests. They may be doubled close cold and then 
doubled over ; they may be doubled close (;old and 
then opened o\it, and they may be expanded and 
flanged with a flange three times the diameter of the 
tube — all without splitting or showing defects. 

In the process of manufacture the eap]:)cr is 
deposited upon a mandrel. For tubes up to 4-in. 
inside diameter the mandrel is of brass, and for larger 
sizes it is of cast iron, with a brass neck to take the 
current. The cast-iron mandrels, previous to use 
in the tube denositing tanks, are immersed in an 
alkaline electrolytic bath, containing sheet copper 
anodes, where they receive a thin (overing of copper. 
The alkaline bath is kept at a slight heat. All the 
man Irels, whether of brass or of cast iron, are 
covered with plumbago, so that tlie finished tube 
may be easily removed after deposition. 

"Phe anodes used in the depositing bath are made 
from copper bars, which have been refined to remove 
arsenic and other imymritics, and arc practically pure 
cop|)cr. They are cleaned with diluted sulphuric 
acid before immersion in the depositing tanks. In 
operation the cop]ier anodes and the mandrels arts 
placed in the t-ank, the latter nested alongside of the 
anodes and resting on insulated supports at both 
ends. Acid sulyfliate enters the tank by gravitation 
from suitable reservoirs. The positive current 
reaches the copper anodes through lead conductors, 
and the negative current reaches the mandrels 
through copper conductors and flexible brushes. 
The mandrels revolve during the process, while 
agate burnishers travel along the whole length, 
giving to tlie tube uniform density and a surface 
of mirror smoothness. Tne coatecl mandrels after 
removal from the tank are treated in a tube expand- 
ing machine, and in a power draw-bench, which 
pulls the tube from its mandrel. Sometimes the 
tubes are subsec^ucntly drawn to different dimen- 
sions to those in which they leave their mandrels, 
and in this event tliey must bo afterwards annealed 
and ))ickled 


Aluminium Bronse Tubes. Alu'hiiniuni 
bronze is specially suitable as a material for tubes, 
for water-tube boilers, condensers, and acid indus- 
trial works. Its ability to resist corrosion is excelled 
only by gold and platinum, and its electric 
potential is almost nil. Aluminium bronze tubes 
are of en drawn by the Mannesmann process, 
already described. To attempt to draw them on 
draw benches commonly used for drawing brass 
and copper tubes is to spoil the dies, which an* not 
strong enough to resist the hardness and high tensile 
strength of the alloy. During the process of draw 
ing, aluminium bronze tubes require frequent 
annealing. 

Brass-cased Tubes. Much of what looks like 
brass tubing is only iron, tubing covered with brass. 
Great economy is effected by substituting this so- 
callod brass-cased tubing for solid brass tubing. 
Instances of its use are brass l)edsteads and brass 
curtain ]f)oles. The latter are usually, however, of 
brass entirely when they are bent to fit oriel windows. 
The methods of making brass-cased tubing is ingeni- 
ous and simple. The iron tubing is made from hoof) 
or strip iron in the manner we have already described 
except that the butting edges are not usually brazed, 
welded, soldered, or otherwise joined. Then a tube of 
brass larger in its internal diameter than the external 
size of the iron tube is made in the same manner. 
The iron tube is put within the brass tube. It enters 
easily, being smaller. Then the two together are 
put on the draw bench and pulled through the die, 
which eomj)resses the brass tul>o in diameter and 
extends it longitudinally. This mere pressing of 
the brass tube upon the iron tube gives sufficient 
adhesion for all purposes to which brass-cased tubing 
is usually put. Sometimes the brass tubing is brazed 
before being drawn down on the iron tube, but for 
some purposes this is not done. H wc examine 
the brass-cased tube that serves for the head rail 
in a cheap iron bedstead, we shall probably find that 
the underside shows a seam. This is Wcaiise, for 
considerations of fnice, the brass tube has not been 
brazed at its edges. 

Tubes of Odd Section. Tubes of 
odd form, such as square, oval, D-shape, trian- 
gular, fluted, or polygonal, arc made limply 
by making the drawing die and the mandrel 
the necessary shapes. They present no difficulties 
greater than those in drawing ordinary round 
tubing. When tubes other than round are desired 
to be made with their section Kf>irally to the length, 
making thereby what arc called twisted tuhes^ the 
tool through which they are drawn, in addition to 
being of the desired form, is made to revolve. It 
is geared to the wheels that Of)erate the drawing 
mechanism, and thus a uniform number of twists 
can be given throughout the length of the tube. The 
tool in this case really acts like a screw-plate, putting 
a thread on the tube pulled through . it. Many 
forms of ornamental tubing, such as are much used 
for gas pendants and other gas fittings, lamp 
standards, etc., are made by passing brass tubing 
through hard metal rollers containing grooves cut 
with the desired pattern. A solid brass tube . is 
supported inside with a mandrel, so as to otfer 
resistance to the pressure of the rollers, and by 
passing tube and mandrel through the machine 
the desired design is imparted to the tube. 

Lead Pipe. Lead pif)e, or pipe made of an 
alloy of which lead is the principal constituent, 
and termed cowpo pipe, is used largely in domestic 
plumbing work. The former practice of making 
load pipes was to bend strips of lead round a 
mandrel and to solder the edges together. Such 



a praotiee haa long been discarded, except 
where the small plumber makfe his own traps, 
and pipes of lead are now forced by prosHure 
through a hole or die the size of the external diameter 
of the pipe being made, and having in its centre 
a mandiel the size of the internal diameter of the 
pipe required. The power used is usually hydraulic^ 
and the machine is a hydraulic pre.ss. The usual 
charge of lead is between 2 cwt. and 4 cwt., and 
this is poured in a molten smte into the chamber. 
Pressure is applied before the lead has quite cooled, so 
t ha t it is to some extent plastic. Sometimes a furnace 
surrounds the chamber, so as to kce]i the lead at 
its proper temperature as the pipe is being made. 
The smallest size of lead pipe — ^ in. — is usually 
made in f om 30 to 40 ya d leng hs, and large sizes 
— fiom 2J to 6 in. — in 12-ft. lengths. 

Extruded Tubes* An aciunmi of tulie 
manufacture would l>o incomplete without notice of 
tubes produced by Dick’s extrusion process, wdiich 
is worked by the Delta Metal Company. It is really 
the process used in manufacturing lead pipe, by 
pressing it through a die applied to working alloys in 
a molten state. The machine which is called into 
use consists essentially of a cylinder and a hydraulic 
ram. The heated metal, usually an alloy of copper, 
is poured into the cylinder, at one end of which is 
the die. Upon the application of pressure from the 
opposite end, the plastic metal issues through the 
die as a rod or tube, conforming in section to the 
shape of the die. The chief use of this process is in 
making bars or rods of odd se(;tioiis, which could 
not be rolled ; but many articles of tubular forma- 
tion are also made. In their case, a mandrel is 
placed v/ithin the die, and this gives the form to the 
internal diameter of the article to bo extruded. 
Successful operation of this |U‘Ocess is due to the 
fact that the alloys that are treated may iu? separated 
into more th in one stream when in a plastic con- 
dition, and will reunite readily and perfectly under 
simple pressures if no air has b(^cn admitted to oxidise 
the fresh surfaces created. This sepiration takes 
place in the cylinder, because the metal is broken 
into two or more streams as it passes the arch that 
holds the mandrel in position ; but a reunion takes 
X>lace before the metal comes to the die. Alloys of 
copi>er are usually extruded at the tem])erature of 
fdasticity, which is about 1,000*’ F. For small work, 
the cylinders are fitted with several dies — up to 
four in number — and four tubes or rods are pro- 
duced simultaneously. 

Flexible Metallic Tubing. The desir- 
ability of having flexible tubing much stronger and 
more durable than is possible; witli indiarubber 
admitted flexible metallic tubing into immediate 
favour, and new spheres of usefulness are con- 
tinually being found for it. 1 1 is made by the United 
Flexible Metallic Tubing Company, LimiU*d. It 
is largely used in railway work for water-fed {mmps 
from the engine to the tender and for heating 
carriages. In countries of extreme temjxratures, 
that cause rubber to ]')erish within a short time, 
flexible metallic tubing is extremely valuable. Rock 
drills actuated by compressed air often have the air 
supplied to them thrciugh this variety of tubing 
with excellent results. It has also been used to pump 
liquid fuel in the form of |)etroleum from one vessel 
at sea to another while both were going ahead at 
almost full speed, thereby saving a good deal of 
time in ocean voyages. These are merely a few of 
the many uses to which flexible metallic tubing is 
•ow put. 

The i|)roees8 of manufacturing flexible mctullio 
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tubing demands great eare. and the resulting tubing 
must fulfil two conditions — it must be flexible and! 
it must ^ water and air tight, even, in some cases, 
under high steam pressure. It would be easy to 
make it flexible at the expense of the latter quality, 
and it would be easy to make it airtight at the 
expense of flexibility. To serve its purfmaes, how- 
ever, it must have as much flexibility as is consistent 
with absolute airtight qualities. 

MaKing Flexible Metallic Tubing. 
The first thing necesaary in manufacturing the tub- 
ing .shown in 13 is an extremely tough, and, at the 
the same time, highly ductile metal atrip or ribbon 
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of absolutely uniform width and of very great length. 
This ribbon — of steel, brass, copper, zinc, or, indeed, 
any metal sufiiciently ductile — i.s drawn tlirougli 
successive formers, which gradually sha|)e it from 
the flat strip into a sort of double tube having llic 
section of the figure 8, only the ends turned over do 
not butt close up to the central web. The final 
proce>8s is that of coiling this strip in a spiral form 
round a core. Causing the lower part of each spiral 
to engage the upi>er part of the spiral to which it is 
united, thus forming the tube. In this operation 
the tension of the strip, the accurate adjustment of 
the metal surfaces, and the mode of release from 
the <*ore or mandrel u]Km which the tubing is made, 
are the matters of ehief moment. AH these opera- 
tions are aceomplislicd in a single macdiine, which 
receives the plain metal strip and delivers the 
tubing complete and ready for use. Very long tubes 
can be made by the process described, the lengih 
being limib'sd only by the limitations of the strip 
that can be supplied to the machine. Thus, to make 
a tube J in. in diameter requires strip V’fffb milH- 
meti-e thick and 14 millimetres in width, and the 
limits of length for metal strips of this section is from 
6,000 ft. to 7,000 ft. It requires 10 ft. of strip to 
produce 1 ft. of tul)e, and this gives 600 ft. to 700 ft. 
lengths of tubing of the size mentioned. When 
tubing is required in greaU)r length than this, these 
long strips are united by electric welding, so that 
there is no ])ractical limit to the length that may 
be supplied in one pie<!e. 

For steam purposes, flexible mutnllic tubing i.s 
made of copper, pure or alloyed ; for use in pumping 
oil, and other x»ur])o.Mes, steel is used ; brass tubing 
is provided for locomotive work, and for use as gas 
tubing in making flexible connections, both steel 
and zinc are employed. For suction as well as for use 
under compression, this tubing is excellent. 

Gas Fittings* An imi>ortunt use to which 
tubing is p\it is the manufacture of gas fittings. 
Into the many forms of gas littinga space will not 
permit us to enter. We can record only the 
present tendency of the trade. Undoubtedly the 
invention of Auer von Wolsbaeh -the incaridesecnl 
gas mantle fsee C?As)~g{ive to gas lighting a hold 
which it was gradually relaxing, and postponed 
the general adoption of elcotrieity as a domestic 
illuminant. The tendency of taste in modern gas 
fittings is away from the sliding water-scjiled 
chain and weight gaselier towards fixed pendants 
and brackets, and to pendants that can be raised 
and lowered without ar water-sealed tube. The 
popularity of the inverted gas mantle is creating 
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a demand for now styles and new designs in gas 
fittings, and at present there is no evidence that 
fixity of design has been attained or that the 
problems of construction have been properly solved. 

In gas fittings, soft or tinman's solder 'S avoided, 
and hard soldering or bra/.ing is adopted. Orna- 
mental tubing such as we have already noted is 
used extensively for gas fittings, but even hero 
there is a distinct tendency towards ydain, round 
tubing, and to lightness and grace contrasted with 
ornament and elaboration. Mountings of gas 
fittings are to a great extent stamped brass work. 
Tups, swivels, and couplings are, of course, cast 
brass, and are made chiefly by semi-automatic 
macKin'»fc-. Ingenuity is being exercised in the 
finishing of gas fittings, and toshion, to some extent, 
holds sway here. 

Tube Bending. Cast-iron pipes, of course, 
cannot be bent at all. Wrought iron and steel tubes 
are often filled with sand, heated to redness, and 
bent round a shape, the welded side being kc»j)t 
at the inside of the bond. Brass tubes for curtain- 
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poles and other purposes arc liUed with pitch, and, 
when cold, bent round something of a suitablo 
shapo. Then the tube is heated, and the pitch re- 
meltcd and poured out. This dein»nds that the 
tul»e must bo repolishcd. A coil-spring iirinarel 
is also used for bending lubes for cycle and other 
work. The mundrel is screwed u}) to its minimum 
diameter and inserted into the tube. Then, by 
turning a key at its extremity, it is distended 
inside the tube ns far as the internal diameter of 
the latter will permit, and th(* bend is made, the 


mandrel resisting the flattenii^ at the bend which 
would otherwise t^e place. The mandrel is again 
screwed up tightly and withdrawn. This method 
cannot give very sharp bends, and the spring 
mandrels are expensive and somewhat brittle. 

Some machines have recently been invented 
for the purpose of bending tubes, and perhaps 
the best is Kennedy’s patent [14], which is now 
used by several Government departments. It 
consists essentially ol a oi-cular plate grooved on 
its periphery to suit the tube to be bent. A plate 
of the proper size is placed on a vortical centre, 
and a hard steel grooved block, mounted upon a 
lever and made to describe an arc parallel to the 
periphery of the xdate, is pressed against the outer 
side of the tube, thus making the bends. By a 
hutficient number of grooved discs, and a machine 
of the proper capacity, this machine gives a very 
wide range of bends that may be made and sizes 
of tul)es that may be handled. The weld— if the 
tube be t>f the welded variety — should be on the 
inside of the bend. In the largest size, the power 
is applied manually by a worm and wheel arrange- 
menr. 

Measurement of Tubes. The measure- 
ment of brass and copper tubes is calculated upon 
the outside diameter, and tubes of iron, st el, lead, 
and oom]>osition, or compo lubes or pipes, by the 
inside diameter. The reason for the apparent 
anomaly is that brass and co}>pcr tubes are used 
la gely for purposes whe^-e the external she is the 
important consideration, and that the chief x)urx) 08 e 
of the tubes of other motal is to ^mss water, gas, or 
efiuim where the quantity that the x^ipe or tube 
will take is the important point. The result of 
this method of calculating size is that tubes— say, 
I in. diameter — for gas, water, an A steam re.spec* 
tively — look very different from each oilier in 
external diameter. 

It is the x>ractice of most tube-makers to manu- 
facture welded tubes for water one gauge thicker 
than gas tubes, and steam tubes again are one 
gauge thicker than water tubes. The usjial gauges, 
tliiekne,sses, and weights of the three varieties of 
tubes and the number of threads jier inch in the 
screws used for them are given in the table that 
follows : 
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HOW TO LINE HAT BRIMS 

Preparation of Hat Brims for Fancy Linings. Velvet Binds and Crosswav 
Folds. Preparing^ and Joining* the Material. Making and Sewing in Bandeaux 


By ANTOINETTE MEELBOOM 


r^IFFERENT kinds of binds may bo uned to 
^ make brims more becoming to tbo fact* of 
the wearer, and also to form part of the trim- 
ming of the hat. Before a rouleau. \'(‘lvct bind, 
or French fold can be sown to the hat, tlic brim 
must be prepared. 

Remove the wire already on the hat, as it is 
generally too thick and will cause the rouleau to 
stand out from the brim too much ; and, secondly, 
it is very often of inferior quality, and is Ke^\'n on 
with stitches so far apart that it does not 
answer the purpose for which it is rc^quired — 

[ that is, to keep the brim in shajK*. A strong fine 
silk support wire to match the straw or felt is 
'substituted, and, in the case of a straw hat, is 
sewn on the width of one straw in from the edge. 

With open fancy straw it must bo scvati on the 
part sufficiently strong to hold the stitiohes. Use 
wire stitch, and allow 2 in. on the wire to cross 
at the back [106], The stitches must exactly fit 
the wire, and not bo too far apart, or the wire 
will not set well round the curves. Contract the 
wire slightly for a tumed-up brim. 

Pin on the rouleau with lillikins, or steel pins, 

over the wire 

[106], stretch it 
slightly, cut away 
what is not 
wanted, allowing 
i !n. for turnings 
for the join. Undo 
the fold for a few 
inches on cither 
side, and join on 
the cross [114i]. 

If there is al- 
ready a join in 
the rouleau, see 
that the joins 
slant in the same 
direction, and her- 
ringbone the edges 
together again. Pin 
in place and slip- 
stitch it to the hat 
just above the 
wire all round. 

The rouleau should 
lie quite flat, and 
no stitches must 
show on the right 
side. Felt hats are 
prepared in the 
same way, except 
that , in smooth 
felts the stitches 
must not be taken 


and cotton. Felt hats are ofUm uirt'd at the 
edge, mulled, and trimmed vith a velvt‘t. si 11;. 
or braid bind. 

Velvet Binds. For a velvet bind [97], 
measure round the edge of the brim. Most brims 
require one and a half to nearly two cross way 
lengths of velv^ot about 3 in. wide. Shadi' and 
join the velvet. Pin it on the hat and join in 
a round. Press the seams. I’ho joins are 
very difficult to manipulate and show' tli(‘ 
difference between amateur and professional 
w'orkmansbip. 

Stitch it in on the outside of the liat with long 
backstitch, the right side of velvet to upper side 
of brim. Turn over carefully and turn in the raw 
edge with the needle — on no account use the 
fingers, whicli w^ould stretch the edge of the 
velvet. In boat-shape, French sailor, or similar 
tumed-up brims, the bind, if carefully put on, 
will keep in place on the outside without any 
other stitching. For curved or fluted brims, the 
hind must l>o slipstitched on the underside, in 
order to set it in tlu^ curves. A corded or plain 
ribbon bind to a felt hat is evenly stitched with 
twist, the same 
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through the brim, but only through half the 
thickness of the felt. Uso a revy fine needle 


size stitch show'ing 
on both sides of 
the brim. 

Another effeciivt' 
way of trimming 
the edge of the 
upper and under 
brims is by narrow' 
CTossway folds in 
velvet or silk [100], 
the fold of each 
row overlapping 
the raw^ edges of 
the previous one, 
the last being 
finished with a 
rouleau or French 
fold. 

For a wide vel- 
vet or silk bind of 
1 in. or more w ide, 
on either side* of 
the brim, measure 
round the edge, 
join the material 
in a circle, and 
press the scams. 

Fold the velvet 
in the centre, 

stretch the contrct 

of the fold with 
the blunt end of 
the scissors ; be very careful only to stretch 
the cerUre — not the cut edges. Place this on the 
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edge of hat, turn in the raw edges, and slipstitch 
top and bottom, being careful not to draw the 
velvet. 

Full gathered or rucked edges on hat brims in 
either velvet or silk are made of crossway pic*cos, 
in length twice and a half times the circumference 
of hat, and about 3 in. wide. Join them in a 
circle, mark the half and rpiarters also on the hat 
brim. Regulate th(* fulness evenly, and sc(uire 
the material by the long backstitch to the brim, 
along the gathering thread. Turn over the 
velvet and slipstitch down tc> underside of brim. 

A much softer effect is obtain (‘d 
by not pulling the fulness tightly 
over the edge ; also by regulating the 
fulness diagonnlhj over the edge 1)(‘- 
forc slipstitching it to the under 
brim |951. 

A cord run in a velvet tuck at 
the edge of velvet, drawn up to si/.(' 
of edge of hat, sewn on, the under- 
side turned in and slipstitched as 
explained before, is another pn^tty 
finish [104]. 

Satin wir(*s used on felt, velvet, or 
straw hats are slipstitched to hat 
brim, ilie stitches taken through the 
underside of silk filament of the wire, 
to prevent them showing when the 
hat is worn, and through half tlu* 
thickness of brim in felt. 

For joining at the back, side, or 
wherever the trimming is likely to 
come, carefully undo the silk filament at each 
end ; cut away some of the cotton covering 
which is underneath, overlap the two wires 
for 2 in., twist the cotton covering round them, 
and wind round the silk filament again very 
gently. If carefully done, the join will be 
invisible. Tf two wires are to be placed very 
close to one another, there is no need to finish 
each round ; the firet one may be taken on to 
the next. 

Crossway folds of silk or ohifTon [102] for hat 
brims are cut 2 in. wide and joined in one length. 
Tack the edges together. Straw', felt-, and velvel 
brims must first have a facing of mull, leno, or 
silk. Start from the outside edge, avoiding any 
joins showing in front of brim. Arrange each 
fold separately, slightly stretching the outside 
edge. Stitch each row in position, hiding the 
stitches of the previous ones. 

Chiffon Linings. Gauged chiffon linings 
[98] take from three to four and a half times the 
circumference of brim ; of fine tulle even six times, 
and the depth, plus as many tucks as required, 
is not too much to obtain a good effect. 

Mark the half and quarter of the length, run 
throe or more tucks at the edge ; pin, and sew 
on hat just above the wire. Make more tucks, 
regulating the distance according to the shape 
of hat brim. Pleat evenly in the headlines. 

Plain tucked chiffon linings are made with the 
tucks about J in. to J in. wide, each just over- 
lapping the other. The tucks are usually run 
selvedge way, but they may be made on the cross. 
Slipstitch round the edge of brim and gather the 
fulness in the headline. Chiffon or silk may be 
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gauged diagonally [101]. Draw up the gathering 
threads. Ease on round edge of brim. Cut the 
silk on the cross one and three-quarters the depth 
of brim, and one and a half times the circumfer- 
ence. 

Pleated lace linings [96] have a tiny stitch 
taken on each pleat. 

Fluted lace linings [99] have a tiny stitch 
betw’eon each pk^at, and the lace is pleated 
evenly in the headline. 

Beads arc somcl inn*s used «as trimmings. They 
arc threaded on fine wire and soAvn on Avith a 
stilch taken through the bead into 
the shape. The wire should be hold 
firmly w ith the left hand. 

Soft felt, straw flop, or capeline 
hats [108] ar(‘ Avii'ed round the edge. 
These shapes also need four extra 
Avircs to give support, to the brim and 
crown. The A\ire is nin for about 
IJ in. to 2 in. in crown. These are 
also AA'ired round headline, or a band 
of n(‘t or buckram wired top and 
b(»ft()m may be used. For deep 
croAAns, a separate wire foundation 
must be made. 

The Aviring of brim is done either 
underneath or on the top, ac( wording 
to AA'hother the brim is to be turned 
up from the face or not. Tf wired 
on the* outside, the trimming W'ill in 
most cases cover it. 

Bonnet Shapes. 'N'early all 
bonnets haA’‘e full or rucked edges which make 
a becoming front trimming for tln^ fa(H\ There 
are two kinds, cither for the open front or the 
close-fitting bonnet. 

For the open front [109] a full velvet lining is 
often necessaiy to fill up the space between the 
bonnet front and the head. 

For the close shape [103] a rucked edge is used 
to take aw'ay the liardness of the shape. 

For the open front, measure the depth of the 
centre- brim and allow half as much again for 
fulness. Measure the* outside edge of brim and 
allow' half to three-quarters as much again for 
fulness. 

If one length of vel\'‘ct is insufficient, add on 
narroAV' pieces each side, as a bonnet brim is 
always much narrower near ihe.^ ears. If a longer 
piece is necessary, join the piece on either side 
find cut afterAvards in the middle of the narrow 
part [107]. Mark centre-front and gather each 
edge. Prepare the bonnet edge in the same way 
as the hat brim is prepared for a fold. 

Place centre of velvet lining to centre of brim. 
Arrange most of the fulness in centre-front, 
lessening it gradually towwds the ears. Back- 
stitch the vch^ct on closely, just above the edge 
w ire on the line of running stitches. The lower 
edge is stitched round the head and the velvet 
arranged in light puffs w^ith the point of the 
needle. 

For a “ rucked edge,” the measuring, cutting 
off, and preparation of velvet are the same as 
just explained, the only difference being that the 
velvet is not usually stitched on the e^e of the 
bonnet, but about 1 in. to 2 in. above it. 
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The* needle should never bo put through the 
double plcftt of the velvet ; it should be brought 
back close to where it went in and the cotton 
tied. Lightness of touch, to use no more stitches 
than necessary, and never to draw the fulness 
tightly over the edge, are points to ho remem- 
bered. The bonnet should next be headlined. 

Preparing the Velvet. Velvet is a rich- 
looking fabric whose chief characteristic is it« 
'pilfn or raised surface. It has a short 
surface which, in coming from the loom, 
is pressed slightly in one direction, thus 
casting a shade, and giving it a darker tone 
against the pile than with it. Ex|)erienced 
fingers can feel the way the pile lies, it l)eing 
smoother in one direction than the other. The 
betfrer the quality of the velvet, the more dis- 
tinct is the slip^de. In correct shading lies much 
of the dilTerencc Iwtween amateur and pro- 
fessional \^'ork. Hold the velvet to the light, and, 
before joining or cutting out, see that the pieces 
shade the same way. 

Three kinds of velvet are in general use — the 
silk, the patent, and the cotton back. Velveteen 
is too heavy, and is used only occasionally to 
match children's Liberty coats and pc'lisses. 
The silk-back velvet is manufactured entirely 
of silk filaments ; it is very light, hp.s a close pile, 
keeps its colour to the last, renovates well, and 
is always used f(»r the best class of work. Its 
price is from 7s. lid. a yard. It wants careful 
manipulation, as the lightness of its pile eaua(‘8 
it to be oiwily plushed or flattened. 

The “ patent-back ” velvet is a mixture of 
cotton and silk, but it is easily distinguished by 
its highly-glazed back. In the l>e8t qualities it 
can be mistaken for silk velvet. Its price is from 
3s. lid. upwards. It is much in use and can be 
obtained in a wide range of colours. 

In cotton-back velvet, as its name implies, 
the pile alone is of silk. It is of much more open 

texture, soon fades, and , is 

heavier to wear. It. is only 
used for very cheap millinery, 
and costs from Is. lid. Miroir 
velvet, of the same quality, 
has a much betto appearance 
because th(^ pile is flattened 
down uniformly and prevents 
the foundation showing 
through the pile. 

Several other kinds of vel- 
vets are used, such as panne, 
chiffon velours, terry, caracul, 
shot, plisse, corduroy ; but 
these are only passing fashions, 
and their use for trimmings or 
coverings at once dates a liat 
or bonnet. 

If rt'quired for trimmings 
only, buy the velvet on the 
cross. For covering hats it 
should l>e bought on the 
straight. A corner of velvet 
is extremely useful for toques 
or bonnets. 

If we have a length of 
velvet on the straight, before 
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we can cut cross way widths for trimmings, 
a comer must bc' cut off. Plac’e the velvet 
on the table with its pile uppt»rmost, and 
the fold from yon — this is imporUmt. Fold 
the two faces of the pile together when 
they will not want piiming. Take the right- 
hand lower comer, • A, of the cut edgtMi 
to the selvedge of the opposite sid(\ B. The 
two selvedges must be exactly at right angles. 
Then cut through this fold. Any length comer 
can l)e obtained by folding the velvet as from 
C to D inst^i'ad of from A to B [110]. The 
extra length obtained along the top is short 
at lower edge [111]. 

A comer of velvt^t, it will Ik:* seen, is a shaped 
piece with one side on the straight, and one on 
the cross. In covering and trimming bonnets 
and toques pieces can Ik* cut from the cross way 
side for the trimmings, while the comer and 
straight part aiv used for covering or draping 
the bonnet or crown. 

To cut a cross way width [112], measure the 
length required first along one selvedge and 
then along the other ; snip the velvet at those 
points ; fold it over — from you — and <uit off. Be 
very careful that the velvet is really cut on a 
true cross ; if there is the least inaccuracy the 
folds, rouleau, or trimming will not lie well and 
the material will be wasted. 

A erossway length will measure one-third 
less through the centre than along the selvedge, 
and allowance must be made for this when 
estim/iting quantity required. By “through 
is meant through the cross — as op]>osed to along 
the selvedge. This should he noted as the word 
will Ije so employed throughout this course. 

Joining Velvet. To join velvet [113] 
shade the velvet correctly, place tin* two piles 
together, leaving a little triangle at etvc?h I'dge* 
[114]. Backstitch them with fine cotton and 
needle — the stitches must bo quite close and 
tight so that there may be no 
gaping when stretched. 

1\> straighten two eross- 
way lengths for trimming, 
shade the pieces and join. 
Vnt off a comer [116] and 
join it to A B. 

To straighten one erossway 
end, fold A to B, stitch it 
and cut [116]. 

Trimmings and hows are 
frequently made of erossway 
widths of piece velvet. After 
joining the length, the raw 
edges must be hemmed, 
which can be done eitlier by 
turning in the edge once, as 
for twists, knots, etc., or 
turning in the edges twioo for 
the loops and lx)W8, and 
making a narrow roll hem. In 
the latter case a fine wire may 
be inserted in the hem. 

Ends of crossway pieces can 
be used up in making ends 
and ears. Ends, if faced with 
velvet, must be stitched along 
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the straiglii r.ide and shpfltitched along the 
cross way side. They do not set well if not treated 
in this way. Pull out the point from the outside 
with a fine needle. In stitching do not pull the 
cotton tightly. Stitch as from A to B [1171; 
slipstitch from B to C. Always stitch for I in. 
round tlie point at B. 

An ear is made by the long point being 
turned back pile to pile and stitched [118]. Turn 
out and hern along bottom edge. For unlined 
ends and ears the (‘dges must first be roll hemmed 
[119]. End^ and ears may be lined with a 
contrasting colour of velvet or silk, joined in 
the same manner as described above. How to 
wire ends and ears is dealt with later. 

For a velvet fold or rouleau, cut crossways a 
piece twice as wide as required, turn down each 
side, so that the cut edges just meet in the 
centre, and lace-8t.itch the two edges together. 
Another method is to slightly overlap the edgi‘s 
and hem as for velvet. Do not cut the rouleau 
too wide or it will not set well. 

For a French fold [120], cut material three 
times the width of the required fold. Fold it 
in three, one cut edge inside and one outside. 
Turn down the outsid ' edge and slipstitch it, 
begin careful the fold docs not become twisted. 

Velvet Bonnet Strings. Ladies some- 
times prefer piece velvet bonnet strings to ribbon, 
because it may be imix)ssible to obtain ribbon 
velvet to match, and they are warmer to wear, 
and more becoming, 

C!ut three times the width required when 
linish(‘d. Usually two widths 2 in. “through” 
are needed. Shade the pieces and join. Make 
a cravat end [121], and slipstiteh os for French 
fold. Place the fold exactly opposite 
to the point of the cravat end. 

The strings should be about j in. 
wide when finished. 

Another way is to hem a long 
piece of eross-out velvet, make the 
ends up in bows, and tie under the 
chin. Tlie width is a little narrower 
than the J in. ribbon velvet usually 
sold for bonnet strings because it is 
tliiek(‘r. Piece velvet bows are mjuh? 
of velvet cut on the cross. The 
widths should be joined in one long 
length, and the edges roll hemmed. 

Bandeaux. The style and fit 
of a hat depend frequently on the 
right shape of the bandeau, which 
gives it the proper tilt on the head. 

When it is made, pin it in, trying 
different positions till the right 
one is obtained. Often a hat doi^s 
not suit because it need-s a bandeau, 
or because the bandeau is in the 
wrong place. 

Bandeaux vary in size and shape, 
and are usually covered with velvet, 
which clings to the hair and helps 
to fit tlie hat. Tliey are used for these 
purposes : To tilt a hat at front, side or back ; 
for sewing trimmings underneath ; or to make a 
faulty headline either larger or smaller. 
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In form they arc either sltaped, rouruJ, or 
straight. Shaped bandeaux for front, side, or 
back, are m^e of spatrie or buckram ; for 
light hats, such as chiffon, lace, tulle, of double 
stiff net. Round and straight bandeaux are 
made of stiff net. and ribbon wire. 

First cut out the shape in buckram and wire 
it whth firm support wire [124]. Start wiring in 
the centre of the straight side of the bandeau 
and allow' 2 in. for overlapping. 

Mull the edge. Cover it with a cross way 
piece of velvet, placing the straight, side of 
i)andeau to cro.ssw'ay part of velvet [128]. 
Pill it in pliice. Cut to shape, leaving J in. 
turnings round curved part-. Turn in and slip- 
stitch, cutting the bandeau in shape as it is 
Avorked. 

Bind'^aiix for back of hat [125] must be 
covered in two parts. Cut. the velvet to shape, 
leaving .J-in. turning.9. Tack one piece, turning 
the edge over all round, and catch-stitch it to the 
spatrie. Pin on the other piece of velvet, turn 
in the edge, and sUp-stitch all round. 

Net bandeaux for light lacc, net, chiffon, etc., 
hats are made of double st iff net, wired all round, 
with support w'ires inserted betw'ecn the two 
thicknesses of net, and nipped securely o\ ''.r 
the c<lge. These are covered with one or two 
thicknesses of tulle or chiffon, and bound with 
sarcenet or narrow velvet ribbon [127], 

Shaped, all-round bandeaux are made of 
support wire to given measurements in the same 
Avay as w'ire shapes are made. These may bo 
covered with straw or velvc^t., and, for a very 
deep shape, only the outer side need be covered. 

Round bandeaux [126], used for reducing 
. - size of headline, should bo made 
in this Avay : cut four thicknesses of 
stiff net, about 1 in. wide, and in 
length J in. smaller than headline ; 
allow 1 in. extra for overlapping. 
Stitch two rows of ribbon wire to 
the net, wTapping over the ends of 
wires 1 in. where they join. Cut a 
crossAvay piece of velvt^t three times 
the width of the net bandi^au. Turn 
in upper edge of velvet, bring up 
the bottom side with the raw edge 
turned in, and slip stitch. 

A straight bandeau is made in the 
same way, except that the ends are 
not joined. Tuni over ribbon wire 
for J in. each end. Cover with 
velvet, oversewing the raw edges 
closely, without turning them in. 

“Chip” bfi.ndeaux are mostly 
used for fronts of open-fronted 
bonnets, and are made about 1 1 in. 
long, wired all round. Stretch the 
chip along the outer edge and 
contract along the bottom edge. At 
ea"h end, turn it into half its width. 
To sew the bandeau to hat, pin 
it in the right position. Use strong cotton and 
'the long backstitch, keeping the long stitches on 
the outside of the bandeau. Catch the bottom 
wire of bandeau to the headline or brim of hat. 



Continued 
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to extend further up tlio river. If the non -tidal 
section be made sufficiently lar^e to carry off the 
occasional floods, the velocity in ordinary times 
will not be sufficient to prevent detritus deposit- 
ing, and the bed filling up again, unless the 
section thus obtained is affected by tidal action. 
In flood times, the upland -water w’ill displace 


3. The duration of the tide — that is, from 
first flood to high-water — should not be less than 
from four to five hours. 

4. The velocity of the tidal current should not 
exceed miles an hour. 

5. The depth at low -water should be suf- 
ficient for the navigation of the ordinary craft 
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frequenting the port, and 
at mean high - water should 
allow 2 ft. under the keel 
of the largest vessels. 

6. The width should 
diminish from the moutVi. 

I upwards, the progressive 
widths being greater in 
proportion at the lower 
i*nd than the upper. 

7. The channel should 
not have in it curves of a 
radius less than 2,500 ft. 

8. The section of th(' 
channel should be largt^ 
enough to allow the upland 
waters in floods to flow 
down at a velocity that 
will not materially inter- 


a certain amount of the tidal wat-(‘r for the time 
being, thus remaining in the river bed instead of 
flooding the surrounding country. 

The removal of all obstacles to the flow' of the 
tide is the object to which attention has chiefly 
to 1)6 directed in designing improvements in the 
department of navigation. In order to form a 
satisfactory opinion it is necessary to have an 
accurate survey, showing the depths of the 
%v'at/(^r and the bread th.s of channel throughout the 
whole extent of the river, os well as the amount of 
tidal range, the velocity of the currente, the rise 
on the bed, and the nature of the materials of 
which the bottom and banks are composed. 

It may lx; laid down as a general ])rinciple in 
designing works for river improvement, on the 
one hand, not to adopt a waterway so great as 
tx> reduce the scouring power and produce shoal- 
ing, or, on the other hand, so small as to increase 
the current beyond that convenient for the 


fere with the navigation. 

Non«tidal Rivers. In non -tidal rivers, 
training works hav(^ for their object the 
regulation of tlu^ channel, in which the 
volume of water flowing downwards to the 
sea varies at different times. In rivei’s alwve 
the rang(‘, of the tide, or where they flow 
into tidelcss seas, training works preserve the 
channel from the. tendency of the suspended 
matteu* in the water to deposit, duo to the 
reduced velocity, as is the ease where rivers 
widen out or where they meet the tideless sea. 
In tidal rivers the conditions differ from the 
foregoing, inasmuch as the fresh water volume 
or flow is affected by the tidal flow both in ebb 
tide and flood tide. Where a river flows through 
a tidal estuary, the problem to be dealt with is 
to preserve a navigable channel where there is a 



projjcr management of vessels. 

Effect of Improving r 

Tidal Rivera. The tide, \ 

in improved rivers, begins 
to flow earlier than it did ' 
before, and a larger body of 
water is carried up the navig- 
able channel, where its (*ffect 
is most useful, but the same 
works which increased the 
propagation have, by removing 
obstructions, dc^creased the 
heaping up of the tide, and. 


' 
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consequently, the velocity of the tide current. 
Wheeler gives the following conditions as being 
essential for a tidal river in good order : 

1. The tidal wave at the foot of the tide should 
be propagated at a rate of not less than 10 
miles an hour. 

2. The level of high-water should not be lower 
at the port up the river than at the mouth. 
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tendency to form banks, frequently shifting and 
varying in their positions, and theroforo proving 
a source of difficulty if not of danger to naviga- 
tion. Rivers in their natural state usually vary 
in width, depth, arid in direction. The object of 
training works is to maintain uniformity in the 
width and depth of the navigable channel. 
Much consideration is requir^ in settling 
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the nature of the works to oflect 
the contemplated improvement 
of a river channel. For inBtance, 
it is possible to improve one 
part of a river by removing 
shoals, but at the same time 
deposits may be occasioned 
elsewhere. This is often caused 
by the erosive action of an 
increased velocity of current 
(duo to the training works) 
removing material from the Ix'd 
or sides of a river, and thes(‘ 
may deposit beyond the range 
of the training works. 

Kstuaries. The entrances 
to tidal rivers are liable to 
have bars formed across them 
owing to the drifting of detritus along the being to direct the low-water current, it is found 
coast, and its deposition, unless the com- that they are generally most elTeetivo when 

bined land and tidal water at the ebb is able carried up to a height equal to half -tide level, 

to carry it away seaward. Where this is The greatest velocity of tidal water is at half- 

unable to ho done, training walls can be con- flood and half ebb. The flood tide has a greater 

structed which confine the river in a defined erosive action than the ebb. The reason is that, 

cdiannel, and preserve a velocity and volume salt water being heavier than fresh, at the 

sufficient to scour the material seaward into beginning of the flood tide the salt water forces 

deep water and into currents passing to the sea. its way under the fresh, thus setting np an erosive 

In some cases the material forming shoals action disturbing the particles in the river bed, 

and bars, being in a condition too hard for the which are removed by the ebb tide. Wliere the 

scour of water to remove, may have to bo entrance to a tidal river is wide, and has 

dredged away in the first instance, after which shallow bights, or areas covered and uncovered 

the natural flow of the river, confined within the at flood and ebb, training banks, or reclamation 

artificial training works, would suffice to prevent banks, may improve the river by directing the 

deposits. The height to which tliese training volume of the flood in a more defined channel, 

walls are carried must depend to some extent whereby the flood water may l>o carried higher 

on local circum8tan(!t»s. Their main object up the river, and the returning ebb water may 

not be dissipated over these bights, 
but may be directed in a better 
eliannel seawards. In some cases the 
existence of natural bights, or indents, 
in the upper parts of a tidal river, 
and within reach of the tidal range, are 
valuable, as the water collected therein 
comes down to the entrance of the river 
towards tlio end of the ebb and helps 
the scour at low ebb. Sometimes arti- 
ficial reservoirs are made \jp-stream to 
eolle(*t ti(hil water at flood tide to 
accomplish this. 

Training a River. An examph* 
of the successful, training of a river 
is that of the Sulina mouth of th(* 
Danube [8]. These training works, 
extending a mile from the shon^ 
line, were carried out beyond the site, 
occupied by the bar, and thus con- 
centrated the scour of the current 
right acrovss the bar. The depth of 
water over the bar was thereby 
increased from 10 ft. in 1857 to 20 ft. 
in 1872, and this depth has since been 
maintained. The walls were of a tem- 
porary nature to start with, formed by 
an outer row of close piling with two 
inner rows of ordinary piling supporting 
a platform of timber 4 ft. a^ve the sea 
level, with stones deposited on each 
side of the close piling. A solid 
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concrete superstructure 10 ft. ^vide ultimately Pump and RocK«breaking Dredgers, 
replaced the timber structure. The concrete The use of pumps for dredging has been 
(formed of one part cement to three parts successfully employed in various localities, 
sand and gravel) was deposited in movable The presence of stones, etc., causes a great- 
wooden frames up to the water level. Above deal of damage to the pumps, consequently 
this the concrete was made of one part cement restricting their use to places where only 
to six parts of sand, gravel and stones. As the mud, or very fine sand, is to l)e found. The 
work progressed seawards, the foundations were ball pump was invented to prevent this damage, 
prepared by divers, and then concrete blocks The material, which is received at tlie centre, 
weighing 18 tons were lowered into position and is brought by a spiral duct into the shell 
their interstices filled with newly- made concrete. of the pump. This duct transforms the motion 
One other illustration will suffice to show how of the material into a rotary one in the same 
the objects of training works are attained. direction as the blades of the inner fan. The 

Figure 9 shows the improvement in the River material on passing through the fan leaves 
Liffey due to training walls. The bar was caused Wades tangentially. This form of pump is 

by littoral drift. The wall for about half of its di.stinct from the ordinary centrifugal pump, 
length is C ft. above high-water level, thenec . When rocks have to be removed, and where 
dropping to high-water level, and then gradually -i’ inadvisable to employ explosives, heavy 
sloping to below low-water level. By the with chisel points, are used. These rams 

ronstructionofthese walls the velocity of the ebb pulverise the rock, which is then removed by 
tide was increased from 1} miles to 3 miles per bucket or grab dredgers. 

hour, and produced an increastKl depth of 7 ft. Excavating Large Canals. In a 
ov'or the bar in the first thirty years. The whole paper on the Panama Canal, r6ad by M. Pliilippi^ 
wall was not built al)ovc high-water level beeause, Biinan-Varilla, bc'fore the London Society of Arts, 
if it had been, there would have been a strong in January, 19(>7, some interesting figures were 
current bearing sand ^ given of the uses to winch dredgers can bo ein- 

during the first lialf . ployed for the excavation of largo quant itiiis 

of the ebb tide, and material. Until quite recently, wlien it 

this, meeting the op- became necessary to excavate vast quantities 

posingcurront from the material foi' canal purposes, the steam navvy 

bay, would deposit the 12. scouring dredger employed for discharging the ex- 

sand and form a shoal. * cavaterl material into trucks running on rails. 

Dredging. If the current, liowever, fails When it becomes necessary, as for the purpose 
to scour away the bar, dredging has to be of a canal like the Panama C^Janal, where the 
resorted to. Should the material be very solid, country is frequently visited with heavy falls 
such 08 rock, blasting is necessary to loosen the of rain and the attendant disorganisation of 
materials, which can then be dredged, the system of road carriage and excavation on 

There are several methods of dredging, which washing away of the lines, 

may be classified as follows : - 't becomes an important problem whether 

(1) Bucket dredgers. fhis cannot be done better by water-borne 

(2) Grab dredgers. dredgeis resulting in a great saving of expense*. 

(3) Eroding and scouring dredgora. I" ‘I'® P“P«'' referred to, part, is devoted 

(4) Piunp and suction dredgers. tri this problem, and it is suggested to carry 

(C) Rock-breaking dredgers. erit the construction of the work on the 

The illustration [lOJ, reproduced from 1'"** indicat^ above. The material, after 

“ Engineering.” shows a bucket dredger. dredged, is emptied into barges and is 

An hydraulic grab dredger is (iliown in 11 . transported by them into deep water, when by 

This tyjie of dredger is very useful for removing opening traps in the bottoms of the barges the 

gravel or similar material. material is got rid of. It was state<l that a 

barge was cajmble of carrying 1,000 cubic yd., 
Eroding Scouring Dredgers. and that the dredgei's were able to excavate 

Harrows of different descriptions, and also 14,000 cubic yd. per day under the most un- 

, specially designed ploughs, have been employed favourable conditions. In the excavation for 

with success They are towed over the bed of the Manchester Ship Canal by the Lobnitz 

the river and break up tlic soft material, ■wliich process of rock drill, the cost, according to 

is then scoured away by the current. Air and Mr. Hunter, w^as 9d. per cubic yd. The excava- 

wa^r, forced into the silt or tine sand, has tion for the Bitter Lakes of the Suez Canal for 

a similar effect. Figure 12 show^s a method of the purpose of deepening the Canal was carried 

scouring produced by compressed air. The out at a cost of Is. per cubic yd., by moans of 

float, F, serves the purpose of preventing the dredgers, without explosives and without in- 
plough from sinking too far into the mud. terrupting the traffic. 

CorUinued 
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Rectang^les in Connection with Circles. Simple Theorems from Four 
Proportionals. Proportional Division of the Sides of a Triangle itoxKTnv 

rontiniie<1 from page -jlfM 


By HERBERT J. ALLPORT, M.A. 


Proposition 50. Theorem 

Th<^ anifJes which anif chord of a circle mules 
icith the famfcihi at ex- 
f remit]/ arc equal to the am/l^s 
in the sei/ments into tvhich the 
chord dicides the circle. 

Let PQ be a of 

the © PAQB, and S1*T 
the tangent at P. 

It is required to ])rove that 

QPT = lVAQ, in the segment PAQ, 
and L Q,PS ~ PHQ, in the segment/ PBQ. 

Proof. Produce PB to C. Then PAQB is a 
quadrilateral in a ©. 

LH PAQ, PBQ are sui>plemeniary {Pnqy. 



41). 

But Z.S PBQ, QBC are snpplcmenbiiy. 
:lQBC- Z.PAQ. 

Now, let the point B move up to P. PC will 
tlien coincide with PT, and the Z-QBO with the 
^QPT. 

i.QPT- :.PAQ. 

Again, QPS, QPT are supidementary, 

and the PAQ, PBQ are supplementary. 

And it has been shown that Z-QPT= .iPAQ. 
lQPS= fPBQ. 

Definition. If a point P is tahen in a 
straight line AB, the point is said to divide AB 
into tw'o segments AP and PB. If the jioint P 
lies between A and B the line is divided inter- 
naUy ; if P lies in AB produced, the line is 
divided eyternalhj. 

Proposition 51. Theorem 

If two straight lines drawn through any ptdnl 
P cut a circle in A, B and 0\ D respect icely, then 
the rectanqte. AP . PB is equal to the rectangle 
OP . PB. 

Let ABD be a 0 whose centre is 0. Through 



the point P draw any two straight lines cutting 
the © at A, B, 0, D. , * 

It is required to prove that rectangle AP . PB 
■= rectangle CP . PI). 

Proof. Draw OM ± to AB. Join OP, OB. 
Tlien OM bisects AB (Prop. 

Now, when P lies within the ©, 

Rectangle AP . PB-fAM-PM) (PM 4- MB) 
=-(BM-PM)(BM + PM) 

= BM^~PM- 

« ( BM^ -f OM) - (PM^ + OM^) 
i=:OB2-OP-' 

••square on radius -OP^. 


In the same way it can he proved that 
Rectangle CP . PI) = square on radius - OP'-\ 
rectangle AP . PB = rectangle CP . PI). 

Similarly, when P is outside tlio ©, we get 
Rectangle AP . PB = OP- - square on radius 
— rectangle CP . PD. 

/ *in'tfUary. In the case when P is outside tlie 
©, su])[) 0 .so CDP revolves about P ; the points 
C, D then approach one anf)ther until they 
coincide, and (T)P becomes a tangent/ to the ©. 
The rectangle CP . PD becomes tlie square on 
the tangent from P. Hence we have : 

Jf the fangmt to a circle at any point T meets 
a chord A li in P, then PT^" PA . PB. 

Notk. By a method similar to that of 
Prop. 42 wo can })rovc the converse, of Prop. 51 — 
rr:.. If when tw<^ straight lines A CY) intersect, 
in P, the rectangle A P . PB - the rectangh* 
f'P . Pl>^ ami the four points A, B and (\ J> 
are tndh tut the same or hoik on oppitsite sides of P, 
then A, P, C, J) are concycHc. 

Again, the converse of t-he above corollary is 
true — r/v., Tf from a point P in the chord A B a 
straight line PT can he draini to the circle si) that 
PT- — PA . PP, then PT touches the © at T 

For, suppose the © cuts the stj*aight line 
PT again at T'. Then PT . PT' - PA . PB 
(Prop. 51)— PT-* (Hyp.). 

• PT — PT', so that T and T' coincide. 

PT is a tangent. 

RATIO AND PROPORTION 

Ratio. Two quantit/ies of the same kind 
can be expressed in terms of a common unit. 
Supiiose the first quantity contains this unit a 
times, and the second contains it b times, then 
the ratiio of the first quantity to the second is 

the fraction 

fi 

The ratio is generally denoted by a I h. 

a is called the antecedent and h the consequent 
<»f the ratio. 

Proportion. Four quantit/ies arc in pro- 
portion when t/lie ratio of tlie first to the second 
is cfpial to the ratio of the third to the fourth. 

Thus, if a is a leniyth of 1 ft. 9 in., 6 is a 
lenyth of 2 ft. 4 in., r is an area of G sq. ft., 
and d is an area, of 8 sq. ft., then the ratio 

I 6 is the fraction or ; the ratio c I d is 

the fraction -*•, or Y . Therefore, since these 
8 4 

ratios are equal, the four quantities a, 5, c, d 
are in proportion. The proportion is denoted 
by « : 6 ; ! c : d. 

a and d arc called the extremes ; h and c are 
called the means. 

d is called a fourth projwrtiomd to the three 
quantities a, 5, c. 
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Thrte quantities are said to be proportionals 
when the ratio of the first to the second is 
equal to the ratio of the second the third. 
Thus, a, bj c are proportionals if a [ b h c. 
c is called a third projy>Hiourd to a and Ik 
h is called a larau 2 >'^' 02 Kn'tioncd between a 
and c. 

Continued Proportion. If any niuuber 
c»f quantities be such that the latio of the iirst 
to the second, the ratio ()f the second to the 
fhird, the ratio of the third to the fourth, and 
so on, arc equal to each other, the quantifies 
arc said to be in continued proportion. 

Thus, quantities in continued proportion an* 
also in (jr.ometric progression. [See page 3914.] 
Four Proportionals. When a, 6, c, d are 
in proportion, we know that ad- he. [Set* 
page 3(595.] 

The following results are also easily obtained : 

( 1 ) h:a d:r. 

(2) a [ r h : d 

(.3) a + h h c-\-d \ d 

(4) a-b:l> r-d:d 

(5) n-\-h \ a - h \ \ c -^d \ c - d. 

For cxanij)le, since a \ h \ \ c \ d^ we have 

r 

'h (f 

Therefore, , 

n r 


t.c., tj ; a 

Again, wc know 


[ft : r. 


+ 1 , 


so that 


a + 1) 


d 
c+ d 
d ' 


which gives us (3). In a similar way we obtain 
(4). By dividing the result (3) by (4) we 
obtain (5). 


Division of a Line in a Given Ratio. 

A straight line AB is said to be divided intermdbj 
at C in the ratio a \ b. 
A c "B when AB can be divided 

into a 4- & equal parts, f»f 
which AC contains a, and CB contains b. 

Again, if a > &, and AB is divided into a-h 
equal j)art8, we can produce AB to 0 so that BC- 

^ , , contains h of these 

^ B C parts. We then have 

AC : BC : : a : 6, and 
AB is said to be divided externally at C in the 
ratio a ; h. Similarly, if <x < 6 and AB is 
divided into b — a equal i>arts, we can produce 
^ BA to C so that 

C A B AC contains a pai*ts. 

We then have 
AC ; BC \ \ a \ hy and BA is divided extorimlly 
at C in the ratio a \ b. 


Proposition 52. Theorem 

If a straight line is draivn parallel to one side 
of a triangle it cuts the other sides proportionally. 

In the A ABC let the straight line P(.^ be 
drawn |i to BC, cutting AB in P and AC in Q. 

It is required to prove that 

AP : PB : : aq : qc. 

Proof, Suppose that AP \ \ a I b. Then, 

If AP is divided into a equal parts, PB can be 


divided into b of such equal parts. Through 
all the points of division draw straight lines 



: QC \ \a\b. 

AP : PB : : aq : qc. 

Proposition 53. Theorem 

If a straight line cuts two .sides of a triaugle 
proportionally, it is parallel to 
C the fhird side. 

Qj/\ Let a straight line cut the 

^ \ sides AB, AC of the A ABC- 
\ in P and Q so that 

X \ \ AP : PB ; : AQ : qc. 

A p 6 \t m required to j)rovo that 

PQ is II to BC. 

Proof. Draw Pit I to BC, cutting AC in It. 
Then ‘ AP PB Alt : ItC {Prop. 52). 
But . AP PB : AQ : QC {Hyp.). 

Alt RC : AQ : qc. 

Alt -r ItC Alt : AQ + QC : AQ ; 

Alt AC : AQ. 

AR =» AQ. 

Q and R coincide, and PQ is I| to BC. 

Corollary. If AB : AP : : AC : AQ, then PQ 
is !1 BC. 

Proposition 54. Theorem 

If an anyle of a triangle is bisected, intenudly 
or externally, hy a straight line which cuts the 
(tptposite side, or that side produced, the ratio of 
the segments of that side is eg ' 
the other sides of the triangle. 


e 



Let the Z-BAC of the A ABC he bisected by 
AD, internally in the first figure, and externally 
ill the second. — i.e., in the second case let AD 
bisect the exterior L FAC. 

It is required to prove that 

BD : DO : : BA : ac. 

Proof. Through C draw CE || to DA, cutting 
B.\ produced, or BA, in E. 

Then, since DA is || to CE, and CA meets 
them, 

'.DAC^ ^ACE; 
and, since AE meets the ||b, 

lDAF= Z.CEA. 

But L DAC = L DAF {Hyp.). 

/. ^ACE= Z-CEA. 

AE==AC. 

Also, since AD is || to one side of the A BCE 

BD : DC : : ba : ae. 

BD: DC:: BA: AC. 


Continued 
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The Sa<ldler*s Masterpiece. The Riding Saddle. Details of the Making of 
Cart and Vail" Saddles. Various Accessories. Application of Machinery 
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By W. S. MURPHY 


have reached the stage whore 1)je 
materials and maiiufacliire of all kmda of 
saddles ma^ bo considered. Figures 14 to 18 
illustrate many of the operations in making 
saddles, the photographs having been taken in 
the works of Messrs. Middlcmon* & T.<c,mplugli, 
Birmingham. The ironmongery retpiirod com* 
piises saddletrees, stirnips, torrets, buckles, 
nails, and other small ware. 

Cutting Out. The sizes and forms of 
saddles vary a good deal, and \v<' out them to 
pattern, grading to size. Tlie main parts of 
1 ‘aeli kind of saddle mv as follow' : 

Riding Saddkfi. Stvil, skirts, tia})s, panels, 
stirnip leathers, gullet piee(\ welts, and 
trimmings. Textile jiarts : Webbing and linings 
of various kinds. 

Cart Saddles. Panels, panel rovers, flaps, 
housings, girths. 

Van Saddles, Flaps, panels, top covers, 
giidhs, straps. 

The Saddler's Masterpiece. Every- 
one knows that the riding saddle is the finest 
product of the craft. 

To make a saddle tliat 
will be comfortable for 
both horse and rider 
and at the same time 
look well and wear well 
is no mean achievement. 

Fashion has a g<jod deal 
to sa/ in regard to the 
shajit' and a}>pearanec of 
saddles, and we there- 
fore liave a number of 
shapes. Some riders like 
a fore pait, or gullet, 
low, and others want it 
iiigh and slanting well 
t ow^ards the seat ; some 
wish the seat broad and fiat, at the iiaciv, and 
others must have the cantle liigh and pointed. 
We have to adopt several styles and classe^s of 
covering, too. , This does not refer to imitation 
instead of real hogskin, and other cheap devices. 
In all those we refer to, the seat is of hogskin ; 
but some may be made with flaps and skirts of 
plain leather, others with skirts of hogskin and 
flaps of plain leather ; kneecaps may be wanted 
or disliked ; and it is seldom now'adays that an 
ordinary saddler is requested to make a saddle 
that is all hogskin from seat to kneecap. Most 
common is the saddle with the hogskin seat, 
plain leather skirts and flaps, without kneecaps, 
and this we shall build up bit by bit 
‘ Saddletree. Consisting of pommel, or 
gullet, cantle, or back, saddle bars, and stump 
bars, the saddletree fonns the frame of the 


saddle. In choosing it, regard must be paid 
to the size and breadth of the horse ; a saddle- 
tree too narrow for the horse will produce 
discomfort and injury, witli consequent trouble 
for the saddler. 

Foundation. Having sIrcliOu'd fhree 
lengths of good w'cbbing, take the first piece 
and nail it m two brngths from saddle^ bar to 
cantle to fonn a triangular bell : stretch th(^ 
sec^ond piece across and nail it down, leaving a 
large pieiie hanging free ; tJie third bit, which 
may be of inferior quality, is nailed close to the 
flrst Avebbing, and joined by sewing. Cover all 
over w'ilh two pieces of linen and tack down 
tightly. Make two pads of basil Icatlier stulfed 
with floi^k, and nail to the edge of the tret‘, from 
the cantle forward. Witli w'hite sergf‘ cov(‘r 
the seat all over, nailing and stiliOiing down 
to the shapt‘ of the seat. Make a liole in the 
serge covering at the centre ; secure it from 
unravelling by waxing the sides of the cut ; 
then stuff with flock, stuffing tlirough the hole 
till all is firm and even ; next close uji the hole. 

Seat and Skirts. 
Damp the fine hit of 
hogskin cut' for the? seat, 
and nail it on the saddle- 
trets in such a way that 
the nail marks will not 
be visible. Shape it, and 
pull back over the cantle, 
reducing the wiinkles to 
two one on eacdi side. 
Leave the scat to dry. 

Trim the skirt leathers. 
St‘w on to the under sides 
pi(*oes of lined leather to 
connect the skirts with 
the saddletree. ('ovtT 
over both skirts with 
hogskin, stitching down with tine yt‘llo\v silk. 
The seat is diy by this time. Shave it all 
round with a slight skive. Put skirts and seat 
togi^ther, and mark for sewing. Stitch a welt 
on each of the skirts; then sow skirts, Avelts, 
and scat togetlier. Preparatory to adjusting 

the seat, the projecting |x>ints of the tree before 
the saddle bars must be covered with thin 

hogskin or basil. Make the seat damp, adjust 
it and the flaps on f he saddletree, and nail down 
at the front ; nail down the side pieces wo 
joined to the skirts, and see that the saddle is 
kcx^t straight. Pull the leather and the web 
straps forming the foundation over together, 
and nail them on to the saddletree. 

Flaps. Line the flaps with serge and 
fonn the pads. Lay the flap on its place under 
the skirt on the saddletree, mark the points to 

5339 




14. RIDING SADDLE MAKING 



LKATHBR 


V>e cut, and make the nicks required. Fasten 
each flap in position, so that the pads may come 
loose under the comers of the skirts. Run a 
few stitches through the web ahd side piece ; 
drive a nail through the fore part into the 
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saddletree, and another in the tree at tlie bock ; 
slant both nails and clincli them. 

Pommel. The gullet, like Mrs. Hiibbard'.s 
cupboard, is bare, and to cover it wo form a 
gullet-piece out of a plain bit of leather the 
length of t)ie pommel and an inch wide, and a 
bit of liog.skin slightly wider. Make these 
into a l>inding by joining them together over 
a cord and fasten the binding over the pommel. 
Join to th(' points of the flaps by driving silver 
staple.s, • one leg through the gullet-piece and 
the other through the flap point, right to the 
neck in the saddletree. Conceal the joint of 
the gullet-piece, or pommel cover, with the 
flaps by past ing lu'atly ov^er (*ac]i join a piece of 
hog.skin, skived away at the sides to make an 
apparently tlat surfa<^o. 

Girth Straps. Cut six straps 13 in. by 
1 in. and crease in (he usual way. Fold back 
the web and leather we left hanging, and sew 
two stra}>s on each side, nailing the other two, 
one on each side, to the saddletree. Make two 
peaked flaps, called underskirts, and nail one 
on each side under the girth straps. 

To flnish off the body of the saddle we must 
put in a little bit of leather here and drive a nail 
through there, in ways which are obvious in 
practice, but rather too minute to describe. 

Panels. Mark carefully the lines of the 
panel on both sides, and trim to size. Paste on 
the top lining, and let dry. Lay on the imder- 
lining of serge, large enough to allow for stuffing, 
and tack it on ; sew right round and stuff. 
Quilt the lining. Mark lines across the panel 
flaps, and quilt over. On the fore ends of the 
panel two pockets are made for the points of the 
tree. WJien setting, push the points well into 
the pockets ; tack the panel close aroimd the 
front- of the pommel ; drive two tacks in between 
the point.s of the crupper loop at the end of the 
sadale. In addition, put throe nails through 
on each side ; one about 8 in. from the cantJe 
end, one about the middle and one at the front. 

Stirrup L^eathers. Saddles without 
stirmps are incomplete. No new or special 
meth(^ is involved in the making of these ; 
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they are simply heaw stra|>s designed to hold 
the stirmp irons. Unlike most strain, the stirrup 
leathers are worn flesh side outwards, and this 
has to be rememlwred when creasing and bend- 
ing the buckle chape. The buckle is simply 
sewn into tne thick end of the strap, and the 
holes arc punched. TliKuid (he strap through 
the stirmp iron, and hang on the stirrup bars 
on the saddletree. On the last, inventors liavo 
excrci.sed their ingenuity to find a strong iron 
whieh would allow the stirriips to go when the 
rider hapj^ened to fall off. Many a rider who 
has lost his seat would have eome off scatheless 
but for the drag of the stirrup in whieh his foot 
has become entangled. 

Cart Saddletree. Various forms of cart 
saddletree hove been made, but in main lines 
there is \ery little difference between them. 
You have always the curved double back with 
the two boards fixed flat under if. On this 
skeleton we have (o build our saddle. 

Panel. Out the panel J in. longer than 
(he boards, and 2 in. wider than the central 
wid( h. Make both sidc‘s alike, and whip together, 
cutting an inward slant on the fore part. 
Smooth down the stitches, and lay under the 
saddletree ; mark whei'o tlie centre of each 
board touches the panel ; on the marks sew a 
tag of leather for nailing on to the boards at 
the proper time. 

Lining. Out and shape a lining of strong 
woollen elieck cloth to both undersides of the 
paSel ; stiteh on to the lining the leather basil 
facing for tlie panel ; sew both on to the panel. 
Slit the lining in the centre of the panel. Draw 
a line on botli sides, Ix^ginning abo\it in. 
from the centre join of the panel and running 
out to 2 in. wide at the front. Tack the lining 
underneath, keeping the slit in the centre. 
Put a bound wisp of straw 0 in. long in the 
centre across the gullet, and after drawing the 
basil facing back on (he marked linos* stitch 
the wisp firmly from above. Stitch tlic lining 
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on to the panel along (he lines marked^' leaving 
an opening in the centre. 

Stuffing. Lay the panel on the bench, 
with the lining uppermost, and nail the comers. 
Now stuff the straw regularly in through tha 
slit on the lining. Wlien fairly tight, level down, 
and make a space evenly between the lining 
and the stuffing. Into this tSfftist a layer of 


flock, and level down the whole pad. J>o the 
same on the other side and so mak(^ the panel 
complete. 

Crupper Dock. To join the eruppei to 
the saddle, wo must have some kind of link. A 
simple, though not very satisfaetoiy, deviei* 
is the nailing of a strong belt on tin* centre of 
the saddletree. This necessitates a bii<*kk‘ on 
the crupper, while the dock needs only 1h(‘ 
crupper put round it. Make the dock four 
plies of leather, sow^u into on<* over two tinned 
rings, two plies, of course, going on each side of 
the rings. Bend the dock so as to pcuut the 
ends on to the saddletree hoards. Into th(‘ 
hoards drive two staples, one on each ring, and 
clink the dock to tlwj saddle. 

Flaps. Cut the flaps 9 in. deei> and 1 in. 
longer than tlie hoards. Minimi re on the 
saddletree for the o]K*nings to let tlirough the 
two girth straps ; cut out the openings : <‘dg(' 
all the sides and edges of the lla}>s, and rac(‘ 
three lines round the sides. ^Makt* the fore 
girth 4 ft. 10 in. long, and the hack girth 5 ft. 
2 in. ; edge, race, crease, black, and polish ; 
turn down the chapes ; stitch in llie buckh‘s. 
and form the loops, adding two running loojis. 
Set the flap now in positioq, and tack eaeli end 
on the hoard ; run the girths mio the t>penings 
left for them ; nail flaps and girths down on to 
th(* boards. 

We are slowly building up our cart sud<ll(‘. 
The flaps, girths, and dock are in position, aiul 
now comes the turn of the panel, with its needful 
pads. Having placed tlie panel, nail tht‘ tab^ 
which were sewn on the panel sid(‘s, fiont and 
back, firmly on to the boards. 

Housings. Simple as the housings apjxuir, 
mere covers for tlu^ top sides of the saddletree, 
th(^ man who is careless with them always comes 
to grief. Cut both to lie the full length over 
across the saddletree, and between 5 in, to 7 in. 
broad. The back housing should 1 k^ bulged 
out to the middle in shape, while the front one 
may be curved inwards on the outer edge and 
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must be straight to lie close to the ridge in the 
middle at the inner side. Nail both down on 
the saddletree in the centre ; then pull out to 
the sides, and tack down so that the sui{ac€»s 
will be smooth and firm. Drive in nails all 
round, about 2 in. apart, keeping the edges 
flush. with the edges of the saddletree. Stitch 
down at the four corners on the flaps ; ornament 
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with either brass beading or fine leather held on 
by fancy nails. 

Van Saddles. Though the saddletree of 
the van saddle is almost a miniature copy of the 
cart saddletree, the making of the saddles must 
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1k‘ learned separately. No man. after having 
been taught to make a cart saddki only, could 
undertakii a van saddle. If he did, ho WNudd 
<dt)ier show^ marvellous cleverness, if successful, 
or eom(‘ to grief. 

Saddletree. As a ruUs Haddlotreea have 
to be trimmed a little ; carefully shave to size. 
Fix the plae<‘s for tlie l>earing>rein, stand hook, 
and terrets, and bring th<‘ soek<*ts down flush 
with the surface of the tree. For a covering of 
th(‘ saddkdrec, cut the pieces of thin leather 
seh'cted for tlie ])urpos(^ when gathering and 
eutting out th(‘ stuff ; shaiK* them to the sides 
of the tree, an inch overlapping all round, 
hay on the saddletree, and into each make cuts 
the depth of the* projecting boards, so that tlu^y 
will fold undtT the centre piece. Damp them; 
lack each (»nd of the side pieces closi' to the 
board, and stretch veiy tightly over the whole 
surface ; fasten with tacks here and then^ ; 
pull the (Centre part well under the triic, and fix 
til inly with nails. 

Flaps. The flaps should be made to lit 
tlie tree a few inches above, the (uid of the 
centre groove, and th(^ length may be about 
IT) in. Shape tlie pieces of pat(*nt or plain 
leather to the patterns, and note tliat they are 
right and left. This is important, for the 
fore side is rounded wider than the back. Race 
the lines for stitching on the lining ; stitch a 
double row' round. Clear the edges with Ihi^ 
edgi' tool, and polish ; then join with a stitch 
at the top. ('over the joint front and back 
with a strip of leather, stitched on both sides 
and at the front. Put the tr(‘e exactly in position 
on the flaps, and mark for furtlier operations. 
Indicate the width of the boards and th<i breadth 
of the saddletrw on both sides. Lift off the 
tree, and slit the leath<T according to the lines. 
Now' w'e are ready to fasten flaps and saddletrctj 
together. Make the centre slit meet the centre 
of the tree ; nail tlie flaps along the sides of the 
tree, as close as possible ; carefully adjust over 
the boards, and nail down. 

Top Coyer. Cut the top cover out of a 
piece of strong leather. Make it the same size 
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as the tree in \ndth, and leave in. from the 
bottom, to allow space for the back band. 
Crease across both ends, and bevel with the 
heated l)cvcl iron. Sew two rows across the 
points. But we must not smother the socket 
of the standhooks and terreta we put in not 
long ago. Place the top (!over in position on the 
trees and lightly tap it down with the mallet, 
thus imprinting the holes on the leather. Cut 

out the holes ; then 

nail the (‘over on the 
tix^e, driving a strong 
nail into each comer. 

Run the beading along 
both sides of the top 
and through under the 
boards of the tree ; 
tack on to the under- 
side of the boards. ^ 

Panels. Shape the 
body of the panel to 
about the same size as 
the flaps. Cut- out of C 
the same leather as the 

flaps a facing l.V in. - ■ ■ 

wide ; tack it round the ^9 waxed-tiikki 

sides of the panel. 

Measure and cut the serge lining, and whip it to 
the inner side of Hie facing and to the bottom of 
tlio panel. Stuff the lining with carded Hock, 
keeping it smooth and even. To make the sides 
of tho panel stand out flat, fill up the inside of 
tlio facing with a thick cord or stiff wisp of 
straw" right along. Rale lines in. apait on 
tho panel, and stitch along tlie linc'S, making a 
quilting. Place the panel of the trc‘e, and tack 
it in position. Having prepared some wires 
5 in. long, pierce holes with a bent awl in the 

flap; pierce holes corn*- 

s^xmding in the juinel ; [ 
draw the wire tightly 
through the holes, pull- 
ing flap and pan(‘l to- 
gether : w ith the pincers 
twist the l.wo ends of 
tlic wire ; cut off the . . 
long ends, and thnist 
the knot into the hollow 
of the buying. Rejx^at 
this till tho panel is 
fully see urcxl. This work 
is also done by m^ichine 
[ 191 . ! 

Make the straps and 20. making t 

girths in tho way before 

directed, and senv on to the bottoiUvS of the flaps, 
the girtli on the off-side, and II 10 strap on tho 
near side. 

Saddles for gig, four-wheeler, and hansom, 
arc built on the same principles, though the gig 
iind four-w'heeler saddles are simpler, and that 
for tho hansom is lighter. 

Accessories. Of the group of articles 
which we may designate aecessorien there is not 
much to be said. 

Breastplate, Used for preventing the saddle 
from slipping bac^k on tlio haunches, the breast- 
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plate consists of long side straps, bound over at 
the top by the neck strap, tivo short straps to be 
loojied to tlie saddle, and a girth strap extending 
from the V-joint of tho side straps between the 
horse's fore logs to the girth. 

Martingale. This is a simpler breastplate, 
tlie body generally being made round, lying on 
the horse's neck like a hoop. 

Saddle Girths. Girths are brood bands buckled 

round the belly of the 

horse to keep the saddle 
in position. They may 
be made of wool, mixed 
w^ool and cotton, leather 
lacing, and other mate- 
rials, with leather ends 
and good buckles. 

Saddle - cloths. Gene- 
rally made of fine felt, 
the saddle - cloths are 
shaped to fonu a wide 
margin round t ho saddle, 
and bound wuth tape. 
They are meant to pro- 

tect tho back of the 

SEWING MAf’HiXE horse, and absorb sweat. 

Head Collars. Various 
shapes of head collar are mode ; but none of 
them present any difficulty. The main principle 
of all forms is to combine lieadband, noseband, 
eheeks, throat lash, and chin -straps, in sucli a way 
as to make them easy to fit and put off and on, 
w hile keeping secure on the head of arestive horse. 

Tugs. On tho tugs the weight and strain of 
shafts and traces impose a heavy burden. Most 
important and representative is the shaft tug for 
van or cab. (\it a strip of strong leather about 
2 in. brood, shave and edge it, then overlap 
in. ; knock together, 
and make a hole through 
])Oth leathers. Insert 
the buckle and brass 
loop, and stitch firmly 
the overlap. Pack 
tightly with hard sole 
leather, always keeping 
to shape. Jhit four rowrs 
of stitching through the 
whole body, leaving a 
space for tno loop to be 
set in. Moke the loop, 
and stitch in. Finish in 
the usual way. 

VELLING BAGS Miscellaneous. There 

are a good many articles 
which the saddler and harness-maker must learn 
to make from mere practical experience. Knee- 
caps, fetlock boots, false collars, and horse 
clothing involve little that is new'. 

Machinery. We have touched but lightly 
on this side of the trade because the machine 
must always be merely the auxiliary of the 
craftsman in our w’ork. The sewing machine is 
the chief mechanical operator with us, and it 
certainly saves a great deal of labour. Saddlers 
also make other items, such as bags, purses, 
portmanteaus [20], letter cases, kit bags. 
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Retull 


1 doz. Tenuis racciuets 

1 pair lennis polos 

4 doz. Tonnis balls 

i doz. Toniiis nets 

4 doz. (Yo(|uet 

1 doz. (Jrotiuet mallots 

[ doz. BOt Crociuot balls .. 

4 doz. flolf clubs (sob'Ofod) 

1 gross iJolf balls (Holo<’tt*d) 

i d(»z. (bjlf caddies 

doz. pairs Bowls 

1 doz. } ( rickot bal.'s 

1 doz. (Jriokot balls 

4 sots rriokot stumps. 

2 doz. iMKd balls 

2 doz. Hookey sticks 

2 doz. llookoy balls , 


7s. 6d. to 273 each 

£:i per pair 

«d. to Is. enoh 

fls., lOs. «d., and 14g. each 

£d per I doz. sots 

£4 per doziMi 

Ids. 6d. to 21s, per set of 4 

4s. to .'>8. each 

Is. to 28. each 

2s. ««1. to 98. rtd. eaoli 

9s. ttd., 128., Ifis. <bl. pair 

4s. to 208. oaoh 


10 

iH. 

to r»H. each 


9 

lOg 

. 6(1., 28. 6d., 

Is. Od. 



1b. each 


10 


6(1. to lOs. 6(1. 

nich 

0 

48. 

6<l. to 108. 6(1. 

each 

0 

Is. 

to each 



boards, backgammon set:-!, dico 
and dice-cups, playing cards, card 
counters, ping-pong sets, “ Ascot 
sets; and there are innumerable 
varieties of things like table bowls, 
table croquet, and variants on all 
kinds of outdoor games he might 
stock. A judicious outlay of £1(1 
or £15 on the ingenious and 
amusing indoor games that are 
invented every year, and keej> 
winter j)arties in good humour 
would well i*epay the careful 
buyer and would keep the dead 
season alive. As a matter of fact, 
just before Christinas is a favour- 
able time for the beginner to o])en 
his shoji, jirovided he can make a 


in each branch of the trade, so that the man 
who know.H liis business will bo able to choose the 
proper make of tennis raeqiiet, fool])all, badminton 
bat and so forth, and bo able to expatiate on the 
)omts of (he article he is selling. C-omiilete sets for 
»adminton comprising bats, not with portable poles, 
shuttlecocks, etc., may be had to retail at from 
15s. to 45s. per set. They show a profit of fully 
25 ix'r cent. Croquet is again coming much into 
fashion, and hockey i.s something of a rage at the 
moment with both men and women. CJlolf is usually 
a lean trade* for the general dealer in sporting goods. 

The professionals at the club-houses do it all, see- 
iug that more often than not each pro. has his own 
make of club which he recommends to learners and 
to players alike. As for golf balls, their name 
is legion. The rubber-cored ball in its many 
varieties is generally regarded ns the favourite, 
and a judicious selection is necessary, as a largo 
stock is costly. Howls is a difficult business to 
foster, but it is very ]iopular in some parts of tha 
country, particularly in Scotland. If there is any 
bowling club in the vicinity it might be diplomatic 
for the shoj)keepcr to join it, if possible, and to lay 
in a stock of two or three pairs of bowls for show 
jairposes. But it is im^xirtant that he should see that 
each bowl licars tlie official stamp of either the 
Scottish or the English B(jwling Asso(!iation. 
C.Vieket np]>eals mainly to the younger portion of 
the community, therefore the stock of bats should 
include an assortment varying in size and quality, 
so that all ages, from the schoolboy to the full-grown 
Oxford graduate, may be suited. It is not 
advisable to stock stumps largely ; they usually 
last a long time and do not got lost like baH^ 
or broken like bats. One or two junior sets should 
not be overlooked in ordering. It might be 
advisable to stock a few pairs of vucket-keeping 
gloves, leg-guards and batting-gloves, provided the 
neighbourhood is a cricketing resort, but it should 
lie borne in mind that these goods are particularly 
liable to become shop-soiled. In footballs the 
No. 5 Association pattern is most generally sold. 

Indoor Games. There are many indoor 
flt>orts to be catered for, and as it is assumed that 
oiu* young enthusia^^t is eager to make his field of 
action ns comprehensive as possible, he might lay in 
a few billiard cues ond billiard balls. Half a dozen 
cues, retailing at anything from 2s. (id. upwards, 
would suftice, and two or t&ce sets of balls. Then he 
might have half a dozen sets of chessmen of different* 
patttTiis and qualities to retail at from 28. Od. to 
12». ; the ttm-giiinea ivory sets would not be 
advisable at first. Ho might likewise provide a 
few sets of dominoes, draughts and^lraught- 
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good display of inexpensive but 
alluring parlour games such as “ Tiddledy Winks,” 
‘‘ do-bang,” “ Aunt Sally,” ” Ludo,” “ Puff and 
Dart,” and so on. These things get the new man 
acquainted with the young yicople, and it is the 
younger generation which, after all, keeps the out- 
door games a-going when the summer comes again. 

The “Arts,** Athletics and Other 
Adiuncts. It may Im? that devotees of the “ noble 
art ” reside in the neighbourhood, and a pair or 
two of boxing-gloves would be attractive. Or the 
military instinct may be ]>revalcnt, and a few 
fencing foils, fencing masks, gloves and gauntlets, 
single-sticks and single-stick helmets would not 
look amiss. Indian clubs are seldom out of 
place, and the physical culture craze has created a 
considerable demand for spring-grip dumb-bells, 
punching balls, exercisers, and devolo])orH, and such 
things as these, small stocks of wliich might bo kept. 
If stdiools arc a feature of the locality apparatus for 
calisthenics and musical drill might bo requisite, 
while the time-honoured pastimes of childhood, like 
glass marbles, humming tops, skipping-ropes, peg- 
tops, teetotums, whipping-tops, and battledore and 
shuttlecock should never bo lost sight of. An outlay 
of £5 in such miscellaneous things will make a show 
that will give delight to the youth of the neighbour- 
hood. 'There are, of couise, many other lines which 
the dealer may develop as the business grows and 
should there be a demand. Games like quoits and 
skittles are poxmlar in some districts, while other 
neighboiu’hoods, or the vicinity of a military garrison, 
may induce the stocking of all the requisites for 
polo. Archery has a vogue in some parts of the 
country, but its jiojiularity appears somewhat 
epasmodio and confined to enthusiasts. 

Attracting Trade, and the Reward. 

The personal element is the strong point, and the 
young man should endeavour to become associated 
with as many of the local clubs as possible. 
Immediately after opening he should issue a 
trade catalogue, and his catalogue should always 
bo a featmo of the local sj>orting haunts. Large 
manufacturers of sporting goods, such as 
John Jaques & Son, Ltd., of Hatton Garden, 
London, supply excellent and comprehensive cata- 
logues, with the name and address of their customers 
printed on the covers, for only a nominal sum. 
VVith regard to profits, it may be taken os a general 
rule that the average profit on the turnover comes 
out at from 25 per cent, to 30 per cent. The out- 
lay is not great, there is little risk of deterioration 
of stock if ordinary oare be taken, and the working 
expenses at first need not cost more than 5s. or (Is. 
a week, for a boy to keep things tidy and 
to run errands. 
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STATIONERS 

The business of a stationer may be called one of 
the allied trades, because it is usually 8e(?ond in the 
trio of bookseller, stationer and newsagent. In 
fact, we find it associated with quite a variety of 
bosinessos, and it is a general opinion that anyone 
can be a stationer. If by stationer is meant 
handing across the counter a box of i>ens or a packet 
of notepaper and envcloijes, then to a certain 
extent this is true. The real stationery business, 
however, is 8ej)arate and distinct from all others, 
and requires a thorough, special training. 

Apprenticeship. The term of apprentice, 
ship is five years, and the pay usually begins at .3 h. 
a week with an Jinnual increase of two shillings a 
week. Of course, this may vary in some houses, 
but that may be taken as an average. ♦ To obtain 
a thorough training the novice should enter some 
good wholesale house where he will got a know- 
ledge of all the departments and he initiated into 
the mysteries of the various sizes and qu.alities of 
papers, loarh the trade terms, and be taught the 
dilforeiice, say, between a retrec and a perfetd-, a 
hand-made and a mill finished, and be taught to 
distinguish between the tub-sized and ordinary 
engine-sized papers. Here, also, the apprentice 
acquires a knowledge of the size and bindings of 
business books which will stand him in good stead 
afterwards. He would further be trained to a know- 
ledge of the sizes and qualities of envoloy>es and 
taught how to y)arcel and keep stock. If the young 
stationer intends starting business himself an addi- 
tional term of service in a retail business w'ould be 
advisable. When his apprenticeship is finished the 
young journeyman would begin with a salary ot some- 
thing like £60 a year, which woidd be increased as 
exfHTience was gained and adaptability shovni. 

Stationery. The term stationtry is a very 
wide one, and includes anything from the modest 
notebook to the magnificent Russia-bound ledger 
which finds a resting-place on the desks of our 
great banks and commercial houses ; or from the 
school ]x?n and pencil to the beautifully and 
expensively-mounted fountain pen. In fact, the 
artich^s sold by the stationer are so many and varied 
that ill these days of specialising various and 
separate businesses have lx‘en evolved. Thus we 
have law stationers, scholastic stationers, grocers’ 
stationers, and commcrinal stationers, together 
with artists’ stationers, etc. As the bulk of the 
business effwted by these firms — “ bagmen ” they 
are called — is the result of canviissing, it follows 
that the choice of a site for shop, office, or ware- 
house is not of jiaraniount importance ; nor need 
the stwk lx* heavy — business to a large extent 
being done on commission. To kecji any of these 
businesses going, travellers require to be con- 
tiniiall}^ on the road. Prices as a rule are closely 
cut, and competition is keen. 

The General Stationer. The man known 
as the commercial and general stationer conducts 
his business on slightly different lines, and is to a 
large extent dej>endenl on the position and 
apTXJarancc of his business pi-cmises. It would be 
well, therefore, to select a shoy* in a good business 
thoroughfare ; and the shojw of first class stationers 
are usually found in the Ijest yiarts of all towns 
and cities. Generally, it is an old business which 
has come into the market that is acquired — as new 
busineBses either in this line or that of its intimate 
associate, bookselling, are by no means numerous. 

As the beginner would require to y)rovide for mostly 
all, or rather more than, the de|)artment8 enumerated 
above, a sum of £500 to £600 at least would be 


requiicd fairly to start him in business. If he ii 
a total stranger to the place it might be well for 
him to allow himself to be guided to some extent 
by the representative of some good wholesale house 
who has a knowledge of the requirements of the 
district. Of course, we say “ to some extent,” as 
while it is well to cxdtivatc mutual trust and good 
relations between buyer and seller, it is a mistake 
to be too confiding. It may, however, be taken for 
granted that the rey>reKentatives of first-class houHcs 
— and we are sjxiaking only of such — ^do not like 
to see the |)arcel they sold still resting on the 
shelves when calling for repeat orders. It would Ik* 
well also to continue the services of former assistants, 
who would not only advise as to the wants of the 
district, hut know the former customers and how 
to deal with their various idiosyncrasies. A sum 
of money is usually paid for ” goodwill,” but if the 
incomer takes over the whole stock at a valuation th is 
should not be large, »vs he is sinking a good deal of 
money in goods which it will Ik* difficult to realise. 

Fronts. The beginner will he told tliat he 
will make a y)rofit of from 25 to 30 per cent, on the 
” turnover,” and he entt*rs on his new })usinosa with 
rose-coloured dreams of (piickly amassing a fortune. 
He will not be long in business, however, l>»*foie 
he finds out that he has got to modify his ideas 
on that score very considerably, and he will have 
to he content with something a good deal loss than 
half the lowest sum named. If he is ambitious 
of doing a big business and goes in for estimating, 
he will be fortunate — if he does the work honestly, 
and we presume he will — if ho lifts the order with 
a margin which will leave him a clear profit on the 
transaction. Here, as in every other business, it is 
exy)erien(;e that tells. 

8oine articles in the stationery trade have for 
some time lieen so keenly cut by certain traders 
that they could only be handled at a loss in any 
attempt at com|)etition. This led n‘ccntly to the 
formation of what is called a Pro])rietary Articles 
Protection Association, composed of stationers, 
wholesalers, and manufacturers, under which an 
arrangement has been come to whereby certain 
8]H*cilied articles supplied by the mcmlKrs of th<* 
association shall not be sold below a given price, 
thus allowing a fair workhiir margin of profit to the 
retailer who handles the articles. 

Shop Arrangement. Goods should be 
arranged methodically ; o(*tavos of foolscajis, posts, 
large posts, and mediums by thc'mselvcs ; (juartos 
of the various sizes by themselves. Business 
books should lx* similarly treated. A few glass 
eases are a decided advantage, and add to the 
appearance of tlie premises. In these, the finer 
bindings and “ West-end books,” and a few of 
the more ex i-iensive inkstands and .stationery cases 
can be shown. Notepaper and business pa}x*rs 
should also be arranged according to quality and 
size. The various papeteries and mourning 
stationery should have their own ]»liu*(*. In fact, 
the sttKjk should be departmented — those articles 
most in demand nearest to hand, and everything 
arranged so that the shopkeeper may be able to 
find a given article even in the dark. The employer 
should insist on each department being ! op' tidy — 
with someone responsible for it, and hoi Id on no 
account tolerate broken jnircels. As mo notepaptir 
and enve!o })08 may now be had boxed, it is not 
difficult to follow these directions. 

All goods coming in should be immediately un- 
packed, checked with invoice, and carefully marked 
with cost price in private mark and selling prices in 
plain figures. Of course, it is a mat ter of no moment 
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whether the selling price should be marked in 
private or plain hjgures, but most buyers prefer 
to be able to see for themselves the price of the 
article they are purchasing. The goods should 
be carefully assorted in the stock -room and the 
front shop replenished when necessary, care always 
being taken that those goods' which are in daily 
demand shall not be allowed to run out. It is 
always good policy to see that one parcel of any 
given article shall always be left in the stoi;k- 
rooin. 

The Windows, 'rht^ windows ought always 
to be clean and attractive, and changed often. A 
good idea is every now and then to have what is 
<*alled a ‘‘ one-article window.” This, for instance, 
Jiiiglit take the form of an effective disfilay of 
pa])cterie in various sizes, with the stiitioner’s own 
name and address ]^rinted on them. These should 
always be of good maUTial and extra value. . As he 
has a permanent advertisement in the boxes he 
sliould be contLMit with a very small margin of profit. 
If the conUmts of the pa];)cterie please bis customers 
the chances are that he will not only have rejieat 
orders, but have the satisfaction of selling other 
goods as well. Make a point of distiardiiig cheap 
and nasty stuff and of supplying only the best 
value possible. This is the best way to kt^ep on 
good relations with customers and to build ii]! a 
business on a sound and solid basis. Allow your 
name to appear cn nothing that is not really first 
class. The advertisement is permanent whetluT 
for good or evil. 

()n another occasion the stationer may make a 
show of business books. If, for instance, he has 
s(j(*ured a si^ceially good order for a set of business 
books from some large firm, he may put them in 
the window for a day or two, taking care that the 
titles of the books and the name of the customer 
for whom the order is being executed are not 
exposed to the public. 

Fountain Pens and Typewriters. 

Then, again, in fountain pens there is a large* and 
ever increasing business lieing done. These, as 
a rule, afford a fair margin of profit, and the best 
of them cornc iindei* the rules of the Proprietary 
Articles Association. While they should always 
be well forward both in the window and on the 
counter of the up-to-date stationer, a “ one- 
arlicle ” window of them might occasionally bo 
made. Of course, a hundred pounds will not 
go far in this way : but it will pay to make 
now agd again a good display of them. Without 
offensive pushing they can be turned into a good 
source of revenue. It is a good plan always to 
have one or more in your own pocket which you 
can allow your customer to try — one that you arc! 
using daily, and therefore ready to write the 
moment it touches paper. If the pen you are in 
the habit of using does not suit your customer, 
another from stotjk can easily be siilstituted. 

The typewriter is usually handled by specialists ; 
but there is no reason why the stationer should not 
now and again dispose of a numhine. There is 
money in the business. He has a typewriter, as 
a rule, for his own use. Why not get an agency 
and keep beside him a good supply of attractive 
catalogues which be might judiciously use to good 
purpose ? At any rate, there is no reason why the 
papers, ribbons, carbons, etc., necessiiry for the 
manipulation of the typewrite*? should not be 
supplied by the stationer. A small stock of these 
articles can easily be got. They are usually supplied 
in neat, cardboard boxes, and can, therefore, be 


tidily kept and easily handled. If a trade is done 
with law or commercial houses, a book of 
samples might be token round and shown, and prices 
quoted — in fact, neat booklets of samples con be 
obtained for distribution. These can be stamped, 
or, what is better, have printed the stationer’s 
name and address. This will Ictwl to increased 
business. Bo not be above going out and pushing 
your business. 

J.<etter-f>re8se8 are soltl only occasionally, and a 
large stock of them need not be kept. One or two 
should bo stocked, however, to show styles and to 
Ije ready in case of emergency. Orders can Ixs 
taken from makers’ lists. 

Die-stamping. Bie-staiiij)Uig forms a large 
and fairly profitable part of the stationer’s business, 
and it is oqe which he will do well to cultivate. A 
good many wholejsale houses now issue books of 
samples, showing qualities of paptT and styles of 
stamping both in “ j)lain ” and “ lelief.” Some 
enterprising firms even go the length of cutting the 
die free— charging only for the stamping — trusting 
to recoup tlicinselves for their initial oiiUay by 
repeat orders. As there is something attractive 
and in decided good taste about a neatly stamped 
note heading, most customers — who would never 
think of going to the expense of getting a die cut 
— for the extra cJiarge of, say, a sliilliiig, would Ije 
glad to place an order for five quires of notepaper 
and 100 envelopes. Then, as this trade develops, 
the stationer will naturally find that he can do with 
a much smaller stoc^k of notepaper and cnvelojies. 
Tills will liberate a certain amount of capital and 
allow it to be otherwise employed. Of course, this 
question ojiens up a wide field of enterprise which 
can Cfisily be exploited by the stationer who is 
alive and knows his business. For instance, 
there is the interesting subject of wedding stationery, 
including invifiition and complimentiiry cards ; 
at- home, with menu and guest cards ; dinner, 
dance, and visiting cards ; and the jH^reniiial, and 
evc.*r incrc‘-asing trade in Christmas cards. Show 
cards — tastefully and artistically arranged — of 
these (Jan and ought to be exhibited, and the 
makers’ books kept handy for leferenee, or to 
bring under the notice of likely customers. Busi- 
ness printing and lithography may be manipulated 
ill the same way by arrangement with lithographej s 
and printers who work for the trade. 

Wholesale Houses. A word as to whole- 
sale houses. While there is truth in the saying that 
it is not good policy to kec}) all your eggs in one 
basket — and a comparison of prices is good for all 
concerned — at the same time, if you have confidence 
in your wholesaler, and know that he is doing his 
best for you, you will do well not to multiply aeoounts. 
You will not be long in business before you find out 
that one firm is liest for pa|)er ; imother makes a. 
special feature of envelopes ; while a third does 
business books at a price which the others cannot 
touch. You ought, above all things, to exercise 
the greatest caution in taking up “ specialities ” 
shown by entire strangers who exhibit an undue 
anxiety to do you a special favour by making 
you sole agent ” in the district for their wares, 
on condition, of course, that you place* a good order 
for a stock of the article. If you do, you may 
find that others have also l>een made “sole 
agents,” and that more than one stationer has 
Ix^n landed with articles of which he will find 
some little difficulty in getting rid. As a rule, 
you can get “ the latest novelty ” from one or 
other of the wholesale houses with whom you deal. 
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EXAMPLES IN THE ELLIPSE DRAWING 

Ellipses not Struck from the Same Centres. Ellipse Tapering to Circle. Objects 

with Varying Slant. Conical Tube. Seams and Joints. Rivets and Riveted Joints I TKCMHICAT. n^AWINO 


By JOSEPH 

To Mark Out in Four Pieces a 
Tapering Elliptical Article. In this 
the taper at ends and sides are unequal. Fig. 136 
shows the depth, and 137 the plan. In 137 there 
are two ellipses concentric with each other, but 
marked from separate sets of centres. Fig. 139 
is a pattern of the side, obtained as follows : 
From the point 3 [137], which is the centre from 
which the larger curve of the outer ellipse is 
stru' k, draw the vertical line 3 4, and continue 
ihe largo curve round to meet it at 4. Draw the 
horizontal line 4 6 from 4, making its length the 
same as the vertical depth of the article 1 2 [136]. 
From the point 5 draw the line 5 6 at right angles 
to 5 4, the distance from 6 to 6 being the distance 
between the sides of the outer and inner c^llipses 
at 1 2 [187]. From the point 6 thus obtained 
draw a line passing through 4 to 7, where it meets 
the centre line 1 8. The distance from 4 to 7 will 
be the radius of the outer curve a8a [189], the 
centre of which is located at 9. Tiio inner radius 
of the side is obtained in the sami*! manner as the 
outer, by projecting the vertical line 10 4' [137] 
from the centre 10, from which the curve is struck, 
until it intersects a continuation of the curve 
its.df at 4'. The depth of the article is again 
marked from it at right angles, giving the line 
4' 5' ; and again at right angles from the end 5' 
of this line the distance 6'6' is set oil, represent- 
ing the distance 1 2 [137] between the sides of 
the ellipses in plan. Through the points G' and 4' 
thus obtained a lino is projected to 11 on the 
centre line 1 8. The distance from 6' to 4', or 
G to 4, is set off from 8 to 12 [139], giving the 
width of the segment. Then with the distance 
4' 11 as radius the inner curve [139] is struck 
through 12, its centre being at 13. The length of 
this segment comes halfway between the centre 
lines of the two ellipses at the point 14 [137], the 
distance 1 14 being taken from and set off on 
each side of the centre line at 8a, 8a [139]. From 
the length of curve thus obtained radial lines are 
drawn to the point 13 on the centre line, and the 
marking out of the segment for the sides of the 
article is finished. 

The end piece [188] is struck in a similar man- 
ner from the ends of the ellipse. The horizoutal 
line 156 [187] is projected from the centre 15, 
from which the end curve of the inner ellipse is 
struck, until it meets the dotted continuation of 
the end curve at 6. The line he is drawn at right 
angles from 6 16, its length, 6c, representing the 
depth of the article 1 2 [136]. A line at right 
angles therewith from c to d represents the dis- 
tance between the inner and outer end curves of 
the ellipse, 16 to 17 [137]. A line is drawn through 
the points db to cut the centre line at 18. The 
distance from 18 to 6 is the radius of tlie inner 
curve [188], struck from the centre 13. The width 
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of the segment is taken from d to 6 [137], and set 
off from 11 to 19 [138]. The radius of the outer 
curve at 19 [188] is obtained by projecting the 
horizontal line [137] from 18, the centre from 
which the outer curve is struck, to 6', where it 
meets the dotted continuation of the curve. The 
pt^rpendicular from 6' to r/ is the same length as 

1 2, on 136, and the horizontal from c' to d' is the 
same length as the distance between the ellipsas 
16 to 17 [137J. A line drawn through d'6' gives 
the point where it cuts the centre line, and from 
that point to 6' is the radius with which the outer 
curve of 138 is struck. Its centre is at 20, which 
is fixed by the width of the segment, obtained 
either from dh or b'd' [137]. Tlie length of the 
segment is meAsured from 17 to 14 [137], and 
set off on each side of 19 in 138, 19e, 19c. 

To Describe the Pattern for a 
Canister Top. This tapers from an ellipse 
to a circle. Fig. 140 is the elevation, 141 the 
plan, and 142 t-lu^ development of the pattern 
in one piece. Draw on the plan a diagonal 
line 3 2 between the points whore the end and 
side curves intereect. Then in 143 draw a centre 
line 1 0, and two transverse lines at right angles 
therewith at the same distance apart as those 
representing the depth of the article 1 I [140]. 
Transfer the length 2 3 from 141 to the line 2 3 
[143], and also the diameter of the hole 4 5 to 
the line 4 5 [143). Project lines through 2 4 and 
3 5 to cut the centre lino at o. With (>2, or o3, 
as radius strike the curve 2 3 [142] from centre 
a. Returning to the plan [141] draw a per- 
pendicular from 6, which is the oontro from which 
the sidi'. of the ellipse is struck, and continue the 
curve of the side roimd to meet it at 7. D.^aw a 
line at right angles witli 0 7 from 7 to 8, of the 
same len^h as the depth of the article 1 1 [140J. 
Draw another lino at right angles with 7 8. from 

8 to 9, making its length the same as the width of 
the side, 4 to 10 [141]. Then produce a line from 

9 through 7 to cut the transverse centre lino at 
11. With 11 7 as radius strike the arc 2 3 [144], 
and draw the perpendicular ul through the 
centre o. Divide half the length of the side, 3 to 
23 [141], and mark off ih(5 same number of 
divisions each side of the centre 1 on the curve 

2 3 of 144. Draw also the ladial lines 3u, 2o, and 
the chord 2 3. 

Next, from 12 on the plan [141], which is the 
centre from whicli the end curve is struck, pro- 
ject a horizontal line to meet an extension of the 
curve at 13. Draw a line at right angles with 
12 13, from 13 to 14, corresponding in length 
with the depth 1 1 [140], and then another line 
at right angles with this, from 14 to 15, corre- 
sponding in length with the width of the end, 
1 to 17 [141J. Project a line from 15 through 13 
to cut the centre line at 16. With radius 16 13, 
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and from o [144] as centre, strike the arc 18 19. 
Measure the end curve [ 141] from 1 to 3, and 
transfer its dimension to each side of the centre 1' 
on the curve 18 19 [144]. Draw radial lines from 
18 and 19 to the centre o, ajid also the chord 18 19. 
Transfer the length of tho latter to the chord 
18 19 [142], cutting the boundary circle 2 3 at 
18 19. With the radius ol8, from 144, strike 
the arc 18 to 19 [142], its centre being on the 
centre lino at 20, and its ends coinciding with 
the intorsc^ctions of chord and circle at the points 
18, 19. Then take the chord distance from 2 to 3 
[144] and transfer it from 18 to 21, and from 19 to 
22, intersect ing the boundary circle. Bisect these 
lengths at 10 and 11, and project lines from all 
these points to the centre o, extending the lines 
from 10 and 11, through o, to the points 7 and 6 
beyond respectively. The points 0 and 7 are the 
centres from which the curves 21 18 and 22 19 
an^ struck, the radius l>eing taken from o to 1 
[144]. Next measure the length of the boundary 
circle from 18, or from 19, to the centre line 1' 
[144], and transfer the same from 21 to 2, and 
also from 22 tf) 3 [142], and draw tlm radial lines 
2o and 3o. Then with the radius 20 1 [142], 
from which tlu*, curve at the bas(*- is struck, 
describe the arcs from 21 to 23, and from 22 to 
24, the centre in each case being on the radial 
line which marks the end of the pattern. This 
finishes the development of the exterior of the 
pattern and leavers the circular hole? to be 
marked out. 

Draw on the plan [141] a vertical line from 
4 to 18, corresponding in length with the vert.ical 
depth of the art icle, 1 to 1 [140]. Prom 18 draw 
a line at right angles with 18 4, through 19 to 
20, the distance? from 18 to 19 corresponding 
w'ith the dimensions from the edge of the cirede 
to the ellipse, or 4 to 10, and the distance from 

18 to 20 corresponding with a similar measun'- 
ment lengthwise, or 17 to 1. From 19 and 20 
draw lines through 4 tf) cut the centre line at 22 
and 21 rcsi^etively. Take the length from 20 
to 4, which is the slant of the end, and mark it off 
on the radial lines of 142, from 23 to 4, 1 to 17, 
and 24 to 5, thus obtaining the points 4, 5, 17, 
through which the curve for the hole is struck. 
Then with 4 21 from 141 as radius, describe 
arcs through these points, the one which cuts 
17 being struck from the centre line ol, and 
finishing where it cuts the radials ol8 and 

019 ; and the arcs from 4 and 5 being half the 
length, struck from the lines o4 and o5, and 
ending at the radials 21 and 22. The centres 
from which these three arcs are struck are too 
close to the common centre o to be distinguished 
by separate numbers. The connection lietween 
these arcs is now completed by taking the 
radius 4 22 from 141, and joining them with 
arcs of this radius struck from centres on the 
lines 6 11 and 7 10 [142], 

To Describe a Tapering Neck with 
Parallel Sides. This has semicircular ends, 
and a circ\dar hole in tlie top. Fig. 146 
is the elevation and 146 the plan of the 
article. Pig. 147 is the development in one 
piece, with the joint at one end. Through 
the centres of 145, 146, and 147, ad|perpen> 
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dicular line 1 1 is drawn. In the plan [146] 
there are three horizontal lines, 6 7 being 
central, while 2 3 and 4 5 pass through the 
centres from which the end semicircl^ are 
struck. To proceed with the development, 
extend the line of one side, in 146, to the point 

9, the distance from 2 to 9 being the same as 
the vertical height 1 1 [146] of the article. 
Draw a line at right angles with 2 9, from 9 to 

10, the distance between 9 and 10 being taken 
from o at the edge of the hole to 1' at the semi- 
circular end, thus representing, in plan, the 
taper from hole to end. Draw a line from 10 
through 2 cutting the centre line 11 at 11. 
From the point 12 on the circle representing the 
hole draw a line to 13, the distance between 
12 and 13 representing the depth of the article 
1 1 [145]. Take the distance from o to 1' as 
before and transfer it to the horizontal line 13 
to 14. Tuen draw a line from 14 through 12 
to 11, where the centre line is cut by it. In 
this case the diagonals both from 14 and from 
10 happen to meet at 11, but with different 
proportions they would cut the centre line at 
different points. Next, in 148, draw horizontal 
lines 3 4 and 12 15, at distances apart, 1 1, cor- 
responding with the depth of the article, 1 to 1 
[145]. Draw the centre line 1 8 [148] at right 
iuigles with these lines, and on the upper horizon- 
tal line mark off on each side the distances 
1 3 and 1 4, corresponding with 1 3 and 1 4 
on the diagonal lino in 146. On the lower 
horizontal line ri48] mark off the diameter of 
the hole 12 15, similarly numbered on the other 
views. Through these four points, 3, 12, and 
4, 15, draw the diagonal lines cutting the centre 
at 8, as shown in 148. With 8 3 or 8 4 as 
radius, strike the large boundary curve 3 4 20 
from tin? centre 8 [147]. 

Now, with radius 1 12 ri46] strike the curve 
4' I' 5' from centre o [149]. By stepping round 
with dividers, make the length of this curve 
similar to the length of curve in one of the 
semicircular ends in 146, and draw the chord 
4' 5' [140]. Draw a chord of similar length 
across the lower part, of the boundary curve in 
147, giving the points 17 and 18. From these 
points, with dividers set to the radius o4' or 
o5' [149] mark off the point o' on the centre 
line of 147. With o' as centre, strike the curve 
17 1 18, corresponding with the curve in 140. 
Next take the length of the side, 3 5 in 146, 
and mark it off from 17 to 16, and from 18 to 
19, in 147, intersecting the boundary curve. 
Draw lines from these points to the centre 8. 
Then, from the centre 8 strike a curve through 
the point r>, giving the points a and b whence the 
radial lines to 21 and 22 are drawn. The points 
a and h are centres from which the curves 22 16 
and 21 19 are struck, their radius being the same 
as the curve struck from o' in the lower part of 
the view. The pattern of the outside is now 
completed by connecting the curves by the 
tangential linos 16 17 and 18 19. 

For the development of the round hole in 
the top, bisect the line 16 17 at c, and 18 19 at 
d [147] and produce them to r and s respectively. 
Take the length 14 to 12 [146] and set it off in 



162 






SXAMFLBS IN THB ELLIP8B 
4 situi^€k An AlilnMwlth unfiflual taoer 140-1 44, BUiptlcal figure tapering to a circle 145-149. An object the 
it whi^ fSm wSc frSu 16^6^ Anoto^ meihod of ^developinenf^ 165 157. An elllptlofl Affure with 
unequal elant 158-1 6 J. Development of an oval both 161-163. Development of plate for conical 






DRAWING 


147 from 1 to gf, 22 to h, and 21 to j. Take alt^o 
the distance 11 to 12 in 146, and in 147 set it oif 
respectively from g to ky h to Z, and / to tw- ; 
jk, ly and m are centres whence are struck the 
curves hn, /o, and jtgq. The radius of the 
connecting portions is obtained by drawing 
in 148 the diagonal line between points re- 
presenting the depth of the aHicle and the 
slant of the side, and prolonging this line to the 
point 17, th<^ distc.nce from 17 to 12 being the 
radius required. Tne centres in 147 are located 
at 8 and r on the prolongation of the bisecting 
lines c and d. 

An4Ather Method. Problems of this and 
allied kmds may be approached, and rendered 
more obvious perhaps, by regarding them directly 
from the point of view of the cone. Thus, 
in 150, 161, 152 tlic shading introduced shows 
that the ends of thi5 articles must be portions of 
oblique con<^s, the construction of which has 
been explained on page 4717. The point is, 
that the base can be divid?d round into any 
number of etiual parts, and lengths taken from 
thewe divisions to the apex, through which 
points the required curve can be d awn, and 
the plane of truncation can be treated similarly. 

Looking now at 160 and 151, we can regard 
the artit^le (irrespective of the question of 
tMdiial jointing up) as formed of segments 
only of conic frusta, meaning by that that 
the cylindrical shapes an' incomplete. They 
terminate at ft, h, c, d. They are connected 
with plane triangular pieces «, d, /, and 6, c, c. 
Fig, 163 shows the method of development. 

■Draw a horizontal line 1' 2'. 8et off a centre' 
o from 2 in 150, and with the same radius 
describe the quadrant 2'ft, equal in hmgth to 
2ft in 150. Stc'p round on it any convenient 
number of chord lengths, 2', 1, 2, 3, a. Set off 
on the line 1'2' the distances 2'g and 27f, 
corresponding respectively with the centre of 
the round hole and its edge, in 150, and raise 
perpendiculars therefrom. Draw a horizontal 
g'k\ corresponding with the ])lane of the top 
of the article. Draw lines through 2'h' and 
through og' prolonged, to intersect at the 
centre o\ which locates the apex of the oblique 
cone, and drop the perpendicular o'V. From 
1' describe arcs from 1, 2, 3, ft, to intersect the 
line 1'2' in 4, 5, 6, 7, respectively. (Connect 
these points with the apex o\ cutting the plane 
g'h' at 4'5'6'7'. Next take the slant length 
()'2' 1 163], and set it off from o' t»o 2' [154]. 
Similady, take successive radii, o'4, o'5, o'O, 
oVy and set them off in 164 as shown by corre- 
sponding references. Take the successive t'.qual 
divisions, 2'1, 12, 2 3, 3ft, in 153, and step 
them round from 2' to 1, 2, 3, ft, in 164, and 
draw lines through the points of intersection 
to the centre o'. A curve drawn through 
these points of intersection 2', 1, 2, 3, ft, re- 
peated on the other side of the centre line will 
give the development of the curved base of the 
tnincated cone. For the round hole in the top, 
coinplet(i 154 thus : 

Take successive radii from o' [163] measuring 
thciu^e to h'y 4', 6', 6', and transfer to 164, 
cutting the radial lines at k', 4', 5', 6',^, repeated 
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on each side of the centre line. These will form 
the })oints of intersection through which the 
curve is drawn. 

To Mark Pattern for an Elliptical 
Object with Angles Constantly Chang- 
ing. Fig. 165 is the plan of the object, and 
156 the elevation. In plan, the taper appears 
equal all round, but in elevat.ion the angle is seen 
to vary, Iwcause the back is higher than the 
front. In 166, project the lines 7 9 and 1 K, till 
they mcKjt at the common centre o. From o 
carry a perpendicular up to o on the centre line 
1 7 of 155. Divide one half of the outer ellipse 
into any number of parts, as 1, 2, 3, 4, 6, 6, 7. 
With o on the line 1 7 as a centre, strike 
arcs from 2, 3, 4, 6, to cut- the line 1 7. An 
arc from 6 [IBB] would coincide with the one 
from 5, and also one from 7, and the ext-reme 
point-s 1, 7, coincide with the points 1 and 
7 on the elevation [156]. Drop a perpen- 
dicular direct from 5 on the ellipse to 10 on the 
line 1 7 of 166, and another from the point 12, 
where the arc from 5 on the ellipse cuts the centre 
line 1 7, stopping the Latter perpendicular at 5 
on 166, which is the point where a horizontal 
from the intersection 10 of the first perpendicular 
and the sloping line 1 7 occurs. From the point 
5 draw a sloping lino to 1. Draw also a hori- 
zontal from 7 to 7, and another from 6 to 11, 
which is the poinf. on the line 1 7 whore a per- 
j)endicular from 6 [156] cuts it. We have now 
points 1, 2, 3, 4, 6, 6, 7, on 166. From each of 
these draw a radial line to the centre o, and then 
Avith o as a centre describe curves of indefinite 
length from each of t-hese points on the upper 
part of 156, and also from each of the r^ial 
intersections on the line 8 9 of 156.' 

Draw now the line 7ft, of 157, clear of the lines 
of the elevation, and then with dividers set to 
the divisions on the ellipse [ 155], step from 7 [ 167] 
to 6, and so on till the j^oint I is reached, be- 
ginning on the outer circle 7, and stepping across 
from one circle to the next t ill, at the point 1, the 
inner circle of the sanl(^ number is reached. 
Through these intersections the outer line of 
the pattern is drawn. The inner line is traced 
through the intersections of radial lines with the 
inner set of curves, stepping a.s before from one 
circle to the next, the widest part- of the* pattern 
being at the end 7ft, and the narrowest at. the 
end 1ft. This gives the pattern for one half 
of the object. 

To Strike in One Piece the Pattern 
for an Oval Hip-bath. Fig. 158 is the 

side elevation, and 169 the plan. The shape of 
the inner oval is decided by the position of the 
points 5 and 10 on the centre line, and need not 
be drawn. In 160 draw tb^ two horizontal lines 
1 8 and 9 10, at the same distance apart as the 
top and bottom lines similarly numbered in 158. 
Project perpendiculars from 1, 5, 10, 8, on the 
centre line of 169, to the upper line I 8 [160], 
continuing those from 5 and 10 to the lower line 
9 10. Draw lines from 8 and 1 through 10 and 1' 
[160] to meet at the centre ft. Project a per- 
pendicular up from o to ft on the centre line of 159. 
Then divide the upx)er half of the outer oval [169] 
into any convenient number of parts, as 1, 2, 3, 
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etc., from the centre o on the figure curve to where they cut the horizontal, and mark 
descnbe arcs from ea^jh of these points to cut off these lengths from the points similarly nura- 
the centre line 18^2,3', etc. From these bered on each side of the ('entre 8 on the outer 
points, similarly numbered on the line 1 8 [160], curve of the pattern. Through these points 
continue lines converging to ^ trace the curve 6' 7' 11. 

the centre o and cutting the C mical Tube. Fig. 161 

^ ^ ^ A is a common fitting, the 

With 0 as a centre now gs^ well-known conical, or “ Gal- 

describe curves of indefinite loway ** circulating tube. It 

lon^h from each of the inter- 166 . is fuma-c 

sections, both on the line 1 8, m s flues of horizontal boilers, and 

and the line 9 10, as shown in the fireboxes of vortical types. 

160. Then, with the dividers 1®® 169 Fig. 161 shows it as fitted in a 

set to the divisions round the parallel flue. The tube A is 

oval in 150, start from 1 af' ^ ^ thrust through the larger hole 

the end of the lino 1 8 [160], of the furnace B, which is largo 

and step off round the curves 170 171 enough to allow the flange C 

the same number of divisions, various seams and rolled joints to clear. The flanges C and D 


crossing the curve 1 to 2, 

2 to 3, and so on at each step until the centre 
line is reached, where the number of steps has 
amounted to the same as those round half 
the oval in 169. Then proceivl with a similar 


are secured by riveting. 

As the tube? is of sensible thickness — from J in. 
to I in. — the dimensions corrciipond with the 
external diamc^tem aftiir bending and welding. 
These diameters are AB and (-1) [162], and t in 
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174 175 

PROPORTIONS OF RIVETS 


number to complete the other half, but working 
across the curves in the opposite way, so that 
the final step occurs again on the outer circle 
at 1 on the lower righi-hand side of 160. From 
each of those points of intersection draw radial 

lines to the centre o, — r-T-- , 

which will give the cor- . ' ' 

rect points of intersec- ^ ^ " 

tion on the inner set of • : < J , j> ^ 
circles from the line G 
9 10. Through these ^ 

intersections trace the ■, 

outer and inner lines j8q 

of the pattern. forms of lap 

To obtain the shape 

of the back, draw jwrpendiculars from 6' and 7' 
[159] to the line 1 8 [168], and thence continue 
them parallel with the back, 10 11, till they cut 
the curve (which has previously been decided 


FORMS OF LAP-RlVETED JOINTS 


diameter of the furnace flue is indicated by the 
circle EE. Linos are projected through AC’- and 
BD to a point o, where they meet, whi<‘h is tlui 
apex of the cone of which the water tube is 
frustum. As the flanges fit a cylinder, th(‘ 

— -- --’r- r-- regular curves of some 

prev'iou.s developments 
ar(‘ unsuitable. Tlu' 
varying curves requirc'd 
are obtained on lim‘s of 
equal division stepped 
round the conical body 
181 182 asatFF'. A half circle 

HVKTBD JOINTS iadividwl round P, 1.2. 

3, 4, 5, 0, 7, F'. Draw 
lines through these points from o to cut the circle 
of the furnace flue in a, b, r, rf, c, /, </, on tlu' 
smaller end, and at a', ?/, c', d\ e\ /', at 
the larger end. From the points where thi*se 


, 0':j0 00)0 

188 184 185 188 187 188 189 

FORMS OF BUTT-RIVETED JOINTS 

on) at 6 and 7. Take the distance 8 to 11 lines of division on the cone cut the circle of 
and mark off the same from 8 to 11 at the back the furnace EE draw radii from o as a centre' 
of the pattern in 160. Take also in turn from to 168, which shows the development of tlu', 
158 the distances 6 to 0' and 7 to 7' from the plate. 
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In 163 draw a centre line oB", and to right and 
left of it set off the length B'A' equal in length to 
the Qircumference of the large diameter AB of 
the tube in 162, and divide the length into twice 
the number of equal parts of the half circle in 162, 
A' a' h' c' d' c' /' g' B' g' f' e\d' c' b' a' A' [168]. 
Draw lines thence to the apex o. At the points 
where these radial linos intersect the curves 
drawn from 162 draw the outlines of the plate 
as indicated by the similar nderonees. The 
middle plane FF might be divided instead of 
the end, as indicated. Beyond these outlinej^ 
add sufficient for flanging — namely, the lines 
GO, HH. 

Joints, A voiy condensed account of 
joints must now conclude this course. 

Joints in sheet and plated work are made by 
soldering, brazing, weld'mg, lapping, or rolling 
simply, and by riveting, and bolting. 

With regard to the additions mode, these are 
generally of the character sho^m in 163 — that of 
supplementary width added to the edge or 
edges of the developed outline. But in many cases 
the joint has to bo miido 8om(^wh('re in the body 
of the development. 

Soldering and Brazing. The joints 
for union by these methods are of various kinds. 
The commonest is the lap. Edges arc sometimes 
thinned down to a feather edge befon^ lapping in 
order to maintain on even thickness. The 
thinnest sheets are generally left untouched, 
Avhi(‘h leaves a slight thickness or angle to be 
occupied by solder and assist the holding of the 
solder in the joint faces. Abutting joints are not 
used much for soft soldering, though rather more 
frequently for brazing. But the small area of the 
parts ill contimt prevemts making a strong job. 

A good many joints at right angles are made 
by abutting joints, because an angle of solder can 
l>e run down the internal angle as well as between 
the faces. But all strong joints must have con- 
siderable surfaces for the soldering material 
to adhere to. An example of this kind was illus- 
trated in the cramped joints of the coppersmith 
[}3age 3884], which arc made in joints in one 
plane, in curves, and at right and other angles. 
In work in tin, zinc, and lead other kinds of lap 
joints are common, such as lapping and rolling. 

Fig. 164 shows a plain angular joint in which 
the edge of one sheet is bent over to cover the 
edge of the sheet adjacent, and soldered. Figs. 
165 and 166, show two forms of lap joints msSe 
watertight without soldering, the seams being 
closed by hammering. Fig. 167 shows an angh^ 
joint that must be soldered, otherwise it could 
l)e pulled apart. Figs. 168 and 169 are other 
forms which may be soldered or not. Figs. 170 
and 171 are roll joints for lead and zinc respec- 
tively. wbioh ne^ not be soldered. 

Wal ding. Welding has been described under 
Smiths' Work [see page 298 S]. It is a process 
employed for pieces of sensible thickness, as bars, 
rods, sections, and plates, but not for thin sheets. 

Riveting. To discuss all the points in con- 
nection with riveted joints would cover a very 
wide hold. We must be content to show the forms 
of rivets and the more important types of joints. 


The commonest type of ri\et used by engineers 
is the cup-headt or spherical head rivet [172] 
Tn this both head and tail are aUke. In 173 the 
tail is still of the cup section, but the head is of 
the pan shape, which is stronger. In 174 the head 
is of pan shape, but the section of the tail in- 
cludes two curves, conoidal head ; 176 is the 
conical tail formed by hammering only. In each 
of these the head and tail stand beyond the faces 
of the plates. Wlien this is objectionable counter^ 
mnk rivets are ust^ [176]. Sometimes one eni^ 
only is countersunk, as in 177. Proportions vary 
slightly, but those given in the figures show 
average practice. In each case the unit is the 
diameter, d, of the stem, or shank of the rivet. 

The numerous forms in which riveted joints 
occur are not determined arbitrarily. Joints in 
the same plane are as follows : Lap joints 
siwjle riveted [178]. These are the weakest forms. 
A stronger joint is made by dovble riveting, and 
this may be of chain type [179], or zig-zoy [180]. 
In some cases treble riveting is used, either of 
chain type [181] or zig-zag [182]. The objection 
to all these is that the plates are not in the same 
plane. The method is suitable for uniting 
belts of plating in cylindrical boilers, circular 
scams, but not for longitudinal seams, which 
would develop grooving. Hence the superiority 
of the bvU joints. In these, plates which abut 
in the same piano are riveted through a covering 
strip, or strips, butt strips, or straps. Single 
hvU straps [183] are used, or double huU straps 
[184 to 189]. A strap on each side makes a bettor 
job than a strap on one side only. As in lap joints, 
the rivets are arranged in single lines, single 
riveting ['183, 184], in two lines, double riveting 
[185 to 188], or in three lines treble [189], and also 
as chain and rigzag riveting as illustrated. 

Close and Open Riveting. The whole 
of the proportioning of riveted joints is a 
compromise between the strength of the plate 
left between the rivet holes, and between 
the edges of the holes, and the edges of the 
plates for butt straps, and between the tightness 
of the joint to resist steam or water pressure. 
To lessen the loss of strength consequent on 
making the holes for the rivets, the spacing is 
increased. But for tightness of jointing the 
spacing should be lessened. This explains the 
zig-zag riveting, in which provision is made for 
leaving the plates with the maximum strength 
possible, and close joints, and the I'eason for the 
close and open riveting in 187 and 188. This 
also explains why the spacing for steam boilers 
and vessels subject to hydraulic pressure always 
is closer than that for bridge and girder work. 

The pitch of rivets, p, in the figures is the 
distance between adjacent centres. In no case 
should this be less than enough to leave a space 
equal to the diameter of the rivet between 
adjacent holes, and it is generally more. The 
same rule holds with regard to the width of 
metal loft between the edge of a hole and 
adjacent ed^e of the plate, or the covering 
strap. In zig-zag riveting the di^onal dimen- 
sions must fulfil the same oonditicHis, and no^ 
the spacing between the rows. 
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only is it almost invariably the case 
that power has to l)e transmitled from the 
place whore it is produced to some other pJac;o 
where it is utilised, even within the confines of a 
single factory or works, but it is becoming more 
and more usual to concentrate the generation 
of power at central points and thence to dis- 
tribute it to consumers of all classes within a 
radius which may va^ between a few yards and 
many miles, it is evident, therefore, that means 
must be provided for transmitting the power, 
to suit the very diverse conditions met with. 
The principal methods may be cltissed under the 
following heads : mechanical (shafting and gear- 
ing) ; electrical ; pneumatic ; and hydraulic. 
Steam and gas are also used, though they come 
under a slightly different category. The former 
can be employed only over coinparalivc^ly short 
distances, and is so wasteful that it may be set 
aside at once ; but the latter is excelled only by 
electricity in point of the range covered. 

Shafting. Shafting constitutes the most, 
elementary means of power transmission, some- 
times being the only means, as where the engine 
is coupled direct to the driven machine by a 
piece of shafting, short or long. Ix)comotives, 
steamships, pumping engines, steam-dynamos, 
ventilating fans, and many other kinds of 
machinery are almost invariably constructed in 
this way. and often the counter-shafting in largo 
workshvips is driven directly from the engine. 
Shafting, however, can be economically employed 
only over distances not exceeding al)out 300 ft., 
owing to the friction, torsion, and other dis- 
advantages attending its use. Except in very 
short lengths, it must be perfectly straight, 
and where the power is to bt^ carried round 
a corner, bevel gearing or belts must be em- 
ployed, with the accompanying increased cost 
of instollation and maintenance, and loss of 
power. On the other hand, it is rarely 
economical to drive every individual machine 
in a factory or worksliop by independent means, 
and therefore short lengths of shafting, twdi 
driven by a separate motor (nowadays, almost 
always an electric motor) and driving a number 
of machines, are the general rule. Mild stec^l 
shafts are used, running at speeds usually 
l>etween 100 and 300 revolutions per minute ; 
the principal dimensions, etc., are obtained from 
formulae such as the following : 

Horse-power transmitted : 

HP^y^D^N. 

Diameter of shaft ; 

X HP 




Spaoe between beai ings : 

s = 5 xy IP. 


where HP — the horse-power to be transmitted, 

N - the number of revolutions per 
minute, 

D — the diameter of the steel shaft in 
inch(.‘.s, 

R — the space l>etween bearings, in feet. 

If a wi'onght-iron shaft is used the diamet(*r 
must be increased, for the same horse -power, by 
15 per cent. TJie foregoing values apply to mill 
shafting carrying pulleys for belt driving, (‘tc. 
For jmre transmission of power, without b(*nding 
stresses, lighter shafting may be us(sd. The loss 
of power in friction due to shafting depends 
enormously upon the attention given to the 
bearings, both in erec^tion and in upkticp, and is 
seldom less than 25 per cent, of thf‘ power 
applied, often more than 50 per cent. 

Belting and Pulleys. The most con- 
venient and usual method of taking powcT 
off shafting is by means of kiather belts 
running on pulleys. The pulleys arc preferably 
made in halves, so tliat tliey can easily be 
mounted on the shaft without disturbing th<* 
latter, and are usually made of cast or wi ought 
iron, the latter especially when the pulleys are 
large. Largo numbers of wooden pul’eys are also 
used. The faces of the pulleys arc slightly 
rounded, the greatest diameter being in the 
middle, for use with plain belting, this device 
keeping the belt in position ; but wroiight-iron 
pulleys are often (‘ylindrical, and so are pulleys 
used with link belting. They are fixed on the 
shaft witli keys, fitting betwe^en a flat filed on the 
shaft and a key-way provided in the boss of the 
pulley, but split pulleys can l>e fixed sufficiently 
tightly, as a rule, by means of the bolts which 
hold the halves together, without the use of keys. 
The ratio of the (hameters of driving and diiven 
pulleys should not exceed 6:1, and the distance 
between centres sliould be such that the arc of 
contact of the l)elt on the smaller pulley is never 
less than 150 degrees, greater if possible. 
Vertical or steeply inclined belts should be 
avoided. 

Theory of Power Transmission by 
Belting. Leather belting is most commonly 
used, though cotton belting is also very satis- 
factory. Single leather belts are about 0*25 in. 
thick, and the width varices according to the power 
transmitted. The speed of the belt, which is 
pracjtically equal to that of the pulley rim, is an 
important facdor, as the liigher it is the greater 
is the power that can be transmitted. A limit, 
Ls set to this, however, by the action of centri- 
fugal force, which renders it undesirable to 
tmiploy a speed higher than 6, OCX) ft. pex 
minute. When the power is greater than can 
be dealt with by means of a single belt,, a double 
belt is used, about 0*4 in. thick. Still stronger 
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lx5lt» are made up of leather links, laid on edge 
side by side, and joined together with steel pins, 
which act os hinges. The ppwer transmitted 
is proportional to the difference in Umsiou 
between the two sides of the belt, and the tight 
side is generally subject to about twice the 
tension of the slack side. The weakest part of a 
belt is the joint ; allowing for this, the safe 
working tension in the tight side is 300 lb. per 
square inch of cross section, and the useful pull 
transmitted is 150 lb. per square inch, or 37*5 lb. 
per inch of width of a single belt, and 00 lb. in the 
case of a double one. The following formula* 
apply to single and double leatheu* l)elts, of 0*25 
and 0*4 in. thickness respectively : 

Horse-power transmitted by bt‘Us : 

"IWI 

where W — width of belt in inches, 

D — diameter of pulley in inches, 

N ~ niiinlier of revolutions of the same 
pulley per minute. 

The velocity of the belt is given by the formula; 

V - 0*20 X 1)N 

where V velocity in feet per minute. 


'Dius a single rope may transmit as much as 
75-horse power, and by placing 20 ropes side 
by side, 1,600-horse power may readily be dealt 
with, a power which would require an unwieldy 
leather belt if such were used. Ropes are more 
efficient than belts, but the latter have the ad- 
vantage that they can be used to transmit power 
between shafts which are not parallel with one 
another, and can readily he taken off or moved 
from one pulley to another ; this operation is 
frequently necessary in the case of the belts 
used to drive individual machines, the bolt 
resting on an idle or “ loose ” pulley when the 
machine is at rest, and being transferred to 
the working or “ fast ” pulley when it is desired 
to use the machine. Hence, although ropes 
may be employed to drive the shafting in a 
mill or factory, lielts are almost invariably 
used to take the powder off the shafts for the 
maclunos. 

Power Tranamis^ion by Gearing. 

Where a shaft is required to drive another at a 
different speed, the two being close together, 
toothed gearing is often used. In this case 
€‘ach shaft carries a wheel provided with teeth 
round its circumference, the teeth of one wheel 
engaging with those of the other and driving 


be taken as approximately equal to that of a double 
leather belt. Cotton belts come lietwecm single and 
double leather belts in point of strength. It must, 
be added that different thicknc^sscs can ho obtained 
in each case, and the foregoing formuhe strictly 
apply only to the average values ; differences in 
the ratios of tensions in the two sides of the belt, 
in the arc of contact, etc., also enter largely into 
the determination of the safe load of a belt. 


Rope Driving. For heavy drives cotton 
ropes are frc^quently preferred to belts. These are 
generally from 1 in. to 2 in. in diameter, and the 
pulleys are provided with grooved rims, each rope 
running in a separate groove. The sides of the 
grooves are inclined tow^ards one another at an 
angle of about 45'^, so as to grip the rope firmly, 
without allowing it to toucli the bottom of the 
groove. The working tension is about the same 
as with leather belts — namely, 3001b, per square 
iniii (of the circumscribing circle), but the tension 
in the slack side is less than half that in the tight 
side, so that the power transmitted per square 
inch is greater. The usual speed is about 5,000 ft. 
per minute, and the diameter of the smaller 
pulley should not he less than 30 times the 
diameter of the rope. Assuming the ratio 
of tlie tensions in the two sides of the rope to 
be 5 ; 1, and the speed in the neighbourhood 
of 5,000 ft. per minute, and allowing for centri- 
fugal force, t he following formula gives the horse- 
power transmitted by each rope ; 


Horse-j)ow’or transmitted: HP 


where d -- diameter of circumscribing circle of 
rope, in inches, 

D = diameter of pulley, in inches, 

N •= number of revolutions of the same 
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»iiu suiiiis III wie inverse ratio oi uie iiumoers 
of teeth on the rcsptwtive wheels, the smaller 
wheel running faster. The shape of the teeth 
is carefully designed so that they roll upon one 
another wit.h the minimum of friction ; they are 
cither cast with the wheel, which may be of cast 
iron or steel, or are cut out of the solid rim 
w hen the best results arc desired. Gear whei^ls 
an* almost invariably noisy, however well they 
are fitted together ; sometimes one of the wheels 
is made of raw hide to diminish the noise, or the 
teeth are made of helical shape for this purpose*. 
Obviously, gear wheels cannot be used with 
lidvantago to transmit power over a distance 
exceeding a few feet, and in this respect they 
are inferior to belts and rojies. They are very 
useful, however, for driving shafts which form 
an angle with one nnoth(*r, the gear wheels, 
w hioh are then called bevel wheels^ being made 
of conical shape ; they can also be used for 
fairly high speed ratios, and have the advantage 
of great compactness. 

Worm Gears. For excessively high « 
ratios, such as 30 : 1, worm gear is often 
This consists of a toothed wheel driven by a 
“ w orm,” the latter being a single turn of a screw- 
thread, the pitch of which is equal to that of the 
teeth of the gear wheel ; thus one revolution of 
the worm causes the wheel to advance one tooth. 
Owing to the sliding friction between the worm 
and the teeth, it is absolutely necessary that they 
shall be thoroughly well lubricated in order to 
reduce the loss of power, and for this reason worm 
gear should always be immersed in an oil bath. 
It is rarely used for transmitting large powers. 

Chain Driving. Another positive driving 
device is the chain and sprocket-wheel, the most 
common illustration of which is the driving gear 
of bicycles ; but the latter as or^arily made is 
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inforior to the RenolcL “silent” chain, which 
drives on the flanks of the teeth instead of against 
the roots, and automatically adapts itself to the 
teeth as wear takes place. 

Friction Gearing. Omitting the teeth 
from the circumference of gear wheels, and press- 
ing the two smooth wheels together, we obtain 
friction gearing ; this is sometimes used for trans- 
mitting small }>owers, and has the advantage 
that it is noiseless, and will slip ratlier than break 
when overloaded. Preferably the gear eonsistiS 
of a wheel built of paper or leather discs com- 
pressed between two plates of iron, working 
against a cylindrical cast-irtm pulk^. Unfor- 
tunately, considerable pressure is thrown on 
the bearings by this gear, and oil accidentally 
dropped on it immediately causes slipping. 

All the foregoing methods are available for use 
in works and machines, and their efficiencies ate 
all of the same ord<T — about 90 i)er cent. — 
but in the case of worm and chain gearing as 
ordinarily used, the efficiency may be much lower ; 
in fact, 90 per cent, is attainable with these g(‘arH 
only under exceptionally favourable c'onditions. 

Wire-rope Driving. When power is 
to be transmitted to a distance exceeding the 
limits of a factory, different methods must 
be used. The one which most nearly resembles 
those di8euss(»d above is that of driving by 
means of wire repes, consisting of steel wires 
stranded together, spliced to form a continuous 
loop, as in cotton n)pe gearing, and passing 
over the driving and driven pulleys, each 
of which usually has only one groove. The 
distance la^tween the driving and driven pulleys 
should not exceed 500 ft. If greater distances are 
U> be covered, successive relays must V)e used, the 
first driven pulley becoming the driver for the 
s('<’ond ro|)e, and so on ; in this cose the inter- 
mediate pulleys have tw'O grooves each. Some- 
times guide pulleys are used to support the 
rofM3 at intervals between the main pulleys. 
By means of ro|M*H 1 in. in diameter, it is possible 
to transmit 300-horse power a distance of half 
a mile with an efficiency of nearly 90 per c^ent., 
the relays being five in number, and the rope 
running at 4,000 ft. per minute. 

electrical Power. When distances exceed 
3(K) ft., however, it is far l)etter to u<lopt one 
of the methods mentioned on a previous page 
— namely, electrical, pneumatic, or hydraulic 
transmission. Of these, electrical transmission 
is disciisse 1 in the course on Electricity. It 
will suffice here, therefore, to mention its 
advantages for power transmission. Of these, 
the mostim]:)ortant are high efficiency ; extreme 
flexibility, for the power can be transmitted to 
any distance de^ir^, and used in any suitable 
manner, while in driving workshops the shafting 
may be divided up into sections of any length ; 
individual machines may lx? driven separately ; 
any part of the w^orks may be run indc}H'ndently 
of the rest ; the buildings need not l)e laid out te 
suit shafting, and need not be so substantial, 
iind any machine may be run or stopped without 
interfering with any other, or requiring long 
shafts to be driven ; light is available as well as 
power ; energy can b(^ stored in batteries as a 


reserve, or to steady the load on fho generating 
plant, and thus economise coal ; there are no 
moving belts, ropes, or shafts in the apace l)etween 
the driver an^ the machine driven ; and not 
least, without dwelling on other additional 
advantages, with electricity it is possible to 
keep a close watch on the |)erformiUice of eveiy 
part of the plant, and a.t once to note any falling- 
ofT in its efficiency. For transmitting power from 
a central point to a number of indcjjcndent 
consumei’s, elecdricity is unrivalled, its high 
efficiency and flexibility being unique for this 
purpose, and there is no limit to the amount of 
power that may be transmitted by a single line. 
Withal, it is now possible to supply electricity in 
many places at a price which competes favourably 
with that of any other power 

Pneumatic Power. Pneumatic power 
transmission possesses many advantageous 
features, accompanied, however, with cerlain 
inherent disadvantages. The lat t cr have rendered 
it unsuitable for distributing pow( r on a large* 
scale, or transmitting it over great distances, 
though l>cfore the development of electrical 
transmission it was widely used. In this system, 
air is compressed by steam or oth<'r power- 
generating plant to a high pressure, and is 
transmitted through j)ipes to the place when* 
the power is required, and there passed through 
air motors or other ma(*hines giving out mecha- 
nical power.' '^riie great diflicultics met with in 
utilising air in this way an* due to th<^ heating of 
the air during (compression, and to thi*, converse* 
phenomenon — th(^ cooling of the air during 
expansion. Each of these characteristics leads to 
a serious loss of power. The at*!/ of compressing 
air or any other gas is necessarily accompanied 
by the evolution of heat, by reason of the work 
done on the gas. If the air thus heated were at 
once supplied to the air motor, losing but little 
heat on the wav. it would be cooled to a corre- 
sponding extent during expansion, and discharged 
at a tempt^raturc not much below that of the 
atmosphere, the loss due to heating being then 
inconsiderable. 

Compressing the Air. The air is usually 
compressed by compound steam engines, and 
in order to rt^duce tlie loss of f lower due 
to heating the compressed air, the compression 
is divided into two stage's, the air Inking 
partially ('om pressed, then passed through a 
cooling apparatus, and again compressed. By 
this moans the temperature at whicb the air 
leaves the compressor is reduced. On the other 
hand, the expansion of the air in the motor 
produces very low temjicratures, causing the 
moisture in the air to be deposited in the form of 
snow and ice in the exhaust passage's. 'J'his is 
remedied by heating the air before it enters the 
motor, with surprising results, for the output is 
enormously incrc'ascd, and it may bo taken that 
reheating in (his way is practically indispensable 
to high efficiency in pneumatic power transmis- 
sion. Under the b<^t oomlitions, the efficiency 
may be as high as 80 {Jer cent., apart from the 
loss in the transmission line, which will absorb 
about 5 per cent, of the power per mile ; under 
bad conditions the efficiency may ho as low as 
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30 per cent. When the air pressure is very high, Hydraulic Power. For many purposes, 
as in the case of torpedo charging, four-stage water pumi>ed through pipes under great 
compressars are used, raising the pressure to pressure forms a most convenient means of 
1 .430 lb. per square inch. For ordinary purposes transmitting power, this system i>ossessing 
the pressure is from 40 lb. to 100 lb. per square certain advantages peculiar to itself. The 
inch, generally about 75 lb. source of energy is generally a steam engine, 

uses of Compreased' Air. Although driving pumps, and thus feeding water into the 

compressed air can readily be used as above pipes at a pressure ranging from 50 lb. per square 

described in motors similar in principle to inch (as m town supply) to 1,120 lb., or half a ton, 

steam engines, giving continuous rotational P^r square inch. In the former (low-pressure) 

motion to a shaft, it is far more generally case the water is pumped up into elevated 

employed in simple reciprocating apparatus, reservoirs, whence it is drawn as required, the 

for driving which it is admirably adapted, though pressure depending simply on the height of the 

the efficiency is not more than 40 per cent., as it reservoir above the point where the water is used, 

is not usually convenient to reheat the air in In the latter (high-pressure) case, the system 

these cases. One of the most important uses of is provided with accumulators, in which a quan- 

the svstoin is the driving of rock drills in quarries, tity of water is maintained under the full pressure 

mines, and tunnels, and for coal-mining. The by means of weights attached to a piston working 

drill consists of a cylinder in which a piston ^n a cylinder in communication with the pipes, 

oscillates, l>oing controlled automatically by the When the pump supply is in excess of the re- 

compressed air, and carrying a drill which strikes quirements of the moment, the surplus water 

rapid blows on the rock. The air exhausted from into the ac'cumulator, raising the piston, and 

the drill helps to ventilate mine workings. The when the demand is in excess of the supply, the 
system has l>cen applied to drilling and caulking loaded piston descends, forcing the w'ater through 
iron and steel, riveting, pneumatic lifts for fhe pipes, and thus assisting the pumps, 

placing heavy work in position in lathes, etc., Anvantagea of Hydraulic Power, 
in many factories. In Paris, the Popp system Facility of storage is one of the chief od- 

of driving clocks pneumatically has worked well vantages of hytlraulic power transmission, 

for many years. The clocks, which are merely as it enables the engines to run almost eon- 

dials, with hands worked pneumatically, are in- ^tantly loaded, while maintaining a uniform 

si ailed over a large portion of the city. Passenger pressure in the mains. Only small powers are 

and goods elevatoi's are som<dim(‘s driven by gupplied at low pressures thc^ h(ught of the 

pneumatic power, and parcels arc blown througli reservoirs not usually exceeding 100 ft. ; but in 

tubes to considerable distances, as in the under- pressure systems, such as those installed for 

ground telegraph system in Paris. One of the most public supply m London, Manchesto and Glas- 

common uses of compressed air is in the operation gow, large powers are conveyed with small 

of the brakes of railway trains [see j)age 4090 J. Air <|uantities of water. The losses in transmission 

compressed to very high pressures— up to 4,000 lb. through friction in the pipes may be estimated 

per square inch — can lie stored in steel cylinders, at 5 per cent, per mile. The power is converted 

and used U> pro|Xil locomotives and motor-cars, into rotary motion by means of hydraulic 

the nir being supplied through reducing valves, engines, consisting of pistons working in cyliri- 

which lower the pressure to 150 lb. or less, to ders, and controlled by valves acting on the water 

the cylinders of air motors. It will be observed, supply ; owing to the incompressible nature of 

however, that the use of compressed air is dm^ water, such engines cannot be run at high speeds, 

to questions of convenience, not efficiency or and therefore multiplying gear is generally 

economy of power. An important consideration necessary. W\ion the engine is direct acting, 

is the danger of explosion, due to the presence the efficiency is about 85 per cent. ; the use of 

of oil or coal-dust in the air passages, which gearing reduces the efficiency. In engineering 

are ignited by the high temperature of the air. works, bridge construction, shipbuilding, etc., 

Lriauid Air. Liquid air — that is, air hydraulic power is widely used, being unexcelled 

which has been cooled by expansion to a tempera- in convenience and speed for riveting, punching, 

ture so low (minus 192° 0.) that it becomes shearing, and bending. The machines used 

liquid at atmospheric pressure — has been are very efficient and simple, consistiM of little 

sugges ted as a possible moans of power trans- more than pistons and cylinders. For com- 
mission, as it increases in volume 720 times pressing bales of cotton, hay, etc., hydraulic 

in passing from the liquid to the gaseous condi- prc*sse8 are most suitable. In doeWards, 

tion This process, however, involves gain of railway stations, warehouses, etc., hydraulic} 

heat from external sources, su,*h as the atrao- cranes are very common, handling the greatest 

sphere and the apparatus in which it is used, weights, and Iwdraulic lifts are met with almost 

the whole of the work, in fact, being done by this everywhere. Hugo hydraulic forging presses 

absorbed heat. Whether doing work or not, the have largely superseded steam hammers for 

liquid is constantly boiling away, due to the forging heavy iron and steel shafts, etc., while 

inflow of heat, and provision must be made to small hydraulic jacks, worked with hand pumps, 

prevent the pressure of the gas from rising . are the most convenient and powerful portable 

to a dangerous degree. The efficiency of the lifting devices known. It wl be observed 

system would be excessively low, and the danger that slow and intermittent motions are the most 
not inconsiderable. suitable for operation bj hydraulic power. 

Power concln^ ; followed by Prime Movers 
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GLUES AND ADHESIVES 

We can traco back the nse of glue as an jullieaive 
to the times of the ancient Egyptians, who in the 
reign of Thotmes or Thutinosis were certainly 
acquainted with the art of vmeerin ^ — that is to 
pay, coating one piece of wood with a thin layer of 
a more valuable material. In the sculptures of 
'fhebes a workman is represented engaged in this 
work, while another is spreading glue with a brush. 
The pot for the glue is there standing on the fire, 
and a piece of glue with its j>eculiar conchoidal 
(shell-like) fracture. This attests to the use of glue 
by the Egyptians 3,300 years ago (Lambert). 
Besides this, there are plenty of references to glue 
in the liU.*rature of the ancients an<l the Middle 
Ages. 

What is Glue? <diie is an animal product 
obtained from quite an assortment of substances, 
such as skins and other tissues, cartilage, hides, 
bones, fish bladders, fish scales, and all sorts of 
lefuse odds and ends by boiling them down with 
water and suitably purifying the liquor. On cooling, 
it s‘^ts to a stiff jelly, the consistency and colour 
of which will depend on the raw materials and the 
purity of the final product. Glues may bo roughly 
divided into three classes— skin glues, bone glues, 
and fish glues. These will be deaU with in order. 

Gelatine is another product of the snme nature 
AS glue, and may be defined as a very pure, almost 
colourless variety of glue in the manufacture of 
whicii every possible care hius lieen tiiken. The 
distinction between glue and gelatine is not very 
well defined, and the terms are often applied some- 
what promiscuously. The points in which glue 
and gelatine differ are enuncu'ated by Rideal as 
follows: 

“ (ielatine is made in pale, nearly colourless, thin 
sheets, and is used for purposes in which absence of 
taste, odour, and colour, with firmness of jelly and 
easy solubility, are required. 

•Glue, on the other hand, is employed for its 
adliesivcness, stiffness, and elasticity, and is met 
with in the familiar thick and dark sheets.’* 

The mode of manufacture of gelatine is, on the 
whole, similar to that of glue, and we shall therefore 
be content t-o indicate in the p! 0 ]ier place, when 
describing the manufacture of glue, any differeiiees 


III treatment or further precautions which it may 
bo necessary to take. 

Skin Glue. This is obtained from the waste 
pieces of hide, etc., rejected by the tanner, who 
removes those fiortions which are unsuitable for 
conversion into leather, as, for instance, the heads 
and feet of calves and sheep, and wash?, such as 
tail pieces of oxen, ears, clippings, etc. The hidi* <*! 
old animals is said to yield the liest glue. The 
material, or ’ stock,” is" steo|)ed in wixidon vats, 
or cement-lined lime-pits, where tlie hide.s are 
exposed to the action of lime, and water for 
two or three weeks, or longer, according to the 
class of material. A 2 per <‘ent. milk of lime is 
used, and removes any fat adhering to the hide by 
saponifying it (converting it into a lime soap) It 
also swells the tissue, and Ixdps to remove dirt 
and any blood or fleshy siibstanoe remaining 
attached to the bidi's. From time to time during 
the process the skins are raked about so as to 
exjiose fresh surfaces to the action of the lime. 
The cuticle, or miter skin, having been softened by 
this treatment, the hair can morc^ readily lie 
scrawled off. Ai‘l«r this, the hides must be thoroughly 
washed to remove every trace of lime, for which 
purpose it is not unusual to give them a preliminary 
souring with weak hydrochloric arid. ’Phis forms :i 
soluble salt (calcium chloride) with the lime, which 
is easily washed out with wat-er. The washers are 
iirovided with mechanical agitators, which keep the 
hides gently stirred until the operation is complete. 
Tlie, hides are then taken from the washers, pressed 
to remove excess of water, and hung up to dry. 

New Inventions. In some works the use of 
lime has been given up, and a weak solution of soda 
is used instead, with this advantage — that the hides 
arc much more easily washed free from alkali. The 
material is then treated with sulphurous acki solu- 
tion in wooden vessels. This proccas, which we owe 
to Dr. Teme, loosens the skins so that on extraction 
the resulting iiciuors are clear and almost water 
white, and the glue or gelatine has an excellent 
apjicarnuce. 

Where lime is still used, the souring with hydro- 
ehluric acid is likely to be replaced by a new process, 
devised by Francis T. Oakes (United States Patent 
tM)S,2i»3). in which the hides, after washing with 
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\rater, are immereed in a bath oontuining 5 per oent 
ol glucose syrup and 1 pei cent, of sulphur, reckoned 
on the weight of the skins or hides, with the further 
addition of 1 lb. of yeast for every 1,000 lb. of 
.material treated. The bath is heated to a tempera- 
ture of 95 to 100*^ F., and is allowed to stand 
twenty- four hours for fermentation to set in before 
immersing the hides. There is no need to keex» the 
hides in constant motion ; it suffices to stir them 
every hour or so to ensure uniformity of action: 
even heavy bull hides will be freed from lime and 
be loft in a free and open condition at the end of 
eight hours. The process may be made continuous 
by removing half the liquor and adding further 
quantities of glucose, sulphur, and yeast after each 
lot of hides is removed, and before a new pack ” 
is added. 

Extracting the Glue. The hides arc now 
taken to the boiling vat, which consists simply of a 
large open vessel, with a coil of steam-pi|>es under a 
false bottom through which live Hleaiii can be 
forced into the vat. Under this treatment the 
mass of hides gradually sinks down, and the hot 
liquid dissolves out the glue. It must not, however, 
bo supposed that the hides contain glue in the form 
in which we know it. The hot steam brings about 
eheiincal changes in the complex substances of which 
the hides are composed, liberating the glue, which 
dis.solvo8 in the liquor. As the material is gradually 
exhausted, fresh hides arc added, and when the 
liquor is sufficiently concentrated (as shown by 
allowing a little to cool, and testing the firmness of 
the jelly), it is run off, strained through a sieve, and 
allowed to settle in vats for clarilioatioii. There are 
several chemicals which can bt^ used to clear the 
solutions, but potash alum is usually found to work 
best. The liquors must be kept hot all the time by 
apya’opriate steam coils. 

It remains only to concentrate the licjuors suffi- 
ciently, which is most ecoaoinioally effected by 
treat mont in some form of vacuum pan or niultij)le 
effect evaf)oratmg plant. [{See Soda Reeoviiry in 
Paperinnking.J Before going further, we shall 
trace the production of glue from boiii^s to the 
stage we have now reached in treating hides. 

Rone Glue. Bones consist for the most part of 
mineral substances — phosphates and carbonates of 
lime and magnesia — in conjunction witli certain 
organic constituents. These latter yield the glue 
liquor on extracting with hot water, but all boiie.s 
as they reach the glue works also cont>ain a 
certain amount of fat. The |)ercentage both of fat 
and glue will vary with the age of the animal, as the 
bones of older animals contain a larger proportion 
of mineral matter. Thigh bones (marrows) yield 
more fat than heads, ribs, and shoulder-blades. 
On an average, the proportion of fat may be put 
at 17 per cent, to 18 jMjrcent. in the former, and at 
12 per cent, to 13 }>er cent, in the lat ter (T.rfimbert). 
On the other liuiid, the long bones of limbs and 
vertebra) yield les.s glue. The organic matter other 
than fat from which the glue is derived will amount 
to 21 per cent, to 22 per cent. The.so figures refer 
to fresn bones, but those which have already been 
pul to other use, such as soup-making, wiA yield 
much less of both fat and gelatine. 

Desrea»in|S ProcesMS. Removing fat, 
or degreasing^’ the bones, is the first operation, 
and used to be carried out by boiling in an oixxii 
vessel and skimming off the fat. This method was 
subsequently improved upon by heating in a closed 
vessel under pressure (40 lb. to the square inch), and 
the yield of fat (bone grease), a product of cm^ider- 
able value to the soap-maker, was thereby iijpDased* 
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from 6 per cent, to 7^ per cent., but at the sanm 
time a largo proportion of the clue was extracted 
and obtained in admixture with the fat, necessitating 
subsequent separation. In the more modern 
methods the fat is removed by dissolving it out w'ith 
a volatile organic solvent, such as benzene, whereby 
the bones are left in an unaltered state for glue 
extraction, and the fat can be obtained by evaporat- 
ing off the solvent, which is then used over again 
in the next operation. The plant [1] consists of an 
upright boiler or extractor to take five tons of bones, 
which, after sorting and partial crushing, are intro- 
duced tlu’ough a manhole in the top. Solvent is then 
run in. This usually consists of shale spirit or 
petroleum, boiling about 100‘^’ 0., and free from 
the higher boiling constituents, so that it is com- 
pletely volatile at temperatures attainable in the 
distilling apiwiratus — stiy, 135''C. Steam 
{■■■■il is now admitted to steam colls at the 
bottom of the extractor so that the hot 
solvent dissolves the fat ; part of it, 
however, distils away through a pipe at 
the top, carrying with it moisture from 
the bones, and the vapours are led to 
a suitable condenser. As soon as the 
moisture has gone off, the solvent with 
the fat in solution is run off to the dis- 
1 filer, and a fresh quantity of solvent 
is admitted to the extractor. The dis- 
tiller is provided with steam coils, so 
that the contents may be heated and 
the solvent driven over into the con- 
denser. The proccHH may be repeated 
throe or four times, when practically all 
the fat will have been extracted. There 
i‘emains to ))fe recovered only a portion of 
the solvent still adhering to the bones, for 
which purpose live steam under 70 lb. or 
80 lb. pressure is driven through the 
mass, carrying tlie solvent with it away 
to the condenser. Under the condenser 
is the separating tank, where the liglit 
solvent is drawn off from the aqueous 
liquor into the storage tank for use over 
again. 

Cleansing Process. The de- 
greased bones, which will not retain 
more than '2 jwr cent, of fat, are re- 
moved from the extractor, and put 
through a slowly revolving drum built 
horizontally. The drum is made of 
stout wire gauze of wide mesh, and os 
the bones pass down, any pieces of 
foreign matter, dirt, etc., drop out, and 
are eliminated, while the purified do- 
3. OLUE greased bones, containing 5 per cent, or 
TESTER 1^** cent, of nitrogen in a form remo va ble 

as glue, imss on to tne glue- boiling process. 

Boiling Process, 'riiis process is similar to 
that used in treating hides and is carried on in a 
large steel boiler [2J provided with a manhole at the 
lop for introducing the raw material, and another 
at the bottom for withdrawing the exhausted 
materml. As the extraction is carried out by live 
steam under pressure the boilers must be somewhat 
differently constructed from those used for treating 
hides, 'nio live steam enters at the base and is 
distributed under a false bottom, on which the bones 
rest, and may bo blown off from a pipe leaving the 
boiler at the top. 

The pressure is allowed to rise to 16 lb., at which 
it is maintained for a couple of hours, when it is 
reduc'cd to 6 lb. It is found that lowering the 
firessure causes the glue which has formed in the 



piccefl of bone to come to the rturface (I^iiabert). 

When the extraction is complete the bones arc 
washed down with water from a sprinkler in the 
toj» of the boiler and the liquor is run off. Tlie bones 
yield about 40 per cent, of their weight of glue us 
the result of double extraction ; only a very small 
amount — about 4 per cent, — ren\ains in the bones: 

Clarification and Concentration of 
Liquors. As the glue-liquors leave the boiler 
they have a concentration of about 20 }>er rent., 
hut they require to be further evaporated so that on 
I’ooiing they solidify to a firm jelly of such con- 
sistency that it can be conveniently handled — 
that is, moulded, cut ii]), and dried. Previous to 
concentration, the liquors are hoatc-d with sulphate 
of alumina or alum in the same manner as the 
extract from hides were in the clarifying vat. Ahout 
one half j)er cent, of alum is required, reckoned on 
the dry weight of the glue, and the liquors are 
heated to boiling for ten miriut<‘s by means of live 
steam. On standing, the heavy im- 
purities settle to the bottom, and the 
lighter ones remain as a scum upon the 
surface and are removed by filtration 
through gauze of fine mesh or coarse 
calico. 

If, however, tlie glue-liquors have 
h(‘en prepanul from sound “stock” and 
projierly cured, the first run of liquor 
comes away in a praetic^ally clear con- 
dilion from the boilers. A large and 
relatively shallow vat is all that is 
necessary for elarifieation. The liquors 
are run into the vat and given sufficient 
time to allow the heavy impurities to 
settle out. The liquors from subsequent 
extractions are usually muddy, and 
instead of attempting to clarify them, 
it is the custom of some manufacturers 
to incor|K)rate with them sulistances 
such as zinc white or barytes to pro- 
duce the so-called “ Russian glues.” 

Tn the pre^mration and eoncentra- 
tion of glue-liquors, an apparatus [3 
and 4 ] is much. in use for ascertaining 
the iiercentage of glue in the liquors. 

'J'his gliK'-tester [8] is a form of hydro- 
meter [see- Physics I, with a eomperi- 
sating thermometer made in one piece. 

To find the ]K*r<^entage of glue t he instru- 
iueiit is immersed in the liquor and the 
reading taken at the point where the 
stem rises above the surface. The figure 
so obt-iiined is eorrecled for teiujiera- 
tiire by a reading of the tberiiiometer 
scale on the hack of the stem and shown on some- 
what magnified scale in 4 . Thus, supposing the 
instrument sank to the mark 25 on the large Cflj,(pO f 474^0 + 4SO., --- -P 2(^aUo(S().,)o 

scale, it would be necessary to subtract 7*7, Insolulile lione Water Sulphur Bolu hie calcium Soliihic cahn'iinr 
thus 25 - 7*7 = 17 3, which gives the ])er- material dioxide phosphate hisulphiLe 
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gelatine, where freedom from colour is due to 
careful seteotion of raw material and precautions 
which have been taken in the process of manu- 
facture. 

Tn any case, sulphurous acid is almost universally 
emjiloyed ; more active bleaching agents are out 
of the question, as they would attack and destroy 
the glue. 

Bleaching fiowder has been used in Germany, 
but the operation has to be most carefully watchecl 
and stopjied at the right stage to prevent sfioiling 
f.he glue. Residues of bleach remaining in the 
liquors necessitate the addition of an anti-ehlor 
such as sodium sulphite. Siilfihuroiis acid is made 
by burning sulphur in sjieeial furnaces [.see Acids 
and Alkalies, pages 4()25 and 4770]. The gas is 
passed through the glue-liquors contained in tanks 
kept hot by suitable steam coils. 

Sulphurous Acid Process. Tnthemanu- 
faeture of high-class glues and gelatines the bones 
may be treated with acid before extracting the glue. 
In tlie older processes for the manufacture of 
gelatine from bones they were immersed in hydro- 
chloric acid a sufficient time to dissolve out the 
calcium phosphate and other mineral matter, and, 
after being thoroughly washed, were hleaclied by 
immersion in siilphtirous acid liquor. The two 
O|ierations are now frequently combined in one. 
The air-dry bones (Knglish Patent 2175, 181)4) are 
exposed to tlie action of sulphur dioxide for a 
long time in closed vessels until they have taken 
up some if) to 12 jKTeent. of their weight of the gas. 
Bones that are too dry must first he moistened. 
The cliemical reaction that ensues may bo thus 
represented : 

Ca..,(P()J., H SO, I H,0 - 2(^iHP0, 1 CaSO, 

Insoluble Sulphur Water Acid calcium lusoluhle 
hone (lioxiiht phosphate calciuiu 

material sulphite Uri 

sediiueut 

The calcium phosphati\ wdiieh is soluble in weak acid, 
may l>e removed by leaching, leaving the glue mass 
intact. The bones, which have become brittle, 
are easily extracted, leaving the calcium sulphite 
as a sediment. The glue- liquors have an ackl 
reaction, ami are somewhat muddy. Treatment 
with lime, however, clears them and neutralises 
the arid. 

This process is suited to bones which have not 
been degreased, as the fat separating from the 
glue-liquors rises clear from the hot liquor. 

A modification of this method is worked in 
Germany. After treating with sulphur dioxide, 
the bones are B])rinkled with water and re-treateil 
under a pressure of I J to 2 atmospheres at the 
ordinary temi»erature in lead-lined digesters. The 
ealeium sulphite is thereby converted into bisul- 
phite. 


eentage of glue straight away. 

The concentration is best carried out in a double 
effect vacuum evaporator. (We cannot go into 
the working of this plant here, but it is de- 
scribed under Pat^ermaking, where it is used for 
concentrating caustic liquors.) By this means 
our liquors will now have a dry glue content of 
32 to 85 jaw i^ent., according to the time of year. 
As the consistency of the jelly is affected by the 
temperature a more eoiicontrated liquor is required 
in summer than in w inter. 

bleaching. The concentrate<l liquors are 
often bleached at this stage to improve tlio colour, 
but the product has not the qualiti<5.s of a good class 


Thus, both this and the acid phosphate may be ex- 
tracted with water leaving the pure glue mass behind. 

When extracting gelatine, to preserve a good 
colour the temperature of the liquor should not 
l>c allowed to rise above 85*^ C. Some of the best 
gelatine is clarified with albumen, such as blooil or 
white of egg, in the place of alum. 

Moulding and Cutting. The clarified, 
concentrated, and bleached licpiors are jellied by 
pouring into moulds orcooling-boxcs,inadcof strong 
sheet zinc, so that largo flat cakes are obtained 
five or six inches thick, or the liquor is run on to 
glass tables the surfaces of which are kept cool by a 
current of cold water underneath. 
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The blockR of jolly are out into small slabs by 
wire cutting frames similar to those used in making 
wire-cut bricks or soap-slabbing machines. Either 
the block of jelly is put in a box, the sides of which 
are provided with a numlnsr of slots so that a wire 
fixed on a frame like a fretsaw may be passed down 
thi’ough the blo(!k and guided by the slots on each 
side, or else the block may be cut up into the oorreet 
nunilier of slabs in one o|)eration by forcing it against 
a frame across wliich wires are stretched at suitable 
intervals. In another machine the block of jelly 
is carried forward on an endless belt and sliced 

by n number of fixed wires which are 

set diagonally to the cutting plane, 
and therefore at some distance apart, 

HO that one slice only i.s cut at a 
time. It is claimed that by this 
means a regular and uniform action 
is ensured with less strain on the 
wires, which consequently last longer. 

In Hewitt’s process a hollow steel 
cylinder revolves slowly, just dipping 
into a trough containiiig the glue- 
liqiior. A current of cooled brine 6. kjedahl 
is drawn through the cylinder, and flask 
the flow of brine and the HTK*ed of the 
eyliiidor adjusted so that the layer of glue adhering 
to the surface of the cylinder solidifies in less than 
one revolution, and the firm jelly is wound off in 
the form of an endless ribbon, which then jmssc's 
to an a]»propriate machine which cuts it into pieces 
of suitable size. 

In some (jountrkjs the rooms in which glue-liquors 
are solidified have to be cooled in the hot weather. 
This is best effected by y>ipe8 running along the 
ceiling and carrying cooled brine, [See Food 
Preservation.] 

Drying. This is one of fhe most delicate 
0 |wrations in glue-making, ami is subject to all sorts 
of difficulties. I’or some reason or another thumler 
in the air is said to exert an especially harmful 
influence, and to spoil whole batches of glue. No 
explanation has been offered beyond (he suggestion 
that the effeet is possibly du(* to the ozone pi odii<-ed 
in stormy we.'ither. 

The glue must not be diied too slowly, or the 
“ bacillus subtilis,” which lias the power of liquefy- 
ing glue, may get a foothold, and all sorts of other 
bacteria and moulds will develop. 

From this it will be seen tliat the old-fashioned 
mode of drying glue in the open could be carried on 
only at certain times of the year, and in certain 
weathers, and even then with very uncertain 
results. 

Modern Methods. At the present day glue is 
dried generally in tunnel dryers. The sheets of glue 
are placed on netting (preferably wire netting, as the 
cotton threads often used are a breeding ground 
for baideria), and stretched on frames which are 
piled in stacks in a small waggon made to run 
on narrow rails through the tunnel. The tunnel 
may be six or eight feet broad and high and 250 ft. 
long ; it is usually lugged to minimise the influence 
of the temperatures of the surrounding air. A 
current of air is drawn through the tunnel, the 
temperature of which must be carefullv regulated, 
as the melting point of the undried jelly will often 
not exceed 2o^ C. It will therefore be necessary 
in hot weather to cool the air in a refrigerator 
before allowing it to enter the tunnel, otherwise 
the gluo will melt and tend to run through the nets. 
On the other hand, the drying must not be too 
rapid, or a tough film will b«s formed on the 
outside, offering a hairier to further djg^g of 
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the interior, and preventing gradual and re^tlar 
contraction of the mass. This skin imprisons 
numerous bubbles or air syiaces, producing an 
unsightly appearance and diminishing the value 
of the finished glue. 

As a further precaution against putrefaction, 
the air drawn through the tunnel dryers may be 
charged with small quantities of chlorine or sulphur 
dioxide gases. 

Fish Glue. The purest form of fish glue, or 
“ isinglass, is obtained from the floating 
bladders of various syiecics of fish, especially the 
sturgeon. The bladders are cut up into strips 
and softened in hot water until the muscular outer 
coat can be striiqied off. I’he residue is freed 
from fat, blood, and other impurities, and after 
drying in the air, forms the raw imitorial for glue 
extraction. In addition to this, a considerable 
quantity of inferior strong-smelling glue is ex- 
tracted from the “ offal,” which is first subjected 
to a preliminary washing and then extracted in 
digesters with live steam in a manner already 
described in the treatment of bones. It is obtained 
in the form of a light brown viscous liquid, with an 
offensive odour. Many of the liquid “ fish glues ” 
sold consist of ordinary bone or hide glue chemi- 
cally treated so that it remains licpiid even when 
in a concentrated state. 

” Fibrin gluo ” is another form of animal gluo 
obtained from blood, and there are various “ arti- 
ficial isinglass ” or isinglass substitutes on the 
market which, according to Krueger, are prepared 
from the intestines or bladders of sheep and goats. 


Chemical Composition. Now that we 
have traced the manufacture of gluo from different 
raw materials, let us look a little more closely into 
the chemical nature of the products. I’he trade 
draws a distinction between bone glue and hide 
glue, and there are certain choinical tests which 
help us to idimtify them. On burning a piece of 
glue a. voluminous coal-liko residue is obtained, 
which, on moistening from time to time with am- 



monium nitrate solu- 
tion, and relioatiiig, 
can be burnt away, 
leaving nothing but 
the inin(*ral matter 
originally contained in 
the glue in the form 
of ash. The quantity 
•btained from a pro- 
])erly i)rei)arod glue or 
gelatine is very small, 
not exceeding two or 
three per cent. Bono 
glue yields a fusible 
ash of neutral re- 
action, consisting 
of the phos])hates 
.and chlorides of 
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oalciuin and mag- 
nesium; these 


element-s may therefore be detected in a solution of 
the residue ny the ordinary chemical reactions [see 
Analytical Chemistry, page 4407]. The ash of 
hide glues does not fuse so easily, and consist .s 
of caustic lime, probably arising from lime used 
in the process of “ liming ” the skins. 

But whatever its origin, glue is composed mainly 
of two nitrogenous substances, gliitiu ” and 
“chondrin,” closely resembling one another in 
appearance and properties. In chemical composi- 
tion, too, there is scarcely anything to distinguisli 
them, both containing 60 per cent, of carbon and 



6*6 to 6*7 per cent, of hydrogen. Glutin, however, 
contaiuB more nitrogen, 18*5 per cent, as against 
14*5 per cent, in chondrin, the remainder in both 
cases being oxygen. The adhesive properties are 
attributed to glutin and, althongh both gUitin and 
chondrin form jellies, the latter forms the firmer 
of the two. If this be so, glutin shotild be the 
main constituent of a ^luc for adhesive purposes, 
and chondrin whore high gelatinising power is 
required, as in the preparation of table jellies. 

»mall quantities of acids, alum, lead acetate, 
etc., precipitate chondrin from an aqueoua solution,, 
while solutions of glutin are not so precipitated. 

Chemical Reactioaa. One of the most 
characteristic reactions of a glue or gelatine solution 
is obtained on adding a little solution of tannic 
acid, whereby a white, flocculent precipitate of 
tannate of glutin is obtained, which is soluble in 
alkalies. On drying it forms a hard, brittle mass. 

Attempts have ^n made to estimate glue by 
precipitating it with a tannin solution and weighing 
the preemitate, or by adding a known excess of 
tannin, mteri^ off the precipitate, and determin- 
ing the tannin in the filtrate. The precipitate, 
when thoroughly washed with hot water and dried 
at 105® C., is said to contain approximately 42*7 per 
cent, of glutin. But the nitrogenous matters in glue 
consist of other substances besides glutin, and in- 
clude chondrin, albuminoses, and peptones, some of 
which are of little or no value ; mdeed, peptones 
actually detract from the value of glue. AU of thoHc 
are precipitated with tannic acid, and would, there- 
fore, be reckoned as glutin in an analysis made in the 
above manner. When it is further remembered 
that “ over boiling ” detracts from the value of a 
glue, and that solution allowed to cool and 
remelted has not the same tenacity as a freshly 
prepared solution” (Lamlwrt), probably owing to 
the formation of peptones, the need for a test 
which will discriminate between glutin and the 
peptones formed by its decomposition is all the 
more evident. On the other hand, it is said to lie 
a distinct advantage to use glue which has been 
dried down and dissolved up again 
for sizing paper. 

The determination of the jw- 
centage of nitrogen, best effected 
by Kjedahl’s method, also fails to 
discriminate between glutin and 
other nitrogenous substances, al- 
though this test is of considerable 
value in estimating the percentage 
of glue in nonnitrogenous sub- 
stances generally. 

Eatimation. Or- 
ganic substances containing nitro- 
gen (as albinnens or proteids) are 
completely decomposed when di- 
gest^ with hot strong sulphuric 
acid. The nitrogen jmsses into the 
form of ammonia and remains, in 
combination with sulphuric acid, 
as ammonium sulphate. An ac- 
curately weighed quantity — say, one g, uppowm 
gramme or more — is placed in a flask shot test 

rS] with a capacitj^ of two or three 
hundred eubic centimetres and a 
measured quantity of strong sul- 
phuric acid is added. The acid need be measured 
only roughly, and 10 or 20 c.c. will suffice. The 
fiask is heat^ with a small flame and much sul- 
phur dioxide gas is evolved. Fig. 6 illiistrates the 
process of heating three such flasKs. At this stage 
the contents may have a tendency to foam over 
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and must be carefully watched. Then add 4 grammes 
(approximately) of sodium sulphate for every 
10 c.c. of sulphuric acid taken, and heat up the 
flask, so that the contents just boU. The addition 
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KJEDAHL DISTILLATION APPARATUS 

of sodium sulphate will allow a higher temperature 
to be reachea than would otherwise be the case, 
and the reaction being more ener^tic proceeds 
faster. The charred mass gradually changes to 
dark brown, then yellow, and finally colourless 
liquid in the course of two or tliree hours. After 
cooling, dilute with water and distil off the am- 
monia with caustic soda, collecting in an excess of 
standard acid. This method is very extensively 
used, for instance, by the physiological chemists and 
all who require to analyse orj^anic products con- 
taining nitrogen, such as gelatmc, glue, etc. Thus 
it may be applied to determine the amount of 
gelatine in (tub-sized) paper or the percental 
of albuminoids in cattle food, etc. [see Cntnc 
FockIh]. It is often necessary to make 
several analyses at the same time, when the 
apparatus shown in 7 will be found suitable. 

olank Determinations. Should 
cither the sulphuric acid or sodium sul- 
phate happen to contain any ammonium 
salt the calculated result will give too high 
a value, as this and any other nitrogenous! 
matter will be reckoned as con- 
tained in the substance analysed. 
It is usual to make a “ blank ” 
estimation, which is carried out in 
exactly tlie same manner as the 
foregoing, using the same quantities 
of reagents, heating the same length 
of time, etc., but without adding 
any of the substance to be tested. 
If the titration shows that some 
of the standard acid in the flask 
has been neutralised, the calculated 
amount of nitrogen must be de- 
ducted from the total nitrogen 
found. Should the blank experi- 
ment show a considerable per- 
centage of ammonia distilled over, 
there is something seriously wrong, Either some 
alkali has been caiTied over or the reagents are 
impure, and the analyses must be repeats. 

^nc Sulphate Method. Trotman and 
Haokford recently claim to have solved the problem 
** and to have shown that good and bad glues may 
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be ohemioelly differentiated by means ot the ratio 
between total nitrogen and nitrogen in substances 
precipitated by zinc sulphate, and that any careless- 
ness m manufacture which increases the quantity of 
nitrogen incapable of such precipitation decreases 
to a corresponding extent the value of the finished 
glue.*’ The method is carried out as follows: 
One gramme of finely powdered clue is dissolved in 
not more than 20 c.o. of water. To the hot solution 
crystals of zinc sulphate are added in excess to 
saturate the liquid. It is then well stirred with a 
glass rod and filtered through a funnel containing 
a plug of class- wool forcea into the stem and 
washed wiui saturated zinc sulphate solution. 
The glass-wool and precipitate are then introduced 
into a Kjedahl fiask and the nitrogen is estimated 
in the usual maimer. 

Glue is best dissolved by first allowing it to stand 
overnight in cold water, which causes it to swell 
greatly, and then pouring off the water and dis- 
solving in a fresh quantity of hot water. The glue- 
)X)t should not be heated over a free fire, as lumps 
of partially dissolved material may stick to the 
bottom, and char, but the vessel containing the glue 
should be placed inside a larger vessel containing 
the hot water. Prolonged heating injures the glue, 
detracting from its consistency, and increasing the 
tendency to foaming, both effects, according to 
'JVotman and Haokmrd, being due to formation 
of peptones. A glue which foams badly is of little 
use in making joints, especially when applied by 
means of a rotary brash, os the air- bubbles spoil 
the joint; in dressing fabrics a glue of this sort 
produces an uneven deposit. I’o test the tendency 
of a glue to foam, 25 c.c. of a 10 per cent, solution 
is YX)urcd into a graduated tube 70 cm. long, having 
a cai)acity of 70 c.c., and warmed in a w^ter batp 
to 00° C. The tube is then corked and vigorously 
shaken. The height of the foam, terrned the 
“ foam figure,” is read off, and on compat*ing ^ 
number of samples in this manner their relative 
value may be ascertained. 

Consistency. It should be remembered that 
most glue tests are only rdative, and to obtain 
results of value one sample must bo taken as a 
standard by which U) compare the others. This con- 
sideration applies to tests of consistency or strength 
of a glue jelly. Equal quantities of the glue samples 
are weighed out, and 10 per cent, jellies peparod. 
It is as well to weight the swollen glue that has stood 
in water overnight. As a general rule the l)etter 
the glue the more water it takes up. The consistency 
of the 10 per cent, jellies may be compared by 
p!*essing them gently with the finger tips. Not- 
withstanding the “ personal equation,” different 
])ersons will usually ^ade the fellies in the same 
order. 

Lippowitz applies the test in a different manner. 
Five parts of glue are dissolved in 46 parts of water, 
and tne liquid ix>ured into a cylinder [ 8 ], allowed to 
cool, and to stand twelve hours. A cup is fixed to a 
metal rod provided at the lower end with a button 
shaped like a bolt head, which rests on the top of the 
jelly, and the rod passes through a guide fixed to 
the top of the cylinder. Shot is poured into the 
cup until the bottom end of the rod ruptures the 
Hunace of the jelly. 

Tenacity. No satisfactory method has yet been 
devised for testing the tenacity of glues. Weiden- 
busch woiks up p»wdered gypsum with a 10 per 
cent, solution sligntly warmed, and moulds it into 
narrow rods. A rod is tested by laying it across 
a metal ring, and pouring mercury into a cup sus- 
pended from the middle of the rod. The weight 
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of mercury required to break the rod is a measure 
of the adhesive properties of the |^ue. 

Other experimenters glue together the surfaoes 
of wood or metal and determine the force required 
to wrench them apart The disadvanta^ of using 
wood lies in the fact that the wood itself at times 
gives way instead of the glued surfaces. Kissling 
uses nickel-plated iron [9], but objections have been 
raised to the use of a smooth metallic surface 
for testing glue intended for applying to the un- 
even surface of a piece of wood. From the paper- 
maker’s point of view its strength-giving qualities 
should be determined in the manner described for 
gum arable. 

Glue and Gelatine. We have enumerated 
some of the principal tests for glues, let us now 
compare the results of tests made on a fine brand 
of gelatine and on an average sample of dark 
Scotch glue. It was found that the tenacity of the 
iScotch glue was rather greater than that of the 
gelatine. On preparing 5 per cent, jellies of each 
the consistency of the gelatine jelly was 10 times 
os great as that of the glue in cold weather, while 
in warm summer weattier the glue was liquid 
while the gelatine was still a stiff jelly. In some 
cases it is of interest to compare the viscosity of glue 
solutions. In the case we are considering the 
viscosity of a 5 per cent, gelatine solution was 
twice tnat of the corresponding glue liquor. 

of Glue. In the fi^t place glue is 
extensively used by woodworkers and cabinet- 
makers, for veneering woods other purposes. It 
is also used as an agglutinant in the manufacture 
of matches, to attach me .mineral composition which 
forms tha head of the match. The textile trades 
use lorpe quantities of the best grades for dressing 
and finiming fabrics, and also for mixing with the 
oolouring matter in calico printing. In combination 
with glycerin, gelatine is used in multiple copying 
presses, . and, with clnomium salts, in the manu- 
fa'ctiu*e of printing-rolls. It is also used for coating 
photographic plates, and for “ tub sizing ” and 
coating paper. Gelatine is extensively employed 
in culinary work, and in the conf^tionery trade. 
Although recent research seems to show that its 
nutritive value is probably sluht, jellies for table 
use will no doubt continue to find favour. 

The adhesive properties are very great, and 
various forms of liquid glue, usually in collapsible 
metal tubes, are in general use as a substitute for 
the glue-pot. Fig. 10 shows a piece of glue 
in which a small quantity of glue jeUy has been 
allowed to dry down. So firmly has it adhered In 
places to the surface of the glass that on contracting 
it has tom little pieces Ixdily away, producing a 
peculiar fern-like pattern. The destruction of glass 
and porcelain vessels in which glue or gelatine has 
been inadvertently allowed to dry down is only too 
familiar to the student 

Casein Cemente. The substance known as 
ca^fiin, which is now manufactured in considerable 
quantities h:om milk after separating the fdt, 
has been recently applied for a number of purpo^s, 
among others for the production of adhesive 
cements. An ordinary solution of casein resembles 
in many respects a glue solution, and is prepared 
by dissolving casein at a temperature not higher 
than 60® <w 70® C., with the aid of a small quantity of 
ammonia or carbonate of soda, preferably the former, 
as the ammonia gradually evaporates, leaving only 
the casein behind. 

Another method of dissolving casein is to mix 
150 parts with 75 parts of sodium tungstate. It 
is then gently warmed, stirred, and p^red into 
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moulds. The product can bo used like gliie by 
dissolving in water, or a solution in water may 
be prepared for use. 

Bnr many purposes casein is first softened in 
lime water, and is then treated with further quanti- 
ties of lime and water glass (German patent 116,355) 
as follows : 12i parts of ground casein powder is 
mixed with three times the quantity of clear lime 
water, and allowed to stand for 48 hoiurs. The mass 
of swollen casein is further treated with 2} parts of 
lime, and 25 parts of water, and vigorously stirred 
for^ 20 minutes. The mixtiu^ is further treated 
with 17i parts of water glass, and again thoroughly 
mixed. After standing for some time the mass js 
further diluted. 

Besides alkalies and ammonia, a number of other 
substances may be used for dissolving casein and 
preparing a liquid glue, such as borax, sodium 
phosphate, sodium tungstate, and sodium silicate. 
This last is said to yield the best cement for ijorce- 
lain, although cements for almost every purpose 
can l>o prepared by suitable choice of solvent. 
[For uses of casein as distemxxjr see Paints ANr» 
Polishes.) 

Adheaiwea of Vegetable Origin 

usually belong to one of two classes, 
first class we may place gum arabic. 

.second starch, dextrin, etc. [see below). 

Gum arabic is an exudation from the bark of 
certain varieties of acacia trees, 
and never comes from Arabia, as 
its name might lead one to infer, but 
from parts of Africa, jmrticularly 
the North-east, West, and South. 

That coming from the North-east 
is generally regarded as the highest 
quality. Senegal and the Cape 
yield similar gums. A uew source 
of supply has recently been dis- 
covered in , Central Asia, in the 
districts traversed by the Bagdad 
Railway. 

Some of the gums do not din- 
solve in water, but form a thick, 
slimy mass, and are u8e<l for thick- 
ening polishes, etc. The true gum 
arabic is soluble in water, and gives a solution 
which i*eactR weakly acid to litmus. This acid 
reaction, however, is not brought about by the gum 
itself, but by traces of sulphurous aei<l used for 
bleaching and purifying it. 

The glims are usually found in conjunction with 
small quantities of mineral bodies, sugars, tannin, 
colouring matters, otc„ and to prepare the pure 
substance they are dissolved in water ami the 
solution that is, placed in a circular 

tray like a drum-head, with a parchment bottom. 
This tray is floatetl on a pan of water. Most of 
the impurities pass through the membrane, 
leaving the solution of pur© gum behind, whicli 
can be further purified by precipitating with nlcojiol. 
Very little is known ns to the chemistry of the 
pure gum, whether it is a single substance or a 
mixture of substances, although the latter view' 
is the more probable. When boiled with dilute 
sulphuric acid a peculiar five carbon sugar known 
as arabinose is produced. 

CharacterUtica and Adulterants. The 
varieties of gum arabic which are found on the 
market are characterised by their strength, colour, 
and solubility, as well as by the country from 
which they arc imported. Good varieties dissolve 
completely in their own w^eight of w^ater, and as 
easily in cold water ns in hot. 
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Solutions of gum arable react in a peculiar 
manner with starch paste, and convert the latter 
into dextrin. The two, therefore, cannot b© 
combined in the preparation of adhesive substances. 

In api^rance; gum arabio consists of rounded 
or long-^aped lumps, varying in eolout, odourless, 
and with only a very faint sweetish taste. The 
outer s^faoe is often scarred and cracked. Gum 
arabic is frequently adulterated, especially as the 
better sorts are not easily obtained. It should bo 
carefully examined, and appropriate tests applied 
according to the purpose tor which it is required. 
Dextrin is a common adulterant, and may be 
detected by the following test, depending upon the 
fact that the solution of gum is precipitated in its 
platinised state by ferric chloriae. A sample is 
dissolved in two parts of water and a few drops 
of concentrated solution of ferric chloride added. 
The solution platinises, owing to the presence of 
“ arabin.” Should, how'ever, the sample be adul- 
terated w'ith dextrin, a whitish precipitate is 
formed on shaking with water. When only the 
pure gum is present, the gelatinous precipitati* 
remains unchanged. Dextrin may also be detected 
by testing with Fehling solution, ns commercial 
samples always contain sugar. 

Gum arabic gives characteristic colours when 
treated with acid solutions of certain phenols, 
w'hich ore useful for purposes of identification. To 
separate a mixture of gum arabic 
and gelatine or glue, the property 
of tannin to precipitate the latter 
substances may be made use of, 
the gum arabic remaining in solu- 
tion, which may be filtered off from 
the precipitate. 

Adhesive Power. To test 
the adhesive property of gum arabio, 
strips of paper are saturated with 
a weak solution, and after drying, 
their strength is tested in a paper- 
testing paparntuB. [See Paper Test- 
ing.] It will he found that the 
paper, after soaking in the gum, 
has become much stronger, at times 
twice as strong as the untreated 
paper. To arrive at a figure for the adhesive quality, 
the strength of the untreated strip is subtract^ 
from that of the treated. The weight of gikm taken 
up by the paper is also determined by weighing 
the paper l>efore and after treatment. Imagine 
this weight of gum spread over a surface equal to 
that of the strip of paj^er, a figure for the strength 
may then bo calculated on the unit sectional 
area. 

As an adhesive, gnni arabic is used for paper 
almost entirely, especially for stamiw, envelo]i*s, 
la)>els, etc,, although mixtures of other and 
cheaper substances arc often used for the same 
puiyose. 

For coating paper, a solution of 1ft to 21 Be. 
is strong enough. Such a solution is easily applied, 
and gives a coat having the necessary adhesive 
quality. 

Itisof importance that not more gum than neces- 
sary should bo laid on to the surface of paper. Thus, 
according to Dr. Krueger, the Btam]is of the Swiss 
Government arc too heavily laden with gum. 
When fixed on to an enveloiie they are easily 
shifted before the ffum has dried hard. The addition 
of borax as a thickener to solutions of gum arabic is 
recommended, and sulphate of alumina or calcium 
nitrate may also be used. They prevent the solution 
of gum penetrating too far into paper. 
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STARCH 

Staroh organic- AUbi^iiod belon|{iiig-to a 

bodi^^%rm^ ana is com- 

l>oi»ed of '<rarbdii; h^dlrd^ii; and t)xyg©n in the 
<pro)KirtiQii8 Tepresentedsby the ^ijrmttla, OoHx-o’O*. 
It is very widely difiPiw^ m the vegetable kin^om* 
beihg an invariable constituent oi'plants, occurring 
eM|)ecially in the seeds of the cereals and in roots 
nnd tubers, such as the potato. For manufactming 
purposes, a plant is chosen which is easily cultivated 
besides containing a large proportion of starch, 
different raw materials roing treated in different 
countries, according to climatic and other conditions. 
In England, rice starch, made from imported 
material, is the chief product, and' is usually pre- 
ferred -for laundry work In G^many, large quanti- 
ties of potatoes are grown especially for t& purpose 
of making starch, and althou^ the ordinary' edible 
)>otato contains some 13 per oent., the cultivation has 
made such progress that the average percentage has 
been raised to 20 per cent, and even more. Al- 
though some potato^ are used in the United States, 
they are not cultivated specially for the purpose, 
the main raw material ^nsisting of maise or Indian 
corn. In > 1 004 ^soine ' 1 10,200 tons were manufac- 
tured from this substance [see “ Census Bulletin *’], 
and as maize contains a fair proportion of proteid 
bodies (especially in the germ) Us well as oil, it is 
Hutfioient to remove the greater part of the starch, 
leaving a residue containing the remainder of the 
starch, together with the proteids for use as cattle- 
food. Potato starch fetches a higher price than 
maize starch, as it is preferred' fOr some manu- 
facturing operations, eH]^)ecially in the textile indus- 
tries. ' ' 

Many other plants are worked ' up for the pro- 
duction of foodstuffs, such as cassava, arrowroot, etc. 
Much of the starch manufactured is converted into 
glucose for British gum, syrups, etc., and, in addition 
to the large quantities used in laundry work, it is 
.also applied for sizing paper and cotton goods, 
dressing cloth, calico printing, etc. 

Manufacture. The processes vary consider- 
ably, according to whether the raw material beJ 
rice, potato, or maize. Potatoes are first cleansed 
by steeping and washing in cylinders with special 
contrivances to remove stones. They are th^ 
reduced to pulp ih sjiecial contrivances, provided 
with rapidly-revolving arms. In order to break up 
the cells and liberate the starch as completely’ as 
possible, a machine, known as a raspert is ^quently 
employed. The jjotatoes pass into a hollow cylinder 
provided with saw-blades on the inner surface. The 
cylinder is also fitted with a rapidly revolving shaft, 
carrying fork-sliaped scoops, which pick up the 
potatoes and press them against the saw-blades, 
while water driven through the cylinder carries 
away the p\ilp with it. This pulp consists of starch 
granul^ with a certain proportion of fibre, and the 
latter is separated by ninning the pulp through 
cylindrical wire gauze sieves of different mesh, so as 
to retain the coarser particles, while the starch 
panules suspended in water (starch milk) collect in 
mrge vats, where further separation of sand and 
heavy impurities is effected by stirring up and run- 
ning off the starch milk. The liquors pass to 
settling vats or inclined planes, where most of the 
water is removed, the remainder being se[)arated by 
filtration or by the aid of the centrifuge. 

Rice Starch. Rice contains as much as 
80 per cent, of starch, but its separation is difficult, 
os it is intimately bound up with the gluten. It is 
necessary to have resource to a chemical treatment. 
The rice is macerated for twenty-four houj^ with 
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weak caustic alkali, 200 gr. to the goUen, and, after 
running off the alkali, is well washed. It is then 
ground in suitable' machinery, and the flour passed 
through sieves, the ooarsw particles being returned 
to the mill for fiurther reduction. The flour is then 
subjected to a second alkaline treatment, under the 
same conditions as before, and finally separated 
from impurities by subsidence and passage through 
silk sieves. 

Wheat Starch. The whole corn is first 
steeped in water till soft, then crushed, and the 
'liquor allowed to ferment. The action of the ferment 
is similar to the alkali used in the preparation of 
ri^ starch. Wheat was formerly much used for 
prexmring starch, but for manufacturing purposes 
it has b^n replaced by cheaper substitutes. 

Maise Starch. The manufacture of maize 
starch is very complicated, as the by-products con- 
sisting of the gluten germ and oil serve for cattle foods 
and other purposes, llie process consists in steeping, 
followed by rolling and threshing, much of the 
^starch liquor being separated at this stoge by means 
of rubber-rolled wringers called “ slop machines.” 
The remaining semi-dry mass is treated in “ germ 
separators,” somewhat on the lines of a washer and 
Stoner [see Milling, page 3078]. In the starch liquor, 
'8*5^ Be., the shelb si& while the germ floats and is 
separated, the oil expressed, and the cake used for 
cattle foods. The plant used is described in that 
section. The starch liquors are run through metal 
gauze sieves, called “ shakers,” to remove germs, 
and the starch is separated in cone settlers or on 
starch tables. J'he dried starch, containing now some 
10. per oent. of moisture, is ground in roller mills 
and passed through silk Mting machines. 

GIuoom. Strong starch liquors, 24^ Be., are 
pumped into copper cylinders or “ converters,” 
where they are heat^ witn 1 per oent. of concentrated 
hydrochloric acid for twelve minutes at 36 lb. 
pi*essure. The starch liquors, now converted into 
glucose, are almost neutralised with soda ash, and 
the coagulated gluten, etc., allowed to settle out. The 
clear, liquors are filtered tlirough bone-black to 
decolorise them, and concentrated in vacuum mns. 
Glucose is much used in the manufacture of beer, 
aerated waters, syrups, and jams. 

Starch Granules. The general appearance 
of starch is familiar to most people. The fine white 
powder is tasteless, odourless, and has a liarsh feel 
when rubbed between the fingers. It is insoluble 
in water and unaffected by ordinary atmospheric 
conditions. When, however, a few grains ore put 
under the microscope they are seen to have a very 
definite and characteristic structure, presenting the 
appearance of rounded or angular cells of vising 
sliajie and size, according to their origin. These 
granules consist of little sacks of inert starch, 
cellulose protecting the more reactive ” granulose ” 
or pure starch matter within. In the preceding 
sections [see Acids and Alkalies, pages 4626 
and 4770] mention has been made of starch 
paste, which gives a oharaoteristio blue colour, 
with even traces of iodine, but very little re- 
action is obtained with raw starch granules, as 
they are protected by the outer skin of cellulose. 
It is necessary to rupture this skin in order to free 
the granulose, which is easily effected by treatment 
with boiling water. The granules swell up and 
^ultimately burst, so that on allowing the liquid to 
stand, the empty skins sink to the attorn, leaving 
a clear solution of the granulose above* The 
different starches vary in the ease with which 
they gelatinise, some starch granules bursting at a 



hywtir temperature than others. According 
to Lintner, potato starch is the most sensi- 
tive to heat, gelatinising at 05*’ C. Maize 
starch comes next at 75**, and the o^ers 
at 80° or 85° C. These data account for 
some of the differences observed in the 
industrial applications of starch. The pro- 
)>erties of the paste or solution of granuJioso 
varies a good deal, not only with the 
nature of the starch, but with individual 
H[)ocimens. 

Microscopical Examination. As 

stated above, starch granules from dif- 
ferent sources vary in appearance, and 
Auppl^ a means of identifying and distin- 
guishing between the different varieties. 

The illustrations [11], which are reproduc- 
tions of actual photomicrographs taken bv 
Mr. (Ult, will make this clear. For full 
detailed information the student is referred 
to his work on the “ Microscopy of the 
More Commonly Occurring Starches," pub- 
lished by Bailli^re, Tindall & Cox, to 
whom we are indebted for permission to 
reproduce these illustrations. The photo- 
ijiicrographs are taken either by trans- 
inittcd light, or on a dark ground. The 
translucency and general appearance are 
liest shown by the former method, the 
outline and general shape of the granules 
by the latter. The magnifications arc 
cither 76 or 244 times the natural size, as 
will be seen from the subjoined list. The 
granulose in the interior is built up in 
layers, and some of the granules of potato 
and arrowroot show concentric markings 
which, although faint, are very charac- 
teristic. In a&ition, most starches possess 
a “ hilum,” or mark in the form of a spot 
or cross, the appearance and position of 
which is characteristic for each particular 
starch, thus the hilum of pea starch is 
slit shaped, in maize stellate, in Bermuda 
arrowroot near the broad end, and so on. 

The starch grains vary greatly in shape ; 
potato starch forms flattened ellipsoids — 
that is to say, like an egg somewhat 
flattened — while maize is polygonal in 
outline and almost flat. Wheat starch 
is lenticular — that is, disc-shaped but 
thick in the middle and thinning away 
down to the edges. The size of the 
grains also varies considerably, as will 
be evident on comparing the photo- 
micrographs and the magninoation. Tous- 
les- mois, a variety of arrowroot, has the 
largest grains, while those of oat and 
rice arc very small ; the average diameter 
of the latter may 1^ taken as^j^^th mm. 

INKS 

The use of inks dates from the times 
of the earlier civilisations, such as that 
of the Egyptians, and the ink on some 
papyrus documents is as black to-day ns 
ever it was. The Chinese, too, invented 
ink centuries before Christ, but it was probably 
in the third century of our era that the so-called 
Indian ink — ^more correctly Chinese or Japanese 
ink— was introduced. 

Pigments for Inll. inks may be classed 
according to their nature and mode of manufacture 
and use. In the first place it is convenient to dis- 
tinguish writing ink from printing ink, in addition to 
which there are miscollaneous inks, such as marking 


PHOTOMICBOGBAFHS OF STARCH (Galt) 

inks, copying inks, tytjewritiiig iuks, sympathetic 
inks, stylographic inks, and many others. In 
the writing inks, the colouring matter or pigment 
is suspended or dissolved in an aqueous liquor, 
while the printing inks are premred from colour 
ground up with ou and lithographic varnish. 

Almost any colouring matter or pigment may be 
used in the" manufacture of ink, but only some of 
them are really suitable for the purpose, and the 
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Potato atnreh x *!Z> Malute starch x 214 Rice Ktftvrh X 244 



tint Ktarch X 244 Whuat staivh X 75 Whput xtaroh a 75 



Pea aturdi X W Fea starch x 70 Bermuda arrowroot starch 

Dark ground X 70 



Tapioca st4irch x 75 Sago starch x 70 Uyo sUn h X 76 Uurk ground 
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object for wkiob tiie ink is lutended njiuat also be 
considered* By far the groat majority of inks 
used are black, or. almost sp, and with these ibere 
can bo no question as to what should guide us in our 
cboioe of pigments. For documents and permanent 
records the writing or printed matter must be per- 
manent, and must not fade when ex}> 08 ed to the 
light and air. This at once excludes most colouring 
matters and the coal-tar dyes, which are not suffi- 
ciently permanent for our purpose. 

For printing inks, lampblacK or finely-powdered 
carlnm is the material almost uniyersally employed, 
and it is also the basis of Indian ink. In the former 
case, the vehicle used is oil and varnish ; in the latter 
a little glue and water. 

Chemistry of Writing Ink. Writing 
inks, on the omer hand, depend on tlio formation 
of tannate of iron in the paper. The permanent 
colouring matter is not contained in the ink as 
used, but gradually develops as the writing dries 
on the suriace o! the paper. At first glance this 
rather curious statement seems open to question, 
as we are familiar with inks with black or blue- 
blaok colour already developed. A short excursion 
mto the realms of ohemis^y will be necessary to 
make this matter clear. 

Writing inks may be prepared by mixing solu- 
tions of ferrous sulphate (cojiperas) with tannic acid. 
*rhe former dissolves in water to a very pale green 
fiuid ; the latter, if 
pure, yields an almost 
colourless solution, l^et 
us imagine for the time 
being t^t we are work- 
ing with chemically 
pure substances. On 



colour, is not permanent, but gradually fades on 
exposure to light and air, but the black iron tannate 
deposited in the paper is remarkably, permanent. 
Its formation may be .noted by comparing the 
colour of writing in blue.blaok ink ji^ drying with 
what has been written the day before; the latter 
is much the blacker. 

Tanninn. Tannin or tannic acid is a substance 
widely distributed in nature and contained in the 
extracts from a number of plants. Some tannins 
are not suitable for ink-making. These are the 
iron greening ** tannins, such as ar^ derived from 
hemlock, pine, kino, catechu, etc., which all give a 
m*een precipitate with iron salts. On the other 
hand, the **iron bluing** tannins, which give a blue 
precipitate with iron salts, and alira as a general rule 
with potassium chromate, can all be used for making 
ink. These two classes of tannins probably differ 
from one another in ohemioal oonstitutioii, as on 
heating to 1 60° C the “ iron greening ** tannins 
yield catechol and the “ iron bluing ** pyrogallol ; 
on these reactions is based a chemical test for dis- 
tinguishing between them. 

Raw Materials. Black inks^that is to say, 
inks which dry black-^-may be prepared from 
extracts of any ve^table substance, such as myro- 
balans, sumach, vmonia or divi-divi, which contain 
iron bluing tannins ; but the common materials 
are galls, and the jmrtioular tannin they contain is 
known as gallo^tannic 
acid. When acted upon 
by weak acids or cer- 
tain moulds, gallo- 

tannic aoid is converted 
into gallic aoid, a 

ohemioallv simpler sub- 




inixmg solutions of the 
two ingredients to- 
gether, an almost 
colourless solution is 
produced w'hioh will 
contain ferrous iron in 
combination with tannic 
acid (ferrous tannate). 12. albppo i 

Exposed to the air, 

however, it soon begins to darken and deposit a 
black substance; it gets thick, and as an ink would 
soon be of no use at all. The ferrous iron from 
the copperas js rapidly oxidised to ferric iron 
[see CHEMiSTRy], and the black insoluble deposit 
formed is ferric iron in combination with tannin 
(ferric tannateh If previous to mixing the solutions 
of ferrous sulphate and tannic acid a little sulphuric^ 
acid be added to the former, the oxidation of *the 
ferrous tannate is hindered, and the mixture will 
keep for a long time comparatively clear from 
deposit. The amount of sulphuric acid added need 
be only very small. When notopaper is written on 
with this ink, the acid is neutralist by minerals or 


12. ALBPPO (TURKEY) GALLS 


Stance, which goes fur- 
s. ther in making the 
flKkk 1 same amount of ink. 

therefore, used in 
the manufacture it the 
" so-called gallic acid 
inks. Galls reach this 
FBEBY ) GALLS country from the Syrian 

coast, and are com- 
monly known as Turkey or Aleppo galls [12]. The 
female insect or gall wasp pierces the gall after 
a time, and escapes. Such galls show small 
holes, and are known as white gaUs, They 
contain loss tannin than the unpieroed galls, and 
consequently are worth less. A good sample of 
Aleppo galls will contain 60 per cent, or more of 
tannin. 

The common English oakapple gall contains 
much less — 16 to 20 per cent, tannin. 

Chinese galls [18] are largely used on the Continent. 
They are produced by the Chinese aphis, and 
collected before the insect escapes, and contain 
75 wr cent, to 80 per cent, of gallotannio acid. 


other basic constituents in the papw, and is so , Similar to the Chinese is the Japanese gall, riiioh, 
weakened that it is no longer cajiable of hindering however, contains less tannin. The chemist has 


weakened that it is no longer cajiable of hindering 
the oxidation of the ferrous tannate, and the black 
insoluble matter is deposited in the course of a few 
hours. Note, too, that it is deposited not only on, 
but in the paper, as the wet ink has time to soak 
in some distance before the oxidation process is 
complete. It would, however, be extremely in- 
convenient to write with colourless or almost colour- 
less liquid; henoe in the technical manufacture of 
inks an addition of indigo, aniline dye or logwood 
extract as a ** provisional ’* colouring matter is 
made, which, with certain natural colouring mattos 
eoatained in commercial tannin extracts, gives to 
the ink the colour we are accustomed to see. This 
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several methods of measuring the amount of tannin 
in these products, and is therefore able to form a 
reliable estimate of the value of any particular 
material for ink-makiim. 

PormulM for InK. Fcht every part of 
ferrous sulphate an infusion of about diree peurts 
of galls has been found to produce the best effect. 
There ore innumerable recip^, dating from the time 
gi Elisabeth. We will cite one or two . 

Galls (1 lb.) extracted twice with 8 pints of boil- 
ing water, and the extract (2 quarts) mixed with 
3f oz. ferrous sulphate, and the same quantity of 
gtun (Reid). 


To prepATe gallic acid ink, expose a decoction of 
I lb. to the air for 10 days, with continual daily 
shaking, and then add to each quart of the liquid 
3i pints of water, 9 oz. Of ferrous sulphate, and 0 oz. 
of gum (Reid). Small quantities of ** provisional 
colours,” such as indigo or logwood extract, may be 
added. 

The following is a standard ink of great per- 
manency, the official standard record ink of the 
Commonwealth of Massachusetts, U.S.A., designed 
for use on State records. It is based on the 


but air may be blown in, and certain chemical 
substances known as ” diyers ** are added, which 
facilitate the thickening of the oil. Hie operation 
is also carried out at a lower temperature than 
would be necessary without dryers [see also Paints 
AND PousHES, page r>041]. 

As to the black pigments, all varieties of carbon 
blacks are used, according to the quality of the ink. 
For a description of the different pigments and 
machines for incorporation and grinding, see Paints 
and Polishes; also a carbon black obtained from 


formula of Schluttig and Neumann. We strongly 
urge its adoption in this country for similar 
purposes. 

Tannic acid 23*4 parts 

Gallic acid 7*7 „ 

Ferrous sulphate 30*0 

Gum Arabic 10*0 

“ Dilute *’ hydrocdiloric acid . . 25*0 
Phenol 1*0 

Each of the ingrediontH of quality prescribed by 
U.S.A. Pharmneopneia. Make up to 1,000 parts 
with water at 60® F. 

What is Good Writing InK ? The follow- 
ing requirements are given by Mitchell and 
Hepworth : 

1, It must yield permanent writing, which 
becomes black within the course of a few days. 


2. It must flow readily 
from the pen and pene- 
trate well into the 
fibres of the paper 
without passing right 


through the paper. 

3. It must not gela- 
tinise or become mouldy 
in the ink-pots. 

4. It should have a 
minimum corrosive 
action on steel pens. 

6. The writing must 
not be sticky. 

The permanence of 
the uTiting is deter- 
mined by exposure to *«• CHIJ5 

bright sunlight for 

some time, a comparative test being made with 
a piece of the same writing kept in the dark. 
The effect of chemicals may also be tried. In 
testing the penetrating |>ower it is, of course, 
necessary to use a standard paper. The extent to 
which different papers are sized varies enormously. 

Inks arc conveniently contrasted with a standard, 
for which purpose the standard ink may be taken 
whose composition lias already been given. 

Printii^ InKs. These consist of lampblack 
or other finely i)owdered pigment, incorporated with 
boiled oil or varnish. In the preparation of these 
latter, linseed oil is heated in a cauldron, and kept 
stirred This causes the oil to thicken ^dually, 
so that it can be drawn out into strings. The older 
makers heated the oil till it was on the point of 
taking fire ; the source of heat was then removed, 
and the oil set fire to and kept continually stirred, 
the ^me being extinguished by a cover, and the oil 
tested from time to time until the desired consis- 
tency was obtained Savage prepared six quarts 
of ** burnt ” oO in this manner, and then stirred in 
6 lb. of resin and IJ Ib. of soap. The varnish, 
while still hot, was inoorporated with the pigment, 



coal-tar, which is described in that section. 

Coloured Inko* These are prepared very 
largely from coal-tar dyes, and it is now possible 
to produce ink of any desired tint or shade. 
Synthetic dyes have mostlv replaced the vegetable 
colours previously used, besides which they are 
not nearly so costly. Their chief drawback is 
their want of permanence, especially on ex|>osiire 
to light and air. For the ordinary red writing inks 
the common dye cosine is generally used, the 
strength required being from 50 to 80 parts of water 
to one part of dye-stuff. It is unnecessary to use 
any gum or sugar, as such inks are perfectly fluid 
without such addition. Coloured printing inks arc 
of increasing importance in consequence of the 
development of the three-colour and other 
processes. The more permanent mineral pig- 
ments are used where 
fKiHsible for reproducing 
coloured plates ; but 
for certain colours, 
especially transparent 
colours in three-colour 
printing, nothing con 
replace certain of the 
aniline dyes, which are 
sufficiently permanent if 
carefully selected. 

' Copying and 

Typewriting InK. 

Aniline dves are genr- 
rally used for copying 
inks, and invariably for 
SB GALLS typewriting inks, which 

arc made so that they 
will copy. It is true that an ordinary writing ink 
will yield copies if taken nt once, but if left over 
till the next day the ink will have oxidised and 
become fixed in the pai»er, and only the faintest 
copy will be procurable. Copying inks may lie 
prepared accoruing to the formulas for writing inks 
by suitable modification. They are rendered 
capable of being copied by the addition of such 
substances as gum, sugar, and glycerin in suitable 
proportions. , , 

MiacelUneoua InKa. Inks for rubber 
stamp iiads are made from a suitable dye dissolved 
in a mixture of water 10 parts, acetic acid 10 parts, 
alcohol 10 parts, and glycerin 70 parts. Marking 
inks are usually metallic compounds, a metal, or 
some compounci of the metal, being deposited on the 
fibre of the cloth, so that the writing will not wash 
out. For this purpose silver salts are suitable, a 
common mothoa being to use a mixture of silver 
nitrate and tartaric acid or other substance, so m 
to form an easily reducible salt of silver. On 
passing a hot iron over the writing, the metallic 
silver is deposited. The following iiroportions arc 
given by Dietrich : A solution of 26 parts silver 
nitrate. 16 Darts gum, 60 parts ammonia solution. 
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b^^^^ The Sitrate/isparugun. 60™rt*ammon« « 

prepor^n of bnmt oil was ai» operation requiring and two parts of lampblack or mdigo, 
the greatest care. Nowadays, the oil is not ignited, provisional colour. 

C(ynJtimied 







7. MiAisJd— JC€ t per pctcco poHaiCt 

l »i^ aeiiding you the books by parcel past. 

8. PuEPOSB— Jf«> ^lio sta facendo dei ri^parmi 
per eomprare un oido^^ile. My son is saving some 
money to buy a motor-car ; Vidggio per divertitmi, 
1 travel to amuse myself. 

9. Distbibtttion — / ragazzi Jutnno avuto due 
soldi per uno. The boys have had a penny each. 

10. Co3JroBS8iON-r~/*er caUivo che un mtno sia, 
avrd sempre qualche buo7ia qiudUd, Howsoever bad 
a man may be, he always has some good quality. 

11. Ibiagined QuALiry—J/f prese per un francese, 
He took me for a Frenchman. 

EssBcizio ni Lettuba — continued 
Questa parola feoe venlr le fiamme sul viso del 
frate : il quale perd, col sembiante di chi inghiottisce 
una medicina molto amara, riprese : '' lei non erode 
che un tal titolo mi si convenga. Ijei sente in cuoi* 
suo che il passo oh’io fo ora qui non d vile nd 
spreg^vole. ^fasoolti, signdr don Rodrigo ; e 
voglia il cielo che non venga un giorno in cui si 
f)enta di non avermi ascoltato. Non voglia m^ttere 
la Bua gloria . . . qual gloria, signor don Rodrigo \ 
qual gloria dinanzi agli udmini ! £ dinonzi a Dio ? 
Lei pud molto quaggiu ; ma . . . 

Sa lei,*’ disse don Rodrigo, interrompendolo con 
istizza, ma non senza qualche raccapriccioi, '' sa 
lei che, quando mi viene lo schiribizzo ^ di sentire 
una pE^ica, so benissimo andare in chiesa, come 
fanno gli altri ? Ma in casa mia ! Oh,” e con- 
tinud, con un sorriso forzato di schemo: lei mi 
tratta da piu di quel che sono. Il predicatore in 
oasa ! Non I’hanno che...i principl” 

“ E quel Dio che chiede conto ai prlncipi della 
parola che fa loro sentire, nelle loro reg^; quel 
Dio che le usa ora un tratto di miaeriodruia, nuin- 
dando tm suo ministro, iudegno e miser^bile, ma 
un suo ministro, a preg^r per ima innocente. . . 

“In somma, padre,” disse don Rodrigo, facendo 
alto d’andArsene, “ io non so quel che lei voglia 
dire : non capisco altro se non che ci dev’ essere 
qualche fanciulla che le preme molto^. Vada a 
far le sue confidenze a chi le piaoe ; e non si prenda 
la liberlA d’infastidir* piu a lungoun gentiluomo.” 
{(hntinued). 

Notes: 1. fright; 2. whim; 3. in whom you 
are nitich interested ; 4. to annoy. 

IRREGULAR VERBS 

Second Conjugatioiix-continued 

Verba in ere (short) — continued: 

Erigere^ to erect 
Past Def»-—Ereasit crc««c, erhsero 
Past Part — EreUo 

Eepellere* to expel 
Past Def, — Espulsi, espulse, espiklsero 
Past Part. — Espidso 

Eeprimere, to express 
Past Def. — Espressif espresse, esprhsero 
Past Part. — Espresso 

Eetinguere* to extinguish. 

Past Def.^Estinsi, estinse, esHnsero 
Past Part.-^Estinto 

Figgere* to fix 

Past Def, — Fissif /w^, flssero • 

Past Part, — Fisso 
Conjugate like figgere : 

Affiggere^ to stick; prefiggere, to prefix; eroci- 
/fwwc, to crucify. 

The following compounds of figgere end in the 
past particifde m itto ? ironflggerei to fix with nails. 


MMOUMtg^trAUAM 

(Past Part, — confitio); trafiggere, to pierce (PaM 
PaH,-^afUto ) ; sconflggere, to defeat {Past Part,^ 
sconfiMo), 

Also figgere may have the form fiUo for the past 
participle. 

Fingere* to feign 

Past Def, — Fimi, finse, finscro 
Past Part. — Fmio 

Frangere* to break 
Past Def. — Fransi, frame, fr^nsero 
Past Part. — Fra n to 

Conjugate like fraugere : injrdngere, to infract 
Friggere, to fry 

Past Def. — Frtssi\ frisse, frissero 
Past Part. — Fritto 

Giungere, to arrive 
Past Def. — Givnsi, ginnsc, giunsero 
Past Part. — Giunio 

Conjugate like ginngere : soggiungere, to reply ; 
aggiungcre, to add ; congiiingere. to join ; rag^ 
giungere, to overtake. 

Immergere. to immerge 
Past Def. — immersi, immerse, hmnhsero 
Past Part. — Immerso 

Conjugate like immergere : e^nergere, to emerge 

Imprimere* to impress, to print 
Past Def. — Impressi, impresse, hnprhsero 
Past Part. — Impresso 

Indtirre {inddrere), to induce [see adddrre, 
page .5081]. 

Infliggere, to infliot 
Pmt Def. — Infiissi, in/lisse, infXssero 
Past Part. — Inflitto 

Leggere* to read 
Past Def. — Least, lease, Ihsero 
Past Part. — Letto 

(Jonjugrtte like leggere : cfeggere, to elect 

Mettere. to put 

Past Def. — Mist {messi), mise. (messc), intsero 
{tnessero) 

Past Part. — Messo 

(Conjugate like msttcrc : amtn^Uere, to admit ; 
ditnMersi, to discontinue ; commettere, to commit ; 
compromettere, to compromise ; dismettere, smettere, 
to leave off ; immrttere, to insert ; intromsttere, 
to place between ; framm^re, to inteiqxiBC ; per- 
mHtere, to permit; promettere, to promise; rim^re, 
to postpone; scommettcrc, to bet; sottomettere, to 
submit; premettere, to premise. 

Mungere* to milk 
Past Def, — Munsi, mnnse, munsero 
Past Part. — Munto 

Muoveref to move 
Past Def. — Mossi, mosse, ^ndssero 
Conjugate like mitovere : rimuot^ere, to remove ; 
commuQvere, to move ; promudvere, to promote 

€>pprimera» to oppress [see imprimere above], 

Percuotere* to percuss 
Past Def, — Percossi, percosse, percossero 
Past Part, — Percosso 

Piaiignret to weep 
Past Def, — Piansi, pianse, pidnsero 
Past Part. — Pianto 

Conjugate like pidngere : rimpidngere, to regret 
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FcMgera* to hand, to offer 

Past Def. — Porai, poran^ pdraero 

Past Part, — Pdrto (unused) 

Porre {pdnere)^ to put 

Ind, Pres, — Pcrngo, poni, ponet poniamo, ponete, 
pdngono 

Past Def, — Posif ponesti, pose, ponemmo, ponesie, 
pdsero 

Future — Porrd, porrai, etc. 

Imperat. — Poni, ponga^ poniamo, ponete, pongarut 

Svbj, Pres. — Pongo, ponga, etc. 

Condit. — Porreif porresti^ etc. 

Past Part. — Pi>8to 

Conjugate like porre : sup^orrc, to suppose ; 
rom'j^&rref to compose ; dtcomporre, to decompose ; 
deporrCf to attest ; dispdrre, to dispose ; indiaporre, 
to indispose ; esporre, to expose ; frappdrre, to inter- 
pose ; opporre, to oppose ; presupporre, to presup- 
pose ; propdrrct to propose ; seMoporrty to submit ; 
sovrappdrrCt to put u^ion ; prediapdrrct to predispose. 

Exercisk LI. 

1. Dopo solo due ore di combattimento, il nemico 
fu oompletamente sconfitto. 2. II treno di Parigi 
^ giunto con quaranta minuti di ritardo. 3. J^c 
due rive del fiume sono eongiunto da un ponte di 
logno. 4. II signor B. e stato elotto deputato con 
ottooento voti su mille. 5. Dove avete messo.il 
mio ritratto ? 0. Sembra cho abbiate pianto, cosa 
h accaduto ? 7. Non avrei mni supposto ima cosa 
simile. 8. Se avete letto il libro chc vi ])re8tai, 
resiituitemelo. 0. »Scommetto che quesla volta 
perderete. 10. Ho promesso a mio padi*c di essere 
pih diligente ed egli mi ha {)ermesso di uscire. 

CONVEBSAZIONE 

Quando ha deoiso di partirc, quests settimana o 
Taltra t 

Sccondo {tJuit depends)^ non so precisamente. 

Dov’ e la galleria Umberto I. ? 


Dirimi^tto al teatro San Carlo. 

Con chi era ieri sera al C2aff^ ? 

Ero con un signore amcricaiio, cho abita diriin* 
petto a noi. 

Dove va ? (where are you going f ) Segga vicino 
a me, non mi lasci'qui solo solo. 

. Non ho tempo ; ho lezione alle dieci e mezzo. 

Prende lezione tutti i giorni ¥ 

Si, eccetto il giovedi. 

Cosa n'e di quel tipo cho prendeva lezione insieme 
con lei ? 

Non rho pill visto ; credo che sia ritornato in 
Germiinia. 

Key to Exercise XUX. 

1. You will never learn anything, because you 
always play during the lesson. 2. Instead of one 
hundred francs we have received only fifty. 3. The 
villa of which I have spoken to you is on the other 
side of the Thames. 4. We have been obliged to 
postpone our departure till Monday for want of 
money. 5. If you are cold, sit near the fin\ 
0. Opposite to us there is a house to let. 7. Take 
care, my hat is there ; do not sit on it. 8. Except 
these two, all the other ])ictiire8 are worth nothing, 
ft. Let us s)X)ak openly, there must be no mysteries 
Ijetween us. 10. I will do it for your sake. 
11. More than forty people remained buried under 
the loiins. 

Key to Exercise L. 

1. A good tree produces good fruit. 2. When 
I untie the parcel, you may choose what you like 
best. 3. What have you chosen ? 4. The petition 
was signed by nearly one himdred persons. 5, 
My brother has written me a long letter. 0. If 
Mr. M. had not protected you, you would not now 
occui»y this place. 7. The j>oor child is crying 
l>ecouse she has i>rickcd her finger with a needle. 
8. Press the button to call the waiter. 


FRENCH By Louis A. Barbe, B.A. 

SYNTAX— THE ARTICLE 4. Titles immediately preceding proper nouns 

require the definite article ; Le regne dc la reine 
The DeHnlte Article. L The definite Yictoria en est un des plus longs dc fkistoire; il cat 

article is required before all nouns used in their woina long cependant que celui du roi Louia XIV „ 

widest sense— that is to say, in a way that includes Queen Victoria’s reign is one of the longest in 

all the individuals or objects of a given class: history; it is shorter, however, than that of 

Les mitaux sont plus utiles aux homines que les King Louis XIV. 

diamanta el Us pierreries, Metab are more useful 5. The article Is used, in familiar language, 

to men than diamonds and precious stones. before such words as ami, homme, mere, in address- 

2. In accordance with this principle (a) abstract jng a person w’hose name is not known ; OIU 1 

nouns, and (6) nouns indicating material take the Pami, venez iel, Hallo ! friend, come liere. 

definite article : Vhypoeriaie est un hommage que le r». When proper nouns are qualified by an 

vice rend d la vertu. Hypocrisy is a homage that adjective, that adjective must bo preceded by the 

vice nays to virtue. Le plaline est plus pesant que definite article : La pdleur du petit Pierrot inquUiait 

Vor, Platinum is heavier than gold. jort la vieitte Marguerite, Little Pierrot’s pallor 

Exception : Sometimes an abstract noun and greatly troubled old Margaret, 

a preposition are equivalent to an adverb, and a 7. The definite article is sometimes prefixed to 
noun of material and a preposition to an adjective; the names of individuals to indicate familiarity, 

in such cases, no article is used : TravaiUez aiee celebrity, or notoriety. W’ith regard to men, this 

moderation pour travaiUer longUmps, Work with is almost exclusively limit^ to famous Italian 

moderation so as to work long ; On dit qu' Henri II. writers and painters : Le Pulcif U Bojardo, 

fut k memier out porta des has de sote. It is said VArioste, &c. The article is sometimes used in 

that Henry II, was the first to wear silk speaking of certain women widely known, either 

8tookin|ra. for gow or for evil: thus, la Champmesl^, a 

3. When one individual is taken to represent a fafnous actress; la Brinvilliers, a notorious, 

whole class, the definite article is requir^: Dieu poisoner. 

dit ensuUe: Faisons Vhomme^d. notre inwtge et d 8. The definite article is used with names oi 

noire ressevManee, Then God said: Let us make seasons and feasts, except Easter and, usually, 

man in our image and likeness. Christmas : le prirdemps, spring ; le vendredi 






Good Friday. In many caacs, the fertiinine 
artiele la j« used in connection witti a masculine 
Bainf a tiame, the feminine word fHe l)cing under- 
atood: la Sain^Jean, St. John's (mid-summer) 
day: AHrommiq'mmeiiU^ VaiUonme est Feapoee de 
tempe du vingt aeptembre au vtngt eiun dfjiewbre^ 
Astronomioany, autunm is the space of time 
from the 20th of September to the 21st of Decem- 
ber; La Pente^Ate se c^Hbre cinquatUe joura apria 
Pdqws, Pentecost is celebrated fifty days after 
Easter. 

9. Days of the week take the dednite article 
(a) when they ere immediately followed by a date, 
or (6) to indioate a da^ set apart for the regular 
recurrence of some action : Lea jEHals giaUraux ae 
reunirent A Versailles le mardi eino mat, 1789, 
The States General met at Versailles, Tuesday, 
5th of May, 1789 ; ll se repose le lundi de rCavoir 
rien fait le dimanehe. He rests on Mondays for 
having done nothing on Sundays. 

Exception: The days of '‘last week" and 
“ next week " take no article : 11 est parti samedi 
dernier et U doit revenir jeudi prochaint He left last 
Saturd^, and he is to return next Thursday. 

10. Tne definite article is used in the '' absolute 
construction" — that is to say, before a noun not 
governed by any word in the sentence : Kom 
apcrcevions les greMliers, Varme hmUe, Freil gauche 
atUtehS sur nous, le droit cach^ par le tusU deue. 
We perceived the grenadiers, with levelled muskets, 
the left eye fixed upon us, the right hidden by 
the raised gun. 

11. The definite article, with the preposition 
a, is used to express some peculiarity or distinctive 
feature : U y avait parmt les passagers, de jeunes 
Anglaises aux hrUlarUes spirades de rMwux monds. 
There were amongst the passengers some young 
English girls with Drill iant coils of fair hair. 

12. In descriptions of personal appearance, the 
verb avoir and a noun with a definite article are 
frequently used ; EUe a les rJievcux blonds, les yeu^ 
hleus, le teint frais, les dents blanks, ei les Uvres 
vermeiUes, She has fair hair, blue eyes, a fresh 
complexion, white teeth, and ruddy lips. 

13. The definite article is used in connection 
with vers or sur in expi*ession8 of approximate time : 
II est sorti vers le midi; il rerUrera sur les sir 
keures. He went out about noon ; ho will come back 
about six. 

14. The definite article is usetl distributively to 
express measure and weight; Ge vin codte deux 
francs la hotUeiUct This wine costs two francs a 
bottle. 

Note: In expressions of time, the preposition 
par is used instead of the article : Son traitement 
est de huit cents francs par nvois. His salary is 
800 francs a month. 

15. The definite article is used before the names 
of continents, countries, and provinces : La Suisse, 
la Belgique, le Danemark ei le Portugal ne sont pas 
au nombre des grandes puissances de V Europe ; 
Switzerland, Belgium,, Denmark and Portugal are 
not amongst the great powers of Europe. 

Exception ; After the preposition de, the definite 
article is not used when it is intended to form an 
adjective phrase only: La plupart des vins de 
France sont moins forts que ceux dEspagne ei de 
Porhtgal; The greater port of French wines are 
less strong than those of Spain and of Portugal. 

Id. The definite article is used with the names of 
mountains, seas, and rivers: Le V Native, eddtre 
volcan d^IUdie, a onze cent quaire ving-dix mitres de 
kauteur, Vesuvius, a celebrated volcano in Italy, is 
eleven hundred and ninety metres high. 


17. With feminine names of countries, “in** 
and “into" are expressed by eu without iite 
definite article. The article is also omitted, and 
the peposition de used alone, after verbs ex* 
iweaaing coming from those countries, such as 
arriver de, venir de, etc. : S*il part dAmirique. le 
vh^Utrois hi in, il arrivera en Europe vera le premier 
juillet. If he leaves America on the 23rd of June, 
he will arrive in Europe about the 1st of July. 

18. The definite article is not used before numerals 
denoting the order of succession of sovereigns, etc. 
It is al^ omitted before nouns in apposition: 
Louis seize, petit^fUs et attccesaeur de Louis quinze, 
monia svr le trone en 1774, Louis the Sixteenth, the 
grandson and successor of Louis the Fifteenth, 
ascended the throne in 1774. 

19. The definite .article is not used in French, as 
it is in English, when a comparative is repeated : 

Plus voua serez gai, plus longtemp^ vans taVer, 
The gayer you are, the Irnigcr you w^ill live. 

Translation 

f Words which have already been used, and 
words which are either identical or very similar 
in the two languages, are not given in the 
vocabularies.] 

actuel, actual, present- itendre (s ), to extend 

day, modem Hranger {d V), abroad 

a jollier, to odd finmand, Flemish 

AUemagne (f.), Germany habitant (m.), inhabitant 
aUetmnd, German de, outside of 

Angleterre (f.), England iVfmme(m.), dialect, speech 
anglais, English ties Norniandes (f.), 

appartenir, to belong CJlianncl Islands 

appoint (m.), balance fh Maurice (f.), Island of 
basdtreion, low Breton Mauritius 

basque, Basque joindre, to join, add 

Basses-Pwinies (t), (angue it,), tongue. 

Lower Pyrenees language 

Belgique (f.), Belgium vormand, Norman 

Bretagne (f.), Brittany paii (d), apart, special 
Catalan, Catalonian quant d, as to, with 
rMffre (m.), figure regard to 

comprendre, to comprise, r^partir, to divide 

understand remnche (en), by way of 

conserver, to retain comjjensation 

enfin, lastly Suisse (f.), Switzerland 

Jiur, on, out of 

G^OQRAPHIE PE LA LaNOUE FBANgAISS 

La langue fran9aise comprend tout le domaine 
de la France actuelle, k rexception d’lme seule 
province, la Bretagne, oii un million d'habitants 
sur un million huit cent mille parlent une lan^e 
connue sous le nom de bas-breton et qui est d'origine 
celtique. A cette exception importante, on pent 
encore ajouter trois petits grouiies : le ddpartement 
du Nord, oil deux cent mille habitants (sur un 
million deux cent mille) parlent la langue 
flamande, qui est d'originc allcmande ; le d6parte- 
ment des Risses-Pyi^n^s, on cent vingt mille 
habitants parlent le basque, idiome fort ancien, 
dont Forigine est inconnue ; enfin le d^partement 
des Pyr^n^s-Otien tales (anoienne province de 
Roussillon), oii cent trente mille habitants parlent 
la langue catalane, qui est derivee du latin. 

Si le domaine de la langme fraimaise ne s'^tend pas 
sur tout le territoire actuS de la franoe, en revanche 
elle comprend k T^tranger plusieurs tmitoires im- 
portants, representant un peu plus de trois millions 

5371 



six oent mills habitants^ ainsi r6oartis; pour la 
Belgique un mOlkm six oent mille Habitants ; pour 
Tempire d*Allemagne un million (Alsace-Lorraine) ; 
pour la Suisse franoaise quatre oent mille : en^ 
soixante mille pour lea ties Normandes, qui appar- 
tiennent k TAi^leterre. 

A oes ohiffrea il faut njouter, hors d’ Europe, lea 
oolonies anglaises du Canada et de Tile Maurice, 
qui ont conserve Tusage du fran 9 ais, sans parler de 
nos propres colonies (Algerie, Guyane, Senegal, etc.)* 
CTest un appoint d’un peu plus d’un million cinq 
cent mille habitants a joindre au domaine linguis- 
tique fran^ais. (Auguste E. Bracket.) 

The Indefinite Article. 1. The indefmite 
article is required in French, though not necessary 
in English, before an abstract noun used partitively 
and qualified by an adjective. lU orU svjtporie iouks 
les fatigues et toutes les privations avec une Constance 
admirMe, They bore every fatigue and every 
privation with admirable constancy. 

2. The indefinite article is not used after qnel, 
what, nor after sans, without : Quelle joule 
de maux V ambition tratne d sa suite. What a mult i- 
tude of evils ambition drags in its train. Jc ne puix 
icrire sans plume, I cannot write without a jx'n. 

3. The indefinite article is usually omitted 
before a noun preceded hyjanmis, never: Janmw 
Jiommc rCa eu plus de succis avee anssi pen de 
mirite. Never has a man had more success with so 
little merit. 

4. The indefinite article is not used befoi*e nouns 
in apposition : Nelson, cllehre amiral anglais, naquit 
en 1758, Nelson, a fjimous English admiral, was 
born in 1758. 

5. The indefinite article, though used in English, 
is omitted in French before nouns serving as pre- 
dicative complements to such verbs as ^tre, to 
be ; devenir, to become ; and paraitre, to 
seem; and also before nouns serving as the 
second accusative after such verbs os faire, to 
make ; se faire, to become : se. moTitrer, to 
show oneself ; nommer, to ap^^int ; croire, tci 
believe : Le pire du 'tnariehal Ney ^iait tonnelier. 
Marshal Ney’s father was a cooper. MonfreZ’Vovs 
bon ami. Show yourself a good friend. 

6. When comme, “ as,’* means “ in the cafiucity 
of,” the noun that follows it does not take the 
indefinite article. The indefinite article is recpiircd 
before the noun following comme if that noun is the 
subject of a verb understood : Ney fit les deux 
premilres campagnes de la M^volution comme aide 
de camp, Ney went through the first two campaigns 
of the Revolution as aide-de-camp. Lc panvre 
medlard se laissait tromper comme un enfant. The 
poor old man allowed himself to be deceived like 
a child. 

7. No iiidefinito article is required after fractional 
numbers : ll a mis un quart dhevre d krire une 
demi’page, He has taken a quarter of an hour to 
write half a page. 

The Partitive Article. 1. The |iartitive 
article du, de la, des is used regularly before any 
noun indicating a certain portion of any thing or 
a limited number of objects, whether the English 
equivalents “some” and “any” be expressed or 
only understood : J^ai passi des jours heureux d la 
campagne, I have spent (some) happy days in the 
country. 

2. Before a noun preceded by an adjective, 
the preposition de alone is to be used : De rianies 
prairies s'offraient d nos regards eharmls, Sujfiing 
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meadows presented themselves to our delighted 
gaze. 

3. If the adjective and the noun are so closelv 
coimected as jwatstioally to constitute a single word, 
whether joined bv a hyphen or not, the article is 
to be used as werf as de : II y a des beUes-mires qui 
raleni de vmtables mires. There are step-mothers 
who are as good as real mothers. 

4. When a noun taken partitively is the object of 
a negative sentence, de alone is to be used ; Je n'ai 
pfts S' argent, I have not any money. 

5. In English negative sentences, the indefinite 
article frequently has the meaning of ” any,” 
and must accordingly be translated by de : II ne 
•porte jamais de chapeau. He never wears a hat. 

6. Before an adjective the partitive article is used 
to indicate distinction or opposition. Thus, Donnez- 
moi de bon pain means simply, Give me some 
good bread ; but, Donnez-moi du bon pain means. 

Give mo some of the good bread ” — tliat is to say, 
there are two kinds of bread, good and bad, I want 
some of the good kind. 

7. In negative sentences, the definite article is 
to be used before the complement, if that com- 
plement is followed by an adjective or an ad- 
jective clause. Thus, Je n*ai pas dargent means 
I have no money; but, Je'"n*ai pas de V argent 
pour le depenser foUement., I have no money to sj^end 
extravagantl 3 % implies that I have money, but that 
it is not to be squandered. 

8. In a negative- interrogative sentence, the use 
of the partitive implies that an afiSrmative answer is 
expected, Thus, N'avez-vous pas d^amis d Paris? 
Have you no friends in Paris ? is a genuine question, 
asked in order to obtain information. On the 
contrary, N*avez-voits pas des amis d Paris ? implies 
a belief, or even an assertion, that there are such 
friends, and may be translated, You have friends 
in Paris, have you not ? 

9. The partitive article, or the preposition de 
standing instead of it, may be used after niiv 
preposition except de : Avec de la patience et Jc 
la pershhance tout est possible. With patience and 
|>erseverance cverytliing is possible. 

PIlACe of the Article. 1. The article pre- 
cedes the norm, but an adjective, a numeral, or 
quelqnes, meaning “ few,” may occur between it 
and the noun : Le cilihre satirique Pope iiait hossu. 
The celebrated satirist Pope was a hunchback. 
Jv ne regrette pas les qnelques francs que eda m'a 
couU, I do not regret the few francs which that 
has cost me. 

2. Tout {tovte, tous, toutes) is the only adjective 
w'hich, w^hen accompanied by an article, always 
precedes it : II a perdu towte Vaffectum q\CU dmit 
pour nwi, Ho has lost all the affection which he had 
for me. 

3. The adjective feu, late (deceased) may either 
precede or follow the article. When it precedes il, 
there is but the one form for both genders : La feuc 
reitie itait aimie ,et respectie de tons ses sujets. The 
late queen was loved and respected by all her 
subjects. Ma mire est nie la fnime annee. que feu 
la reine Victoria, My mother was bom in the same 
year as the late Queen Victoria. 

* Key to Exeboisb XXXVII. 

1. Le psresseux travaille malgnS lui. 

2. liC soleil luit pour tout le monde. 

3. Travaillez avec zMe ; le travail est la source 
de Vabondance et de la joie. 



4i L’ invention du t^l^phone eet due a Graham 
Bell et oelle du phonographe a Edieon. 

5* De Calais quand le temps est clair, vous 
aperoevez Douvres vis-it-vis de vous. 

6. Apprenez que suivant le dire d’un ancien, il 
faut manger pour vivre et non pas vivre pour 
manger. 

7. Ecrivez leg injures sur le sable et les bienfaits 
sur Tairaia. 

8. Je Grains Dieu, et, apr^s Dieu, je Grains princi- 
palement oeux qui ne le craignent pas. 

9. II faut t&cher de bien vivre avec tout le monde. 

10. n travaille toute la semnine exeepte le 
dimanche. 

11. Un enfant bien elevc ne doit rien fa ire 
maij^ ses parents. 

12. Les vaoances commenceront dans moins de 
deux mois. 

13. Votre onole ne sait peut-^tre pas ou est 
notre maison ; allez au-devant de lui et amenez-le 
si vous le voyez. 

14. Un des romans de Jules Verne a pour titre, 
“ Le Tour du Monde en quati*e-vingt8 .Jours.” 

15. Mettons-nous sous oet arbre, nous y serons 
}!. Tabri de la pluio. 

16. II dut la vie k la clemenoe et k la magnani- 
mity du vainqueur. 


17. Remplissez vos devoirs envers Dieu, envers 
vos imreuts et envers la patrie. . 

18. On trouve les mSmes pr6jug6i en Europe, 
en Afrique et jusqu'en Am^rique. 

Key to Exebcisb XXXVIIl. 

1. La charity est patiente, douce et bienfaisante. 

2. La boussole na point et6 trouv^e par un 
niarin ni le tyiescope par un astronome. 

3. Ni Tor ni la Mnnaeur ne nous rendent heureux. 

4. L'homme n^est malheurmix que parce qu’il 
est mechant. 

5. Obyis si tu veux qu’on t’obyisse un jour. 

(i. Les hirondelles partent des que les premiers 
froids arrivcnt. 

7. tbi ne croit plus un enfant quand il a menti. 

8. 8i I’eau bout plus tot sur les hautes montagnes, 
c’est parce que la pression de Tair y est moins 
forte. 

0. Tous les hommes sont mortals : or, vous 
(3tes un homme ; done vous etes mortel. 

10. S’il vient en France et qu’il passe par Paris, 
je serai charme de le voir. 

11. La terre ne s’epuisc jamais pourvu qu'on 
sache la cultiver. 

12. Conduisez-vous de telle sorte que tout le 
monde soit content de vous. 


Continued 


I ESPERANTO "'“‘iSir" 


By Harald Clegj^ 


THE ACCUSATIVE 

Motion. As has been shown 
[page 4655] the prepositions 
govern the nominative case, but 
when motion is indicated, it 
sometimes happens that the 
preposition used does not suffici- 
ently contain aU that is neces- 
sary to show the full extent of 
the movement, which may be 
either physical or moral. If we 
say “ The bird flew under the 
table,” it is not clear whether 
we mean that the bird, being 
there, flew about imder the table 
or that it flew there from outside. 
To express the latter idea, how- 
ever, Esperanto uses the accusa- 
tive, even though there is a pre- 
position before tahh, and thus 
indicates movement. The pre- 
positions dl (to) ^%8 (up to, as 
far as), and tra (through) con- 
taining in themselves the full 
idea of motion, do not, in such 
cases, require the use of the 
accusative. 

The following sentences illus- 
trate the peculiar use of the 
aocusative of direction. 

En la mondon vtnie nnm 
sento, Into the world a new 
feeling has come. 

Mi saltia eur la muro, I jumped 
on the wall (I was there). 

Mi sakie eur la muron, I 


jumped upon the wall (from 
elsewhere). 

La lampo pendas super la tablo^ 
The lamp hangs above the table. 

Mi jHis la ^non super la 
demon, I threw the stone above 
the house. 

Li vojatjis irans la maron^ car 
trans la maro li havis amikojn. 
He travelled across the sea, as 
across the sea he had friends. 

3Ii verHs la inkon en la tason, 
haj nun la inko restas en la taso, 
I tilted the ink into the cup, and 
now the ink remains in the cup. 

'Phis accusative of direction 
must, in similar circumstances, 
be applied to adverbs. Example : 

La Mono falis ieren. The stone 
fell to earth. 

Nun, ni iros hejmen. Now we 
will go home. 

Antaiien ! Forward ! To the 
front I 

AccuMtive Instead of 
Prepoeltion. It is customary 
with intransitive verbs, when ideas 
of direction, time, price, weight, 
or measure are (fxpressed, to 
omit the preposition and straight- 
away adopt the accusative, as in 
the following phrases : 

Mi iras Berlinon, I am going 
to Berlin. 

Mi restos tie tri semajnojn, I 
shall stay there three weeks. 

Mi alvenos tie prokhnan lun- 
don, la lOan de Majo, I shall 


arrive there next Monday, the 
10th of May. 

La table eMas longa dudek 
futojn ! i)i pezas du cent junto jn 
kaj kosias naudek Hlingojn, The 
table is twenty feet long ; it 
weighs two hundred pounds, and 
costs ninety shillings. 

In all cases similar to the above, 
the accusative can, however, be 
dropped, and a suitable preposition 
be found. 

PREFIXES 

The remaining prefixes are as 
follow : 

Ek denotes the beginning 
of an action or its momentary 
duration. Example : 

Dormi, sleep ; Ekdormi, fall 
asleep. 

Krii, cry ; Ekkrii, cry out 
suddenly. 

Ge denotes the inclusion of 
both sexes. Example : 

Frato, brother ; gefratoj, brother 
(s) and sister (s). 

Mastro, master ; gemastroj, 
masters (s) and mistress (es). 

Note that the use of ge always 
requires the plural. 

Ee denotes that an action is 
repeated or returned once. 
Example ; 

Sendi, send ; resendi, send 
back, return. 

Trovi, find ; retrain, recover, 
retrieve. 
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VOCABULARY 

ah(mpan\ Jun\ June 
accompany jwr', swear, 
Aprils April vow 

Avigmt hansoV , eom< 
tU€nt\ attentive fort, console 
a V ' , grand- konmnk\ con- 
father vince 

month 3Iaj\ May 
buter', butter Mari', March 
cerh\ brain, nep\ grandson 
mind nev\ nephew 

Decembr\ Novembr^ 
December November 

dors'y back nntr', feed, 
eduk', educate, nourish 
rear okcid£rU\ west 

ekdier, outside Oktobr', Octol>er 
Febmar\ ordinary 

February ordinary 

festen', banquet orient', orient 
fianc\ hanc^‘ pec*, piece 
fid', trust Septembi'*, 
fin*, end Septemlxjr 

fis*, fish eekv*, follow^ 

fiat*, flatter eend*, send 

liquid eerc*, search, 

(adj.) look for 

foli*, leaf, sheet ter*, earth, 
g<Mt*, guest ground 

genu*, knee ierur*, terrible 

gUu*, smooth tomb*, tomb, 

griz*, grey grave 

Janmr', Iranhvil', quiet, 

January tranquil 

Jvli*, July 


GREEK 


Exsboisic IX. 

A year has twelve months; July 
is the seventh. It ^ has thirty>one 
days, and follows Jime. The re- 
maining months are January, 
February, March, April, May, 
August, l^ptember, October, No- 
vember, and, lastly, grey and dull 
December. Son and daiighter. 
Brother and sister. Nephew and 
niece. Grandfather and grand- 
mother. Man and woman. Mr. 
and Mrs. Fiano6 and hano^. Ho 
flatters himself, but he did not con- 
vince me. She burst out laughing. 
I begin to think that you wish to 
deceive me. My grandson sent 
the letter back to me. She wrote 
on a piece of ]>a|:»er. I looked for 
the butter, and finally found it 
under the newspaper. I fell on 
my knees, and swore that 1 had 
given back the money. In the 
morning (momingly) "the sun i« 
seen (one sees) in the east. In the 
evening (eveningly) it is in the 
west. The cage hangs on the wall 
outside the house. She quietly jmt 
the liquid back into the bottle. 
My cousins (m. and /.) fed the 
fishes. The leaf fell from the tree to 
the ground. He fell into the river. 
They accompanied him as far as 
the theatre, 'ihey endeavoured 
to comfort her, but could not. The 
best of us must die and return to 
earth through the grave. A 
terrible wind began to blow, and 
the clouds hid the sun. 

Continued 

By G. 


TO Euecisjs VUl. 

Mi t«e bedafiras afidi pri la 
morto de via frato. Oni diraa al 
ini ke vi ne fartas tiel bone 
hodiau kiel hierau. Kvankam 
la rego estas g^acia kaj fortika, 
li estas fiera kaj tie! kruela, kiel 
la plej sovaga besto. Nia lando 
estas la plej kara kaj bela en la 
tuta mondo. Mi no pensas ke 
mi estas jaluza, sed mi vere 
kredns ke hi adoras min pli ol vin. 
Hi komencis liberc diskuti kaj 
disputi pri niaj metodoj, sed mi 
devas konfesi, ke mi ne povis 
esprimi mian aprobon. Cu vi 
povas direkti min al la teatro ? 
Jes, sinjoro, kun plezuro (or, 
plezure). Jen ^ estas, maldek- 
stre. La suno, alta cn la’ cielo, 
varme brilas. Mi estas ^te 
tiel laca kiel vi mem, sed ne tiel 
malgentila. li konstruis altan 
domon el Atono. Via id^o estas 
tro bona kaj int^esa, sed gi 
estas neoportuna. En nia lando 
la popolo estas 4ibera. lli> mal- 
felice perdis grandan nombroh 
da amikoj. «Mi miras, ke mi ne 
renkontis vin kaj viajn amikojn 
kime. Mi pardonis lin, sed li 
fiere foriris kaj fermis la pordon. 
Floroj kreskas dum la tuta 
jaro. 


K. Hibbert, M.A. 


Clasaical and Modern Greek 

Greek is the language spoken by the Greek race. 
When we pass from the period of myth, or semi 
myth, of which the poems of Homer are a record 
(before 850 B.c.), to the historic period, we find 
the Greek race divided into Doiians, .^olians, 
and lonians, each speaking their own dialect. 
These dialects are called respectively Doric, 
.dilolic, and Ionic. Classical Greek consists of 
that form of the Ionic dialect which was spoken 
in Athens during the period of her literary 
eminence (500 to 300 b.c.^ : it is called Attic, 
from Attica, the district in which Athens was 
situated. M^ern Greek is very like the Greek 
of the classical period, and Demosthenes or 
Plato would be able to read without diflSculty 
the newspapers now’ published in Athens. Few 
languages have had such a glorious history, and 
none other perliaps has so influenced the thought 
of the world. 

At the outset, the student is recommended to 
procure a good Greek dictionary, and for general 
purposes Liddell and Scott’s Abridged Greek- 
English Lexicon (Clarendon Press, price 7/6) 
cannot bo improved u]K>n. 

The Alphehet. The Greek alphabet has 
twenty-four letters. ^ 


Alpha "AX^a I A 

Beta B^a I B 

Gamma Vd/j,fia ! r 

Delta AiXra ! A 

Epsilon ’'E\£'(X6^ | K 

Zeta ZrjTa : Z 

Eta *Hra ‘ IJ 


Kappa 

Lambda 


Engltsb 

EQUIVALENT 

a 

b 

g 

fi 

e {short) 
z 

e {long) 
til 

k, or hard c 
1 


Mu 

MO 

>1 

fi 

m 

Nu 

NO 



11 

Xi 

s;? 



X 

Omicron 




o {short) 

Pi 

Hi 



p 

Rho 

*PcS 



r 

Sigma 




s 

Tau 

TaO 



i 

Upsilon 

Phi 




u or y 
ph 

Chi 

X< 




Psi 

Omega 




p». 



Notem; 1 , Omicran mean 8 literally little o/* 
and’Om^a meatfe ** great o/’ 

2. With re«E^ to Sigma, at the end of a word 
tlie form used is r, elsewhere the form is ff—e,g. 
viorrif^nstis (faith). 

3. Trtie vowels are \ e, tj, t, o, w, i>. (>f these 

£ and 0 are always short ; nj and u> always long ; 
a, if V sometimes long, sometimes short. 

4. and i hte^aovble consonants, the first 
Iming composed of k and <r, the second of xand a 
(as in psalm), and the third of 6 and <r. 

Pronunciation. We have not a complete 
account of ancient Greek pronunciation, and 
there is no uniform standard of pronunciation 
of Greek in Groat Britain and the United States. 
Some boldly adopt the ** English” pronuncia- 
tion, and sound the words exactly as they would 
be sounded in English. But the following 
system is far more correct, and may be adopted 
for all practical purposes : 

Pronounce Pronounce 

a as a in iaiher o as o in net 

€ as e in ten la an o in note 

as a in late v as the French u, 

i as t in machine 

Pronounce the consonants as in English, 
except that 7 before k, or another 7 has the 
sound of n (^TyeXof = ang^oe, messenger, angel) ; 
elsewhere 7 is always hard. 

$ is pronounced like th in thin, i* like soft ds 
(not quite like the English z), and x always 
hard, like the German ck. 

Tlie diphthongs may be pronounced much as 
their English equivalents, except that av = ou 
in houH., and ou 3 = ou in uncouth. 

Bremthin^. Every word that begins with 
a vowel or a diphthong has a ** breathing” over 
the vowel or diphthong. The breathing is either 
AmoUh (*), like an apostrophe, or rough ()—e.g. : 
tX$ju>s^ iehthuSf fish; 6d6s=^hodo8f road. The 
rough breathing shows that the vowel is 
asp&ated, while the smooth breathing shows 
that it is not aspirated. 

A diphthong takes the breathing upon its 
second vowel — e.g. : a&rds, vl6s (= huios, son). 

When the consonant p (r) begins a word it is 
generally written with a rough breathing, h — ' 
(rhombus), (rose), while pp in the 

middle of a word is generally written — e.g, : 
lUfihot, Pyrrhus. 

Punctuation MarKo. Greek uses the 
comma and the full-stop, like English. It uses 
also a colon, a single point above the line (*), 
the equivalent of the English colon and semi- 
colon. The mark of interrogation in Greek (;) 
is identical in form with the English semicolon. 

Accents. The student will have noticed 
that every Greek word hitherto mentioned has 
an accent of some kind marked over it — e.g. : 
aMt, B^a. (The accent is additional to the 
breathing in words beginning with a vowel.) 
The Greek system of accents is however rather 
complicated, and had better be treated later on. 
Meanwhile, the student can write his Greek 
without the accents, though taking care to put 
in the breathings correctly. The marks of accent 
were invented for the purpose of teaching 
foreigners the correct pronunciation of Greek. 


Exskcihe I. 

Write the following Greek words in English 
letters ; ^dSev^pw, dtdyifwrit, AyKiipcLf pL€Tafi6p<l>u>ffii, 
kaTa{rrpo^f irayr6fiifios, Sipim, XutKpdrrjs, ^aXrfiptov. 

NOUNS 

There ai*e three declensions of nouns and 
adjectives, corresponding rouj^ly to the first 
three d^lensions in Latin, ^e first is called 
the A declension, and the second the 0 declen- 
sion. These two are the Vowel declensions, as 
op^xised to the third, which contains all nouns 
not of the first or second, and is sometimes 
called the Consonant declension. 

Nouns are declined for number and case ; 
adjectives for number, gender, and case. 
The numbers are three: singular, dual, and 

lural. The dual is used to denote two objects, 

lit its use is not frequent, and it is generally 
replaced by the plural. 

The genders are three : masculine, feminine, 
and neuter. In Greek, as in Latin, the gender 
of a noun is often determined by its ending, 
not, as in English, by its meaning Thus oUla 
(house), is feminine, although house is neuter in 
English. Names of males, however, are generally 
masculine, and names of females feminine. Most 
names of rivers, winds, and months are inas- 
ciiHne ; of countries, towns, trees, and islands, 
feminine, as also are most nouns denoting 
ijiwlities or conditions — t. e., abstmet nouns. 

The Cases are five : 

Answers the question : 

1 . Nominative Who or what ? 

2. Vocative (Case of the person addressed). 

3. Accumtive Whom or what ? 

4. Genitive Whose or whereof ? 

.5. Dative To, for, by, with whom, or what ? 

Notes : 1. The Latin ablative is replaced in 
Greek by the genitive and dative. 

2. The nominative and vocative plural are^ 
always alike. 

3. In neuter nouns, the nominative, vocative, 
and accusative are alike in all numbers ; and in 
the plural of neuter nouns these three cases 
always end in a. 

4. The nominative, vocative, and accusative 
dual are always alike ; and so ai'e the genitive 
and dative dual. 

First Declension Nouns : A Steais. 
Masculine nouns of this declension end in a; 
or vf ; feminine nouns end in a or 17 * 

I'he masculine nouns are declined like the two 
following : veavlas (young man), toX/tv* (citizen). 



Singular 


Nom. 



Voc. 



Acc. 



Gen. 

vtaviov 

voXItqv 

Dai. 

veavlif. 

voXlry 


Dual 


Nom,, Voc., Acc. 

peauia 

TToXlra 

Gen., Dat. 

pcavloLtv 

' * 

Plural 


Nom., Voc. 

pcarlai 


Acc. 

peaplat 


Gen. 

peapiC^p 

TTQMTWV 

Dat. 

pearlais 

iroX/Tatf 
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Note. The little t written under the last 
letter of the dative singular is called iota 
svibacript. The dative ori^nally ended in i, as 
ycavUu, ttoKLtiji ; but the i is now always vrritteu 
below the other vowel. 

Like one or other of the tw'o nouns givej\ 
above decline rajulai, steward ; judge ; 

va&nftj sailor ; Sctrvdrrjst master ; n^/xnys, a Per- 
sian ; yeoffjLirpvfSy geometer ; and (TrpaTidrrrfSy 
soldier. 

Feminine nouns of this declension are de^ 
clined like the four following : (soul), 

oiKla (house), (land), 0A\a<rcr€t (sea). 


Singular 


Nom. \ 
Voc. / 


oida 

Xdipa 

OAXaffcra 

Ac€, 


olklav 

XdfpO’^' ‘ 

BAXacraav 

Gm. 


oldas 

Xdipas 

6d\A(r(rris 

Dat 


oiKltf. 

Xdspq- 

BaXAfftr-p 

N.. F., A. 

il^vxA^ 

Dual 

oIkIol 

Xd}pa 

BaXAtrtra 

Gen. Dai, 

tj/vxoup 

olkiaip 

Xdjpaiv 

BaXAtrcraiP 

Nom,, Voc, 

tpvxal 

Plural 

oIkLoli 

Xwpot 

BAXatrtrai 

Act, 

tf^vxAs 

oikias 

X<^pay 

BaXAtraas 

Gm. 

^vxQp 

oikitap 

Xtaptap 

BaXaertriap 

Dai. 


oUloLts 

X<ipa« 

BaXAtrffais 


Note. 1. Nouns ending in a preceded by e, t, 
or /), retain the a throughout the singular, and 
are declined like oinla or x^pa- Other nouns 
ending in a are declined like PdXaertra, unless the 
a is a contracted form of aa, as upS, {a mina), 
contracted from fiv&a (gen. fivas, dat. fiv^). 

2. The vocative of 'BpfjLrji (the god Hermes, or 
Mercuiy) is not 'Epp,a. 

Second Declension Nouns : 0 Stems. 
Masculine nouns of this declension mostly end 
in oy, neuters in ov. Tliere are veiy few femi- 
nine nouns of this declension, and these few 


end in oy, like the masculine. 

Singular 
Nom. X6yos (word) 

dtapop (gift) 

Voc. 

Xoye 

dtapov 

Acc. 

XAyop 

diapop 

Gen, 

Xdyov 

dtbpov 

Dat. 

X6ytp 

Staptp 

Nom., Voc., Acc. 

Dual 

XAyta 

Stapta 

Gen., Dat. 

XAyoip 

dtbpoip 

Nom., Voc. 

Plural 

\6yoL 

dCipa 

Acc. 

Xd^oi'y 

d(apa 

Gen. 

X6ytap 

dtbptap 

Dat 

XAyois 

ddjpots 


Like one or other of these, decline &vdp<airot, 
man ; vdfios, law ; kLvSvpos, danger ; irdra^ios, river ; 
Slos, life ; BduaroSf death ; 5aPXoy, slave ; i'jnroy, 
iiorsc ; irdX6/Lioy, war ; orpanryd?, general ; Bidd(TKa\ot, 
beacher ; 65<Js (f.), road ; vrjffoi (f.), island ; 

TvKOPf tig ; Ijudncp, outer garment ; tt^op, animal ; 
rdlzop, bow; and dipdpop, tree (except that 
dative plural is dipdptfn). The vocative of 
fdedy, go^ is Bedy. Many nouns in eoy, ooy, and 
70P of this declension are contracted. Thus p6os, 
mind (pods ) ; bone (6<rro0i'). 


Singular 


Nom. 

POVS 

Atrrovp 

Voc. 

POV 

Atrrovp 

Acc.. 

podp 

dcroop 

Gen. 

poO 

AtrroO 

Dat 

Ptp 

Dud! 

dtrrtfi 

Nom., Voc., Acc. 

Pti) 

dtrrtb 

Gen., Dat. 

POIP 

Plural 

dtrrotp 

Nom., Voc. 
Acc. 

poX 

Aara 

POVS 

Atrra 

Gen. 

PCOP 

dariap 

Dat. 

POtS 

Atrrois 


A few nouns of this declension end in ws 
(masculine and feminine) and tap (neuter). This 
is sometimes called the Attic declension. Thus 
P€tS)s^ temple (masc.), and Aptbyctap, hall (neuter). 


Nom., Foe. 

Singular 


P€\i)S 

dpdryetap 

Acc. 

vetbv 

Apdryetap 

Gen. 

Pcd) 

dpc^etif 

Dat. 

P€(p 

dpdrycq) 


Dual 


Nom., Voc., Acc. 

V€t») 

dpdtyeta 

Gen., Dat 

P€<pP 

dpdfyetpp 


Plural 


Nom., Voc. 

Pit^ 

dpwyeta 

Acc. 

petas 

Apthytta 

Gm. 

pedfP 

Avtioyetap 

Dat 

ptt/it 

Apdryitps 


THE ARTICLE 

There is no indefinite article in Greek, but 
there is a definite article 6, the, whicli is 
declined as follows : 


Singular Dual Plural 



i 

Fern. 

i 

C 

1 

1 

1 

i 

Fern. 

1 

N. 

6 

V 

TO 

rdf 

(rd ) 

rt6 


ai 

rd 

A. 

rbv 

rTf)p 

r6 

1 9* 

99 

99 

rods 

tAs 

tA 

G. 

rov 

ryjs 

rov 

rolv 

(rat*') 

ToXv 

rtap 

rtap 

rStp 

D. 

Ttp 

rv 

rtp 


99 

99 

rots 

rats 

ToXs 


It wiU be noticed that the feminine is declined 
like an ri noun of the first declension (^rx^)> &nd 
the masculine and neuter almost exactly like 
a masculine and a neuter noun of the second 
declension respectively (\6yos and Btapop). The 
feminine dual forms rd and ratp (especially rd) 
are rare ; rtb and toip are generally used for all 
genders. The definite article agrees with its 
noun in number, gender and case, as : i) k6pv, 
the girl ; tA 6<rrd, the bones ; raty oiKlais, for the 
houses. 

libCERCTSE II. 

Put into Greek: 1. Of the young man. 
2. To the bones. 3. The sailor (accusative). 
4. Of the two soldiers. 5. Of the law. 6. To 
the animal. 7. The rivers. 8. To the citizens. 
9. Of the temple. 10. The fig (accusative). 
11. Of the island. 12. Tlie girls. 


Se 


nUnued 







THE COMMERCIAL HIGHWAYS OF THE WORLD 

oceau route distaut'es are given in statute miles (69 = 1®) instead of the more usual nautical miles, or knots (60 = 1®), s<.> that they can be correctly compared with those 

of the ti'ans-coutiuental routes 




here would be nothing to “ prove,” nothing 
,0 “select.” The more one contemplates this 
great saying of St. Augustine’s, and the more that, 
in the light of the idea of the social organism, wo 
compare social forces with those that act amongst 
individual organisms, the more impressed must 
we become with the beauty of the analogy. It 

g pressing in a more graphic form : 
election - “ Prove all things.” 

— Individuality ~ Liberalism. * 

” Hold fast the good ” -- Conser- 
vatisf * 

Fast to the Good. When 
^plate the worth of variation, indi- 
originality, creation^ we are apt, 
perlfto appraise the contrary principle at 
lesHj* its true worth. Long ago — if we may 
mere party politics for a moment — the 
^'^’/atives were called the “ stupid party ” ; 
?^ien we contemplate heredity and variation 
nm tii’r realm of life, we see the force of the taimt. 
There is something stupid about heredity ; it 
has no imagination or initiative ; it merely 
holds fa^. But let us for a moment consider 
what would happen if there were no heredity, 
or if, in the organic kingdom, that force were 
much weaker than it is. As before, countless 
variations or novelties would appear in successive 
generations of animals and plants. The dis- 
advantageous variations would lie weeded out by 
natural selection, while individuals with advan- 
tageous variations would Hourish. But of what 
avail would this be for the race if the children 
of such individuals did not tend to inherit their 
parents’ advantages ? Even as it is, such 
children tend to ” revert tt) type,” the same 
being true in human life, as Mr. Galton has 
expressed in his law of regression towards 
mediocrity.” The whole possibility of organic 
progress has depended on the incompleteness of 
this reversion to type, on the fact that immediate 
heredity is strong enough to allow advantageous 
variations to be perpetuated, in some degree at 
any rate, in the descendants of those who first 
displayed them. Thus life has been enabled to 
hold fast to that which is good ; otherwise the 
good would die with the individual and there 
would be no progress. 

What Would Happen Without Con- 
servatism. And in human society the principle 
of conservatism is equally valuable, “ stupid ” 
though we may call it. Without it, what would 
happen? Obviously, we should be without any 
security for the permanence of the valuable. All 
sorts of novelties or variations would continue to 
spring up in all directions. We must never 
forgot that tliough all progress depends upon the 
emergence of new characters or new ideas, yet 
not all new characters and new ideas are valu- 
able ; the great majority of them, unfortunately, 
are much worse than worthless. They are 
reversions or “ throw-backs ” to more primitive 
ages. A congenital idiot is a variation ; the 
birth of such an idea as Nietzsche’s, that morality 
is a delusion, is also a variation, and a pestilent 
one. It is the old brutality cropping up again. 
Hence, without the conservative tendencies 


displayed in varying degree by all of us, each 
successive generation would be in danger of 
letting go the good and suffering from the evil 
until natural selection destroyed it. Take, for 
instance, the institution of marriage. At the 
present time this is assailed by a host of prophets 
of a new social order, their new ideas being, in 
reality, mere “ throw-backs ” or reversions to 
the ideas of remote ages, happily long forgotten. 
If society had not its conservative forces (so 
exactly corresponding to the force of heredity in 
individual organisms), marriage would doubtless 
be abandoned — for a time. It will be maintained, 
however, by those conservative forces, which 
hold fast to that which is good. 

The Better Will Prove Itself. The 

reader will retort, of course, that in any 
given case ix*ople will differ as to the goodness 
or badness ; but, just as natural selection or the 
survival of the fittest, acting as umpire, upon 
the age-long duel between heredity and 
variation, has always proved itself able to 
prove all things, so the same is true in human 
society. Both sides must have a hearing, and 
the ultimate issue will be good. This great 
principle tempts the writer to discuss it in his 
owm words ; but this would not be fair to the 
reader, for it is fortunately possible to invoke 
the literature of the past on its behalf. In 
modem literature there is no expression of this 
principle to approach the second chapter of 
Carlyle's “ Past and Present.” There are five 
pages of this from which it is difficult to choose ; 
but here, perhaps, is the paragraph which best 
expresses our principle, wliieh, be it rememlx^red, 
is nothing leSvS than the mighty principle of 
toleration. Carlyle has been discussing Noble 
Conservatism and Ignoble (’onservatism. Little 
could he guess — writing in 1843 — that a quiet 
student called Darwin, of whom he had never 
heard, was at that moment filling his not-ebook 
with facts proving tliat Carlyle's words 
were based upon tlie so’id ground of nature.” 
To our mind this is a fine examj)le of the faith 
which anticipates knowledge. 

The Eternal Struggle Between Right 
and Wrong. “ For it is the right and noble 
alone (says Carlyle in “ Past and Present”) that 
will have victory in this struggle ; the rest is 
wholly on obstnietion, a postponement, and 
fearful imperilment of the victory. Towards an 
eternal centre of right and nobleness, and of that 
only, is all this confusion tending. We already 
know whither it is all tending ; what will have 
victory, what will have none ! The heaviest will 
reach the centre. The heaviest, sinking through 
complex, fluctuating media and vortices, has its 
deflexions, its obstructions — nay, at times its 
resiliences, its reboundings ; whereupon some 
blockhead shall be heard jubilating, ‘ See, your 
heaviest ascends ! ’ But at all moments it is 
moving cent reward, fast as is convenient for it ; 
sinking, sinking ; and, by laws older than the 
world, old as the Maker’s first plan of the world, 
it has to arrive there. . . , Fight on, thou 

brave, tme heart, and falter not, through dark 
fortune and through bright. The cause thou 
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LIAVINCJ studied the distribution of the chief 
“ natural commodities we must now turn our 
attention to the economic conditions of different 
countries. Commerce depends on one person or 
f>eople iirodiieing more than they want of something 
which another person or people do not produce, or 
produce in insufficient quantities. 'Phe excess or 
defect of production may be due to natural condi- 
tions or to the stage of economic development of a 
pcoidc. For instance, most plants are confined to a 
particular zone — *cotton, sugar, and coffee to the 
warm, tropical and sub-tropical zone, oats to the cool 
tcm|)eratc zone. Again, (*oal is exported from Britain 
to the Baltic because there is practically no eo.nl 
(|nite near the Baltic coa.st; but coal is e.xportcd 
from Britain to (^hina, not because there is no coal 
in rhina, but boeaua(5 the vast coalfields there have 
not yet been properly o|)ened up. It will l>e useful, 
therefore, to consider how coimtrie.s may be groufied 
aecording to their natural products, taking into 
consideration the economii- conditions of their 
inhabitants. 

Zones of Different Natural Products. 

Tlic first broad distinctions are l>etween the hot or 
tiopical, the warm or sub-tropical, the cool or 
tcm|HTate, and the cold or Polar lands. In each 
belt varieties occur according as the rainfall is 
heavy, moderate, or very scanty. The natural 
vegetation gives the key to these different divi- 
sions, and the products of each typo of forest, 
grassland, or desert are discussetl in previous 
articles. 

The Chief Trading Countries, in our 

own country, in most of Euro]) 0 , North America, and 
Eu?‘ 0 |M*an colonie.s, modern methods of cultivation, 
of transport and commerce have been introduced. 
Stock-raising, fishing and agriculture are carried 
on for the market, and the working of minerals 
and the development of manufactures are develofied 
on a large scale. These countries may he further 
subdivided into two groups — those importing food 
and raw materials and exporting manufactured 
articles — such as Central an^l Wosterii Europe and 
Eastern North America ; and those largely export- 
ing natural and cultivated products, and im|>ortmg 
mami factnred goods, such as Eastern Europe and 
Kuro[>ean settlements in warm and cool temperate 
zones. 

The Eastern Awakening. In Japan, 
Cliina, and India, the soil is even more carefully culti- 
vated than with us, but metal-working and manufac- 
ture by modern methods on a vast scale have only 
"Of ‘ently been introduced. The trade of these countries 
resembico that of the group last considered in that 
they still expo.-t natural TCoducts and import 
manufactures. methods of agriculture are 

laborious, labonr-sav machinery is little used, 
products are grown rat mly for home use, mamifnc- 
tures aud metal-working may be described as 
domestic, for the factory system has only recently 
been introduced. Japan is at present the most 
advanced of these countries, but India and China 
arc following it. 


The Poor Lands of the World. The 

poor lands around the Poles and the desert margins 
have too little natural wealth for exportation on a 
vast scale, but here and there, where rich mineral 
deposits oc'ciir. such as gold in Klondike, or when* 
irrigation can be practiw^d, as in Kussiau Central 
Asia, a dense and busy population is concentrated 
in districts usually of limited area. The lumber, 
etc., of the forest [pages 4(M7-Sj. and the animal 
wealth of the seas Ipage 5121] are the chief other 
commodities. The trade is on<* of export of natural 
products or minerals more or U‘ss worked up in 
exchange for manufactures. 

The R.ich Hot Lands. I hc rich grasslands 
of the hot lx‘lt have a denser })opulalion engaged in 
agricultur(‘, jia.storal ynirsiiits, and even domestic 
manufacture. A considerable local trade is dc- 
velo|>ed. Their cv])ortH are mainly natural iiroducts, 
for which manufactures arc taken in c.\<-hangc. 
They differ from the ])oor lands in possessing vast 
possibilities, and here and there, under Eurotanm 
stimulus and supervision, are producing on a large 
scale — for exampl(\ bananas in the West Indies 
and cotton in most of the area. 

The hot wet forests arc much more backward. 
There is little agriculture or even domestic manu- 
facture. The spontaneous products such us rubber, 
oil palm, coeo-nuts arc exported in exchange for* 
light cloth, hardware, and firearms. Tn the distant 
future these forests may become invaluable sonrei‘.s 
of supply of vegetable foods and raw materials. 

The Study of Economic Geography. 
The first question to ask in studying commercial 
geography is what are the natural (“onditions of a 
country, its vegetation, its animal iirodiicts, its 
mineral wealth ? Next come considerations of density 
of population — how far the country can sup^iort tlic 
]ieople, how far routes are o]X‘ned up to allow its 
districts to communicate with each other and witu 
otluT lands. 3’heso points have already been dealt 
with in the general geography. 

The next consideration is the comnioree of the 
land — how far it has commodities to export, and 
how far it must obtain necessaries and luxuries from 
outside its boundaries. From the outset the student 
is strongly advised to make use of statistical publica- 
tions. It is not necessary to remember the detailed 
figures, but it is important to grasn the relative 
im])ortance of the different (‘xports anti imports, and 
to try to understand what they mean geographically. 

In the following sect ions such statistical tables will 
be freely used at first, and their significance })ointed 
out, so that the student may liecome familiar with 
the examination of such tables for the purposes of 
commercial geography. I^ater, when he is thoroughly 
practised in this, it will not be .so necessary to print 
many tables, hut merely to refer the student to them 
in such annuals as the “Statesman’s Year Book,” the 
“Daily Mail Year Book” or“ Whitaker’s Almanack.’' 

It is easiest to begin with the simpler conditioni 
of the lands last mentioned, and to end our survey 
with the economic activities of the complex nioden 
states of European peoples and their descendants 
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How Decoration is Applied to Pottery. Clay Decoration. Printing 
on the Biscuit. Coloured Glazes. Chromo-Lithography. Lustres 


By MARK SOLON 


THERE is no industty which lends itself to so 
* many varied forms of decoration as pottery 
manufacture. At aJmost every change in the 
state of the clay opportunities are afforded for 
introducing colour and decoration. If we 
exclude the plastic property of the clay, which 
<*nables us to create now and decorative forms 
hy the help of the modeller, there remain five 
distinct technical methods of decorating the 
ware. Taking those in the order in which they 
occur in the process of manufacture, they arc : 
( 1 ) colouring of bodies or clays ; (2) introduction 
of colour on the biscuit either by printing or 
painting ; (3) use of coloured glazes ; (4) appli- 
cation of soft colours or enamels on the glaze ; 
(5) metallic or lustre decoration. 

These methods used either 
singly or in combination with 
each other give us an endless 
field of decorative effects. 

The Application o f 
Colours* It is not necessary 
here to dwell upon the methods 
of the sculptor or modeller, 
which, although they con- 
tribute so much to the decora- 
tion of tlie pottery, must be 
considered as a separate art. 

We will, therefore, confine our- 
selves to the application and 
production of various colours. 

Tht'se colours dejKmd en- 
tirely on certain metals and 
their preparation and behaviour 
under different treatments. 

Those most commonly used arc 
iron, cobalt, chromium, nickel, 
jnanganesc, copper and anti- 
mony. Tlie more expensive and 
rare metals, such as gold, silver, 
uranium, platinum, titanium, 
are used in small quantities to 
give certain effects. 

Preparing Colours for 
Bodies or Clays. In pre- 
paring our colour for decoration 
with bodies or clays we are 
limited to those metals whose 
colouring properties will with- 
stand the heat necessary to 
vitrify the clay, or, in other 
words, the temperature of the biscuit oven. In 
every cose a small quantity of the suitably 
prepared metal or its salt is intimately mixed 
with the body, being introduced in the form of an 
extremely fine powder. The colours which can 
be obtained are roughly : 

Black : Black generally results from a mixture 
of iron and manganese, preferably mixed with 
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the mafl or clay, which aheady naturally 
contains a quantity of oxide of iron. The 
colour is made richer and deeper by the addition 
of a small quantity of oxide of cobalt. 

Blfk. Blue tints are derived from the oxide 
of cobalt mixed with a white body. The brighter 
or sky blues are obtained by calcining the cobalt 
with an excess of alumina before introducing 
into the body. Indigo tint is due to an excess 
of silica and the presence of zinc. 

(jREKN. The oxide of chrome mixed with a 
white body gives the foundation of all green 
tints. They may be made more blue hy the 
addition of cobalt, or yellow^ by the intro- 
duction of iron or nickel oxide. 

Yeli/)W. Yellow is due to 
the oxide of iron, and is gene- 
rally produced by introducing 
marls which contain a quantity 
of the oxide. Lighter tints 
are sometimes made by mixing 
a small quantity of rhutile 
(titanate of iron) with the white 
body. Tjiis latter stain is more 
permanent, and will stand a 
higiier temperature than the 
natural marls, which, after a 
certain heat, have a tendency 
to go grey. 

Brown. Brown is given 
by a mixture of chrome and 
iron, or the chemical combina- 
tion of the two, chromate of 
iron, with a white body. If a 
natural marl containing iron be 
used, the tint may be obtained 
by the introduction of a small 
quantity of manganese. 

Red. The dull reds are due 
to natural red marls in wliich 
the staining agent is iron. 

Brighter tints may bo 
obtained by mixing with a 
felspathie body a natural sili- 
cate of iron obtained from the 
South of France and known 
as “Gres do Thiviers,” 
Avhicb, after calcination at a 
high heat, dovelopes a bright 
red tint. 

Clay Painting. All the 

above colours are applied to the clay piece before 
it becomes dry — that is, when it is sufficiently 
dry to withstand tlio brush. The painting 
in coloured bodies is laiown as BarboUine 
paifUing. Other decorations which might be 
included under this heading are the jasper 
ware of Wedgwood [20], in which the ornament 
in white or coloured clay is applied to pieces of a 
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different-coloured ground. MouIcIh having )>eon 
prepared, either in plaster, pottery, or hard stone, 
of the ornament which has to appear on the piece, 
impressions are taken from them in clay in the 
white or coloured body. Tlic ornament is then 
applied to the vase, ^ 
the back of the clay 
impression being 
first of all moist- 
ened >vith thin slip. 

Marble or agate 
ware [21], in which 
a striated effect of 
various col GUI’s in 
imitation of these 
stones is required, 
is produced by 
roughly mixing 
together layers of 
different - coloured 
clays before the 
jnece is pressed. 

Sgraffito. 

Sgraffito [22] is a 
method of decorat- 
ing in two colours. 

A layer of white or 
tinted clay is laid 
upon a body of darker colour, 
background of the ornament 
scraping away the top layer 


21. “AGATE ware” TEAPOT 


The lines and 
are made by 
of lighter clay, 
rcA^ealing the darker body underneath. 

Colour Applied on the Biscuit, or 
Underglase. The metals used 
in the process of decoration in 
wdiich the colour is applied on 
the biscuit, or undergiaze, htc 
almost the same as those in the 
pi'evioiis method. Tn the ease of 
the black, blue, gretui and brown, 
the metals are the same. How- 
ever, to reduce the strength of 
the stain, and in some eases 
to develop a particular tint, t lie 
metals are first of all calcined 
with other ingredients. For 
instanee, the staining power of 
cobalt, w'hich produces blue 
tints, considerably increases by 
calcining it first of all w ith such 
fluxes as zinc or baiyta. TJie 
brighter tints, as has already 
been said, are produced by 
calcining it with an excess, about 
one to twenty, of alumina. 1'lie 
deep browns are produced from 
the pure chromate of iron. Tlu^ 
lighter and redder tints are 
made by introducing an excess 
of alumina and zinc. Olive 
green is due to chrome oxide 
alone, calcined with an excess of 
china clay. Blue-greens arc pro- 
duced by mixtures of chrome, cohalt and zinc. 
Whore a mere flux is required to lighten the 
tint of any particular colour, the mixtui’cs 
already referred to arc reduced with such mate- 
rials as flint, stone, ground biscuit, or tin ash. 


Yellows are produced by calcining tlic oxide 
of antimony with oxide of lead. 

Reds do not exist in undergiaze diH?oration.=?, 
the nearest colour being a bright crimson, which 
is obtained by a mixture of oxide of tin, whiting, 
-- and oxid(5 of 

chrome. The mcfal- 
lie oxides, aft cm* 
having liocn inti- 
mately mixed with 
their fluxes and 
ealcinod, are finely 
ground in W'atei. 
washed, and dried. 

Printing. 
Printing from en- 
graved copjier plal<- 
IS the most common- 
form of uudorglaw‘. 
deeoration. The 
colour is mi.xed 
with linseed oil, 
which has pre- 
viously been hoik’d 
until it has thick- 
ened. The copiKM' 
platt* is heated an<I 
charged with tin 




mixed colour. After the superfluous colour ha 
been sci’apt‘d from tlie plate, a piece of thin 
paper, wet w ith soap .size, is placed upon it, and 
the two put through a cylindrical press [23], 
On pulling the paper from the plate it brings 
with it the colour left in the 
(*ngraved lines. Tiiis is placed 
earefully upon the biscuit ]>icco 
face clowiiw'ards, and rubbed 
with a flannel rubb<‘r until tho 
pattern is fairly transferred to 
the piece. 

The Printing Machine. 

Tn some eases. es}K*cially where 
large ({uanlitics of one potteni 
are to b<^ i>rinfed, machines are 
employed [24J. The machine 
consists of a copper cylinder, on 
tho surface f)f which the pattern 
is engraved. Tlie cylinder is 
made to revolve slowiy, colour 
being fed upon it from a small 
open trough. The superfluous 
colour is scraped olf witl\ a flat 
steel knife, tlie edge of whiiii 
fits closely again.st the surface of 
the copper. Tlie paper, wdiieh is 
w^ouncl upon a large reel, is made 
to pass underneath the cylinder, 
meeting it at tiu' point wiien? 
tho engraved lines only are 
charged with colour. ‘The pat- 
tern is transferred to the pap<*r 
by the pl easure of a roller covered 
^ indiarubber, which is 

In 
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ith indiarubber, w h i c h 
brought to bear against the copper cylinder, 
this way the paper bearing the pattern is delivered 
from the machine in a continuous band, which is 
cut as required and applied to the biscuit waro 
in the manner already explained. TTio pieces 
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arc then put into the water* the paper washed 
ofif, leaving the engraved pattern on the hiscuit. 

The oil is then generally burnt out of the 
colour in small muffle kilns, and the piece dipped 
in the glaze and fired in the ordinary way. 

When the decoration is painted, the medium 
mixed with the colour is 
either gum tragacanth or 
turpentine. 

Coloured Glai;es. 

Coloured glazes arc produced 
by melting or mixing with the 
transparent glaze the metals ^ 

aln^ady referred to. The com- 
position of the glaze, however, 
varies the tints given by the 
di fteren t metals. F or instance, 
cobalt, if mixed with glaze in H H 

w'hich tJiere is a preponder- ■ H 

anco of lead, develops a deep 
indigo tint ; if with an excess 
of alkalies, such as soda and 
potash, it develops a much £3. cylindrical 
brighter colour. An excess trintino press 
of soda in the glaze with (w. Boulton, Ltd.) 
copper develops a turquoise 
blue, hut if lead bo in excess the copper gives a 
green tint. Potash with manganese gives a bright 
violet. Yellows are formed by the introduction of 
iron oxide in a lead or alkaline glaze, or from the 
chromate of lead. Reds are formed from the 
mixture of tin, whiting, and chrome already 
referred to, together with a soft lead glaze. Tlio 
glazes may be painted on the biscuit, the ornament 
being defined by raised lines previously formed in 
tbe clay [ 26], Without these lines the glazes on 
melting would have a tendtuicy to mix with each 
other where they meet, and so make any definite 
form of ornament impossible. If varying shades 
of the same colour lie required, modelled sur- 
faces may be covered with coloured glaze, lighter 
or darker tints being produced according to the 
thickness of giaze accumulating in the depressions. 

Application of Soft Colours or 
Enamels. Up to the present our palette has 
l>cen somewhat limited, owing to the heat 
neccssaiy either for the firing of the clay or 
melting of the glaze. In the application of soft 
colours or enamels on the glaze, however, our 
range of colours is almost endless, as only a 
feeble heat is necessary to remelt them on the 
surface of the glaze, the base, or, as it is termed, 
the with which metallic oxides are mixed 
being an extremely fusible lead or alkaline glass. 
In the majority of cases, a flux composed of 
lead, borax, and sand is used. This is melted 
like an ordinary frit, and afterwards ground or 
remelted with the colouring oxide. The metals, 
in order to reduce them to a flne state of division, 
are usually dissolved in hydrochloric acid, and 
then precipitated with carbonate of soda. They 
are afterwards well washed and dried. 

The decoration is generally painted on the 
ware, the painter using turpentine and essence 
of lavender as a medium to carry the colour. 
Where great depth of colour is required, the 
pieces are fired sometimes three or four time;), 
further tints being applied between each flring. 
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Chromo ■ lithography. Another form 
of decoration on glaze which in recent years has 
become extensively used is that of chromo^ 
lithography. Tlie lithographic stones are drawn 
and prepared in the usual way, but printed with 
ceramic colours on highly- varnished paper. 
Between the varnish and the paper is a thin 
layer of gum and dextrin. The lithographic 
transfer is placed face downwards upon the ware, 
which has been previously heated and sized with 
a preparation of resin. After being rubbed 
firmly to the ware the piece is put in water, 
when the gum and dextrin dissolve, allowing 
the paper to float away, and leaving the varnish 
and colours upon the glazed surface. 

Gilding. The application of gold to the 
glazed surface is an important featim^ in the 
decoration of pottery. If used in combination 
with other processes, it is always the lost' stage of 
decoration, requiring only a very slight tempera- 
ture to fix it to the glaze. The metallic gold is 
prepared by grinding it finely in water or tur- 
pentine, with mercury, silver, lampblack, gold 
alloy, and a small quantity of soft flux composed 
of lead, borax, and flint. 

It is either pencilled, printed, or stippled wdtli 
cotton -wool on to the ware. After tiring, tlie 
gold, which presents a dull apix^anince, is scoured 
with fine sand and burnished with pieces of hard, 
highly-polished stone. 

A cheaper form of gilduig is by using the gold 
in tlie form of a lustre and known as “ Liquid 
Gold.” In this case the salt of the metal is inti- 
mately mixed with a large quantity of oils and 
resin so that the preparation contains only a 
small quantity of actual gold. It is brilliant after 
firing and so requires no scouring or burnishing. 

Firing Enamel Colours. All decora- 
tions on the glaze arc fired, in ordei’ to fix them 



24. PRINTING MACHINE 
(T. Smith & Sou, Kanley) 


to the surface of the piece, through muffle kilns. 
Tliese kilns consist of fireclay boxes, generally 
about 3 ft. 6 in. wide, 7 ft. high, and 10 ft. long. 
They are built up of thin fireclay slabs, tongued 
and grooved on eveiy side in such a w ay that the 
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joints between them do not allow any sulphurous 
or injurious fumes from the burning fuel to enter. 
Aroxmd the box are arranged a number of flues 
connected with the Are holes. The flame, on 
leaving the mouth, wraps lound the kiln once, 
and sometimes twice, before escaping into the 
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25. HLES DECORATED WITH COLOURED O LAZES 
(Minton ’ti, Ltd.) 


chimney. Figure 24 shows an elevation and end 
view of a muffle kiln, which is down-draught 
in principle. The pieces are placed inside the 
inner chamber on iron shelves built up with 
stout iron props of varying heights. The firing 
lasts from 10 to 12 hours, and the heat 
attained is from 900'^ to 1,000^ C'. The fire- 
man gauges the heat of the kiln by drawing from 
it small pieces of pitelier, which have la'cn 
coated with rose colour. This colour, which 
is prepared from a precipitate of gold and tin, 
varies accurately in tint with the increase 
of heat. The following table gives the degrees of 
Jicat at each variation in tlic tint of (he colour: 


Reddish brown 


050" C 

Red . . 

. . 

800" C 

Rose piu-plc . . 


mio" c 

Violet rose . . 

. . 

020° C 

Violet 


050° C 

PaU* violet 

Slight violet tint (rose colour 

080° V 


destroyed) 1,(MM>^ C. 

Lustre Decoration. Metals, such as 
gold, platinum, silver, uranium, cop}X‘r. and iron, 
may be applied to the surface of the glaze, 
and by suitable preparation give an iridescent 
or lustrous effect to the glaze, after firing at a 
low heat. This is done by dissolving the metals 
in acid, and intimately mixing them with such 
substances as sulphur, essence of lavender, and 
other reducing agents, which tend during the 
firing to keep the metal in its metallic state. 
The method of preparing these lusfres is one 
which requirc^s great care and attention, the 
metallic salt being combined with reducing agents. 

Preparing the Lustres. To prepare 
yellow lustre, for example, dissolve 30 parts of 
resin in a capsule resting in a sand bath, which has 
been gradually heated. When the resin is molted, 
add ittle by little 10 parts of nitrate of uranium, 
stirring constantly, \\liilo still stirring, add from 
35 pa’-ts to 40 parts of essence of lavender. Wlien 


this mixture has become thoroughly homogene- 
ous by the constant stirring, remove the capsule 
from the sand bath, and add little by little a 
further 30 to 35 parts of essence of lavender. 
Allow to cool for several hours before using. 

The other metals are prepared in a similar 
manner, the essence of lavender being some- 
times replaced by turi)entine or any other oil 
which does not precipitate the substances with 
w’liich it is mixed. In tlie same way the resin 
may be replaced by sulphur or (.Canada balsam. 

The lustre is pencilled upon the ware in thin 
coats, and fired in muffle kilns at a low heat. 

Two Recent Productions. Some idea 
of the almost unlimited combinations of mate- 


rials and treatment producing varied decorative 
effects can bo formed from a short descrip- 
t4on of two recent productions, Rouge Flamb6 
and Cryslalline glazes [see Plate facing page 
5233]. The former, which is essentially a 
“ flame ’’ red colour, is obtained by submitting 
a glaze containing copper and tin to reducing 
atmospheres — that is, during the melting of this 
glaze the atmosphere in the kiln is charged with 
unconsumed carbon generally by introducing 
coal ga.s w'ithout the necessary air to bring about 
its complete combustion. This change in atmo- 
sphere turns the copper from green to bright red. 

CVystalline effects, which appear like clusters of 
opaque w^hito or coloured stars floating in a 
transparent glaze, are produced by charging the 
glaze with an excess of some material (generally 
zinc) w hich has the property of separating out in 
cr 3 rstalUne forma- 
tions as the molten 
' glaze cools. The 

\'|; J action similar to 

I which takes 

® I I place when salt has 

ral I been added to excess 

\ 3'| I If R boiling wat c^r. 

-P-rTf ' While the w'ater boils 

■ 7 the salt apjK^ars in 

, > Rolu t ion, bu t on cool - 

^ ing crystallises out on 

" the sides of t he vps.sel . 

26. SECTIONAL ELEVATION Some of the examples 
OF MUFFLE KILN shown ill the plate are 
Arrows iiidicaU* the course of productions of 

the flume ,, * t»*ii • i. 

Messrs. Pilkmgton 
& Co., Ltd., and are the result of long research by 
the well-known ceramic chemist and author, Mr. 
William Burton. In tlic sjieoimens A, E, F, H, J, L, 
Mr. Burton htis successfully reproduced the 
achievements of the early (.•hiiieae potters. 

TJie other pieces shown on this plate, B, C, 1>, 
G, K, N, O, P, Q, R, S, are various Flaml)e 
efl’ects by Messrs. Doulton & Co., Ltd., Bnrslem, 
and manufactured under the jx^rsonal direction 
of Mr. Cutlibcrt Bailey, who has done much to 
make tJio production of Flambe a commercial 
success, and to systematist^ a process which up to 
recently has been greatly a matter of chance. 
Although the processes explained at the 
beginning of the article are those mast generally 
used, the decorative potter may have recourse 
to an almost endless number of methods. 


Continued 
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THINGS THAT LIVE FOR EVER 

SOCIOLOGY 

12 

The Things that Make for Progress. Liberalism and Conservatism and their Rela- 

Cmiiitiueil from 

tion to Progress. Necessity of T oleration and Freedom. T ruth is U nconquerable 


By Dr. C W. SALEEBY 


need waste no time n])on those who declare 
that progress is a rnytli. The answer to this 
assertion in all its forms may he conveniently 
expressed in the one word “ Darwin.” The 
critic who does not know wliat that name 
stands for should play marbles. He may 
become efficient at that, but sociology is not for 
him. In these days we are able to go right on. 
and. recognising progress as the greatest of 
facts, to ask what are its laws and condi- 
tions. What is the meaning of the past to us ? 

We are the Product of the Past. In 

the first place, we are its products ; wo are, 
Avhoreas, it only ; it has done its work, 
and from that point of view our business 
is not with it. but with its results. There has 
been far too much idle looking backwards, but 
if this course has taught us anything it is that 
we may look backwards not idly but wisely. 
We therefore turn d(‘liberately backwards, but it 
is the future of which we think. To tell the 
slory of the past, evolution of man without any 
reference to what it signities in the future is, as 
lias well been said, to set out to tell a good story, 
and to leave out the point. We do not mean to 
l(‘avo out the point. In virtue cliieHy of th(‘ 
work of Cliarlos Darwin, uork which we may 
associate with the year 1859, when he published 
one of the greatest books (>f all time, we know 
now that all kinds of animals and plants, small 
or great, highly organised, or lowly organised, 
owe their existence to the operation of certain 
factors, very easy to understand and explain. 
The terms ue may recall arc “the survival of 
the fittest” and “natural selection,” which, 
however, is not a good terra, for it does not 
explain itself. 

What the Law of Progress is. Neither 
Darwin nor Spencer, who preceded him by a few 
years, nor Lamarck, nor Darwin’s own gi’and- 
fatlier, Krasmus Darwin, was the originator of the 
idea f>f oi ganic evolution. We find it even amongst 
the Greeks, and we find it expressed six hundred 
years hcforc Christ, by t^ose two mighty con- 
temporaries, Gautama, the Buddha, and Hera- 
oleitus, of Ephesus. Many people, thus, had 
said that organic evolution had occurred, this 
involving the proposition that progress had 
occurred, since no quibbling about the meaning 
of the word progress and no {lessimism can 
explain away the difference between man and the 
worm. But none of Darwin’s predecessors had 
clearly showed whi/ organic evolution should 
liave occurred, or given n practical instance of how 
it was occuning. Darwin established an ejJoch 
because he showed us the Law of Progress, prac- 
tically illustrated in living nature. theory, 
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in brief, is this : that all kinds of animals and 
plants, high or low, large or small, tend to multiply 
at a very considerable rate, as we human being* 
do, and in fact all of the candidates for life. 
In the new generation some are lietter fitted 
for life in the environment in which they find 
themselves than are others, and as there is not 
room for all, there occurs a struggle for existence. 

Nature is Cruel to be Kind. The struggle 
for existence among men, or the lower animals, or 
miciobes, or anything you please, is easily ex- 
jilained. If there be room for only a proportion of 
the total, and if we individuals vary in our fitness, 
it is necessary that the fitU‘st shall survive, 
whereas the wc^akest shall go to the wall. That, 
of course, credits Nature with a cirtain brutality. 
But if we come to (;onsider what the result of the 
Survival of the fittest is, we shall s(‘c that Nature^ 
is really cruel to be kind. Like tends to beget 
like ; and the descendants of the unfit, whetlier 
of an oak, an ox, or a man, tend to rescunble 
their parents i n their unfi tness. The descendant s 
of unfit iiarents will tend to be like their parent n 
and will also find the struggltj for life hard. If, 
therefore, unfitness is allowed to propagate mon‘ 
unfitness, then life will bc^ hard for all wlio are 
to coim' ; while, on the other liand, fitness will 
tend to produce a fitU'r race. Hence the action 
of natui-al sek;ction is seen to makf* for the 
increase of fitness, and therefore for the increase 
of liappiness. Happiness and fitness go together 
in any sphere. lUierefore the law of natural 
selection or the survival of the fittest must 
not Ijii condemned outright as a brutal law. 
Terrible it undoubtedly is, according to the 
higher morality, which, by the greatest of 
paradoxes, it has itself evolved. But if w look 
at it for one moment, if we observe its results 
in the future, we sec that it is iinqiu'stionably 
a beneficent law. It dominates the history of 
living things without exception. 

The Good In Men Lives After Them. 

What we call individuality or personality among 
human l^eings is only a special case of the great 
fact which biologist.s call variation. It is the com- 
plement of heredity, the tendency for the offspring 
to vary in some character, and in some degree, 
from the parent seems to be a universal property 
of living matter. Such a variation is absolutely 
distinct from any change produced in the child 
by education or environment. Generally speak- 
ing, acquirements are not transmitted to th<* 
next generation, but variations are ; and this it is 
which gives them such vast importance in rela- 
tion to the future of society. We will not say 
that acquirements are of no importance except 
for the individual, for it is one of the cardinal 
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factB of human life that the most valuable of 
acquirements, though they are not transmitted by 
physical heredity, are yet transmitted by social 
heredity. The learning of a Newton does not 
appear in liis child, yet in a true sense we are all 
his children, and his acquirements have not died 
out ; as has well been said “ the good men 
write lives after them.” So profoundly true is 
tliis that some thinkers have inclined to explain 
the whole of human history, and the whole 
difference between human society and societies 
of lower animals, in terms of social inheritance. 

Nature does not Create, but only 
Selects. But for our present purpose the 
measure of truth in such arguments does not 
matter. Even Ranting that the acquirements of 
the individual may thus be made permanent and 
may thus be transmitted — just as his inborn 
variations may be transmitted, though by very 
different means — the great fact of the use of indi- 
viduality remains. We can entirely ij^ore the 
distinction between variations and acquirements, 
and can still recognise that, in any case, it is 
the accomplishments of individuals that have 
made progress possible. We must never forget 
that natural selection does not create but merely 
selects. The truly originating or creative act is 
the production of variations, and the original 
character which is called variation in a rose is 
illustrated in the individuality of man. No 
biologist has yet been able to explain how 
it is that variation occurs, but our present 
business as students of sociology is simply to 
recognise that it does occur. 

Biology teaches us that if there be no 
variation there can be no progress. Natural 
selection would still act among, for instance, 
the tigers — some of which, by assiduous practice, 
u ould have ac(iuired bigger muscles than others ; 
but the tigers thus selected would not transmit 
tlieir bigger muscles to their offspring — there 
would be no evolution in the direction of 
strength. 

The Things that Account for To- 
morrow. Apply this to man. Suppose that 
there w'ere no variations in his case, and 
that we were all born identical. Since 
the environment of every man is different 
from that of every other — no two men have 
read exactly the same books — we should still 
eome to differ from another. As the writer has 
said elsewhere, ” Those who had made the most 
advantageous acquirements, such as industry 
or great knowledge, would tend to survive and 
prosper, while those who had made disadvan- 
tageous acquirements, such as laziness or the 
loss of sight or limbs, would be pushed to the 
wall. That process, of course, occurs in society 
a,t the present day to a greater or less degree, 
but it has only immediate and contemporary 
consequences. For if we recall the assertion 
that acquirements cannot be transmitted, we 
shall see that the selection of those who have 
made advantageous acquirements cannot benefit 
the next generation^ since those acquirements 
die with their makers. The only process of 
natural selection which can result in progress is 


one which consists in the selection of favourable 
variations, the reason being that such are trans- 
missible, and that the children of pei^sons so 
selected will tend to inherit their parents’ 
good fortune.” Man himself is the product of 
the working of this law during past ages. In 
those ages, at any rate, acquirements had no 
value except for the day and the individual 
ivho possessed them. “It is inborn characters, 
including variations — and all inborn characters 
liegan as variations — that alone count for to- 
morrow.” 

Society ie Made Up of Variations. 

In general we may say that man is the least 
mriable and the most (idaptahle of anitnals, but 
we may be sure, nevertheless, that no two 
human individuals are absolutely identical at 
birth. It follows that society is not a collection 
or structure made up of similar units, hut of 
units which are necessarily and constantly 
dissimilar. This is an ultimate biological 
fact which no social contrivance — and least 
of all any attempt to deny or ignore it 
— will affect. Obviously, it must have immense 
significance, especially if we rememljer that 
these dissimilarities tend to be inherited. How, 
then, must w^e interpret it sociologically ? 

Are we to w'elcome it or regret it ? What is 
its relation to progress ? 

The answer is that through all the ages 
variations have constituted the raw material 
of progress. Unfit variations have rapidly 
disappeared ; valuable variations, making their 
possessors fit, liave enabled th(*m to survive 
and multiply and to inherit the earth. If the 
value of variation be true of the lower animals, 
it is truer still of man ; and this for several 
reasons. In the first place, since man is the 
least variable of animals, variations are rarer 
and have the w’orth of rarity. Far more 
important is the second consideration, that 
variation assumes a new’ form in the case of 
mail — a higher form having a proportionately 
higher worth. 

Genius is not Born to Die. When the 
biologists teat'll us that man is the least variable 
of animals, we should rc‘men»ber that they are 
speaking only of physical variation. When w^e 
as«^end from the physical to the psychical 
plane we find that the dictum of the biologists 
is no longer applicable. Man is now the 
most variable of animals, or rather of spiritual 
beings ; and it is because his variations 
are on this exalted plane that they arc of such 
worth. Take Shakespeare, for instance ; his 
individuality, personality, or genius was a case 
of psychical variation of great magnitude. A 
physical variation of similar magnitude would 
have been the possession, let us say, of half a 
dozen arms or hands, the worth of w'hich 
would have been nothing at all, but the worth 
of Shakespeare’s psychical variations was im- 
measurable. As Charles Reade said of Erasmus, 
in closing his greatest novel, “ The words of a 
genius so high as his are not bom to die : their 
immediate work upon mankind fulfilled, they 
may seem to lie torpid, but at each fresh shower 
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of intelligence Time pours upon their students 
they prove their immortal race ; they revive ; 
they spring from the dust of great libraries ; 
they bud, they flower, they fruit, they seed, from 
generation to generation, and from age to age/’ 

The World's Gain Through BooKs. 
And there is yet a third reason why human 
variation, which is psychical variation, is of 
such great worth. It is "because of the possibility 
of social as distinguished from physical in- 
heritance. A useful variation in the case of 
one of the lower animals is worth nothing to the 
race unless that animal liave children which 
will inherit and tranjmiit it. Now Kant and 
Herbert Spencer were bachelors ; the psychical 
variation which expressed itself in their genius 
■was not transmitted by physical inheritance — 
which, in any case, is terribly uncertain in matters 
of genius. Yet, society would liave lost im- 
measurably without those conditions of lilierty 
which, imperfect though they were, at any rate 
permitted them to say their say — to which men 
will listen to the end of time. This point, 
that jisychical variation in man is of value 
because it can be transmitted to subsequent 
generations by means of books, is one of the 
utmost importance. 

And now surely wc see that if individuality or 
variation has been the first condition of all 
progress in the past, of all the base degrees by 
which we did ascend, individuality, or psychical 
variation in the case of man, is in even greater 
measure the first, and essential condition of all 
human progrc'ss. The law of progress is this : 
that everifUfiiu'i which is new and- true and good 
shall be given a hearing. This doctrine, which 
tlie writer has endeavoured to base upon the 
facts of biology, will immediately introduce 
us to the great conception of liberty. 

How Truth Begins to Grow. The 

law of organic progress, as demonstrated 
to us by the study of organic evolution, 
constitutes the immovable natural basis for 
the intuitive conviction of democracy that 
there should he a potential field- marshal’s 
baton in every soldier’s knapsack. Further- 
more, as the writer has said elsewhere, “ we 
should recognise that the greatest present 
and future happiness is served by the freest 
and fiilU'st possible (exploitation of every 
kind of ability — provided, of course, that it 
be not exploited in anti -social acts. In per- 
mitting the superior to benefit by their 
superiority, we benefit ourselves and our descen- 
dants. Worth of any kind is always worth 
something to others than its possessor. The 
history of all progress, from the amoeba up 
to man, is the histjry of the establishment 
and accomplishment of novelty, variations, 
individuality — all difficulties notwithstanding. 
In all ages collective devices, academies, royal 
societies, have stood for the repression of in- 
dividuality. In the moral, philosophic, and 
religious history of the world the same has been 
true. Every touth starts as a heresy, and the 
supreme individualities, the supreme prophets, 
the founders of religions, the noblest of the 
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noble dead, those to whom we owe almost 
everything that we rightly prize, have ever 
lieen poisoned, or crucifi^, or stoned, or mocked, 
or spat upon, and invariably by collective forces. 
In a sense, at least, Carlyle was right -^iihen he 
declared that “ universal history — the history 
of what man has accomplished m this world — 
is at bottom the history of the great men who 
have worked here.” But the rule is tliat there 
arises some collective apparatus, declaring itself 
to possess the spirit of its founder, and the 
necessary foe of all such new individualities as 
that which gave it its own birth. 

Committees are not Productive. As 

the intelligence of man attains greater heights, 
and as the principle of the worth of the indi\idual 
is seen to be sanctioned by biology and human 
history alike, we may hope that genius, individu- 
ality, Avorthy variation, will no longer have to fight 
the mediocre majority, but will ever receive a 
patient hearing. It cannot for ever remain true 
that a “ prophet is not without honour save in 
his ov\Ti country.” The history of progress, 
physical, moral, artistic, philosophic, is a history’ 
of the ultimate triumph of individuality. “ Uni- 
v^ersal history,” as (Wlylc called it. might indeed 
\ye written as a controversial treatise in favour of 
the Avorth of the individual. No crowd or com- 
mittee ev^er produced a great work of art, or 
generated a new energy, or conceived a ncAV truth 
— but individuals ever and always. For the 
moment we may afford to ignore the questions of 
the conditions which produce the individual. It is 
a profoundly important question, but our imme- 
diate business is to recognise that, when somehow 
lie is produced, he is of supreme worth to society. 
We in this country are ali'cady pn^pared, by long 
familiarity with two names, for the lecognition 
of the two great complementary forces which act 
in any society. These are tlu^ forces of conserva - 
tism and liberalism. Certainly, most socio- 
logists are unable to discover any recognition of 
finst principles by the political parties Avhich 
to-day take to themselves these great names ; 
here, then, Ave speak not of actual party politics, 
but of the fundamental sociological truths Avhicli 
our two great political jiartios would icprcsent 
in a wiser Avorld. 

The Great Parties in the State. Th<’ 
I'onditions of organic evolution, as dis- 
tinguished from its factors, are two — hereditg 
and variation. We have already insisted at 
length upon the fact that without variation there 
could be no progress in the organic kingdom, just 
as without its expression, individuaUty, there 
could be no progress in the kingdom of man. It 
is now our business to emphasise more clearly 
than has yet been done the value of the comple- 
mentaiy fact of heredity. Heredity is the 
principle of conservatism or conservation. Its 
highest business and duty is to hold fa>st to that 
which is good. The reader AA'ill remember the 
earlier part of this famous phrase — “ Prove all 
things.” What is it in the case of indiAidual 
organisms that proves all things 7 Plainly it is 
none other than the principle of natural 
selection. Again, if there Aiere no variation. 
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f^here would be nothing to “ prove,” nothing 
io “ select.” The more one contemplates this 
? great saying of St. Augustine’s, and the more that, 
in the light of the idea of the social organism, we 
compare social forces with those that act amongst 
individual organisms, the more impressed must 
we become with the beauty of the analogy. It 
is worth expressing in a more graphic form : 
tdtural Selection = “ Prove all things.” 
riation — Individuality — Liberalism. ■ 
redity — “ Hold fast the good ” =- Conser- 
m. 

Holding Fast to the Good. When 
“contemplate the worth of variation, indi- 
^lality, originality, creation^ w’e are apt, 
'laps, to appraise the contrary principle at 
* than its true woith. Long ago — if we may 
Me to mere party politics for a moment — the 
rtservatives were called the “ stupid party ” ; 
id when we contemplate heredity and variation 
iii the realm of life, we see the force of the taunt. 
There is something stupid about heredity ; it 
has no imagination or initiative ; it merely 
holds fast. But let us for a moment consider 
what would happen if there were no heredity, 
or if, in the organic kingdom, that force were 
much weaker than it is. As before, countless 
variations or novelties would appear in successive 
generations of animals and plants. The dis- 
advantageous variations would be weeded out by 
natural selection, while individuals with advan- 
tageous variations would flourish. But of what 
avail would this be for the race if the children 
of such individuals did not tend tn inherit their 
parents’ advantages ? Even as it is, sutli 
children tend to “ revert to type,” tlie same 
being true in human life, as Mr. Galton has 
rcssed in his law of “ regression towards 
liocrity.” The whole possibility of organic 
ilfress has depended on the incompleteness of 
reversion to type, on the fact that immediate 
•dity is strong enough to allow advantageous 
ations to be perpetuated, in some degree at 
rate, in the descendants of those who first 
layed them. Thus life has been enabled to 
I fast to that which is good ; otherwise the 
i would die with the individual and there 
Id be no progress. 

Ifhat Would Happen Without Con- 
jvatism. And in human society the principle 
lonservatism is equally valuable, ” stupid ” 
kgh we may call it. Without it, what would 
pen? Obviously, we. should be without any 
irity for the permanence of the valuable. All 
s of novelties or variations would continue to 
ng up in all directions. We must never 
;et that though all progress depends upon the 
irgence of new charatflers or new ideas, yet 
jail new characters and new ideas are valu- 
; the great majority of them, imfortunately, 
lue much worse than worthless. They are 
reversions or “ throw-backs ” to more primitive 
ages. A congenital idiot is a variation ; the 
hirth of such an idea as Nietzsche’s, that morality 
iV a delusion, is also a variation, and a pestilent 
i»mc. It is the old brutality cropping up again. 
j/Ience, without the conservative tendencies 


displayed in varying degree by all of us, each 
successive generation would be in danger of 
letting go the good and suffering from the evil 
until natural selection destroyed it. Take, for 
instance, the institution of marriage. At the 
present time this is assailed by a host of prophets 
of a new social order, their new ideas being, in 
reality, mere ” throw-backs ” or reversions to 
the ideas of remote ages, happily long forgotten. 
If society had not its conservative forces (so 
exactly corresponding to the force of heredity in 
individual organisms), marriage would doubtless 
be abandoned — for a time. It will be maintained, 
however, by those conservative forces, which 
hold fast to that which is good. 

The Better Will Prove Itself. The 

reader will retort, of course, that in any 
given case people will differ as to the goodness 
or badness ; but , just as natural selection or the 
survival of the Attest, acting as umpire, upon 
the age-long duel l)etween heredity and 
variation, has always proved itself able to 
prove all things, so the same is true in human 
society. Both sides must have a hearing, and 
the ultimate issue will be good. This great 
principle tempts the writer to discuss it in his 
own words ; but this would not be fair to the 
reader, for it is fortunately possible to invoke 
the literature of the past on its behalf. In 
modem literature there is no expression of this 
principle to approach the second chai)ter of 
Carlyle's “ Past and Present.” There are five 
pages of this from which it is difficult to choose ; 
l)ut hens perhaps, is the paragraph which best 
expresses our principle, which, be it remem bend, 
is nothing less than the mighty principle of 
toleration, (’arlyle has been discussing Noble 
(’onservatism and Ignoble Conservatism. Little 
could he guess — wTiting in 1843 — that a quiet 
student called Darwin, of whom he had never 
heard, was at that moment tilling his notebook 
with fa(!ts proving that (Wlyle's words 
were based uj)on “the so’id gromid of nature.” 
To our mind this is a Ani' examjile of the faith 
which anticipates knowledge. 

The Eternal Struggle Between Right 
and Wrong. “ For it is the right and noble 
alone (says Carlyle in “ Past and Present ”) that 
will have victory in this struggle ; the rest is 
wholly an obstruction, a postponement, and 
fearful imperilment of the victory. Towards an 
eternal centre of right and nobleness, and of that 
only, is all this confusion tending. We already 
know whither it is all tending ; what will have 
victory, what will have none ! The heaviest will 
reach the centre. The heaviest, sinking through 
complex, fluctuating media and vortices, has its 
deflexions, its obstructions — nay, at times its 
resiliences, its reboundings ; whereufX)n some 
blockhead shall be heard jubilating, ‘ See, your 
heaviest ascends ! ’ But at all moments it is 
moving centreward, fast as is convenient for it ; 
sinking, sinking ; and, by laws older than the 
world, old as the Maker’s first plan of the world, 
it has to arrive there. . . . Fight on, thou 

brave, true heart, and falter not, through dark 
fortune and through bright. The cause thou 
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(Ightest for, as far as it bo true, no farther, yet 
precisely so far, is very sure of victory. The false- 
hood alone of it will be conquered, will bo abol- 
ished, as it ought to be ; but the truth of it is 
part of Nature’s own laws, co-operates with the 
world’s eternal tendencies, and cannot bo con- 
quered. . . Seek through this universe, if 

with other than owl’s eyes, thou wilt find nothing 
nourished theiv, nothing kept in life,' but what 
has right to nourishment and life. The rest, look 
at it with other than owl’s eyes, is not living ; 
i.s all dying, all ns good as dead ! Justice was 
ordainetl from the foundations of the world, and 
will last with the w orld, and longer.” 

The First Preacher of Toleration. 

The extraordinary parallelism l)etween this 
chapter and the principles of iSpeneer and Darwin 
is worth pointing out, if only ns a contribution 
to the history of thought. We of this generation 
may learn from it, too, for (/arlyle di*spised the 
evolutionists, and called Sjieneer “ the most 
immeasurable ass in Christendom.” Many of 
them, also, would have liked to suppress Carlyle, 
hut, thanks to the principle of toleration and 
ir»dividuality, both expressions of the truth wen*- 
f)ermitted to be heard — and wa benefit propor- 
tionately. It is a great lesson. 

If now we turn to the fiftli chapter of the Acts of 
the Apostles we find what Sir Leslie Stephen con- 
sidered to be thi‘ first expression on record of 
the principle of toleration — this great principle, 
the worth of which, by her recognition both of 
lieredity and variation. Nature teaches us, and 
yet which in the twenti<*th century we are only 
slowly beginning to learn. When the crowd, with 
its “ignoble conservatism,” “took eoun.sel to 
slay tlie Apostles," (Gamaliel stoinl up- in the 
(’ouncil and said ; “ Refrain from tlieso men, 

and let them alone, for if this counsel or this 
work he of men, it will come to nought ; but if 
it be of (xod, ye cannot overthrow it, k'st haply 
ye be found even to tight against (iod." 

Truth is Able to Look after Itself. 

Here, then, is the great lesson for the partisan. 
We must hear all sides, strong in the faith that 
truth is great and will prevail. We may Ik* 
absolutely convinced that we are right and 
that our opponents are immeasurably wrong; 
but let them have their say. "J’ruth will prevail, 
and never more certainly than by the mutual 
slaughter of opposite extremes. 

Ix^t us just consider the two methods by which 
we may seek to establish what we believe. The 
one method is, in its extrt^me form, to assert our 
belief, to compel everyone to avow it, and to 
destroy every statement of any other opinion. 
This is the legal method, and it has Ix^n 
adopted in all ages. It was on this principle 
that the Church burnt Bruno and silenced 
(Galileo ; it was on this principle that the 
Athenians poisoned Socrates. This is tlie 
“ ignoble conservatism,” which not only 
disbelieves in variation or liberalism, but 
disl)elieves that there are any law’S of Nature, 
which will ensure that evil cannot prevail. If 
you have no such faith, evidently it is your duty. 


whenever you can, to burn, poison, imprisoi 
gag, vilify, or otherwise silence all who disagre 
with you. Truth is not safe, you believe, unless 
these methods be adopted. Nature is not on her 
side, and Truth’s only chance is that no one Ix' 
ever allow^fd to say anything that is false. Hal 
the evils 5f human history — religious persecution 
w ars of religion, judicial murders of the grei^ 
good and divine, have been based upori 
principle — that the only chance for the fmrvil 
the. truth consists in the ernploi^ment of briUe | 

Nature is on the Side of Truth. \ 

other method by which w^e may seek to esta^ 
the truth is by the principle of freedom of spt^ 

The idea underlying it is the essentially noblef 
religious idea that Nature is on the side of tri 
It is the idea of tlie surAival-value of truth, 
society which l)elieves in this principle there 
be room ))oth for (Conservative and Liberal ne 
papers : and the Lil^erals, for instance, will ) 
think that all would Ix" well if only the Conser 
tive Press ecmld f>e suppressed. In such a society 
the men of science will not seek to silence the 
dreamers and the prophets, nor the dreamers 
and prophets to silence the men of science. 
What need to fear the false if the false has 
but to show its face to ground into the 
dust ? Nor dare w'e forget that if history 
teac*hes us anything, it is that binto forei' 
employed on Ix'half of what Avas believed to 1 k' 
true has only too often lx‘en prostituted to the 
service of the false — w ith vengeance sure. 

Freedf)m of sjx*ech, then, freedom of thought, 
and “the lilxTty of prophesying” — these are the 
natural and warrantable m(‘ans, in strict accord- 
ance with Nature’s own nu‘thods, by which pro- 
gress may be attaint'd. It is very difficult indeed 
to live up to th(‘S(‘ principles. Ixd us suppose that 
you are a eonscientjoiis and humane physiologist : 
would you not Ix' t ery much tcmpt(*d, if you had 
the power, simply to suppress all anti-vivi- 
sectionists ? And yet you would lx* Avrong. 
The right Avay in Avliich to combat false ideas is by 
true ideas, and not by bmte force. 

The Battle of Ideas. Bui the gieat 
principlt* of selection and survival has Ainder- 
gone a transmutation in our own times and a 
transfiguration from the physical to tlie psychical. 
Wo liv^e not by our muscles so much nowadays 
as by ideas, and that society is healthy and 
prosperous where the battle of ideas is most 
strenuously and fairly and openly fought : 
Avhere the only argument is argument and not 
brute force ; where everything that can make* 
it.self articulate is lieard, and Avherc, therefore, 
if it lie false, it is the soonest forgotten. Just as 
heredity and variation stood for the comple- 
mentary forces of progress on the plane of the 
physical, so conservatism and liberalism, in 
society, in politics, in science and religion and 
art, arc the complementary forces of progress 
on the plane of the spiritual. 

The struggle now* is not between the\A* and thew 
but bet Avcon thought and thought. If wo desire 1 o 
ascertain the best conditions of that struggle w e 
must t um again to the supreme adjudicator Natu re. 


Continned 
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The Wheatstone Automatic System. 

It was stated on page 4385 that three instruments 
— namely, the perforator, the transmitter, and the 
receiver are necessary for this system. For con- 
venience, however, double-current sounder system 
apparatus is added to each end of the line, to 
enable the telegraphists to communicate corrections 
and afjknowledgments. A rlieostat and condenser 
are also necessary if speeds above 300 words per 
minute are required. 

The Perforator. The mechanism of this 
instrument |8] is arranged so that the keys o]»crate 
five punches, which are arranged us follows : 

(1) o 

(2) o o (4) 

(3) o o (5) 

Dejiressing the left key (dot) actuates 1, 2, 3; de- 
f)resRing tlie right key punches 1, 2, 4, and 5; and 
depressing the centre key acjtuates 2 only. Thus we 
ynjnch letter A, fbllowed by a space as in 9 1 page 4380 1. 

The centre row of perforations forms the rack 
by moans of which the paper is propelled through 
the transmitter. The upper and lower jicrforations 
control the current-sending mechanism. 

The machine is adjusted to punch 120 spaces in 
exactly twelve inches. The gauge is tested by 
punching the word ** telegraph ” throe times, with 
the usual double space between each. From the 
sginning of the first “ t *’ to the end of the last “ h ” 
lere are 121 spaces, and the distance, centre to 
ptre, betwtjcn the first and 12 1st should be pre- 
fcly one foot. 

m nuvai an ijuiiuwii Aiwwn iv in 

5cessary to prepare simultaneously several slijw. 
r»r this purpose the assistance of pneumatic power 
.invoked. Figure 65 shows such an arrangement, 
be operation of the three white keys controls 
air supply to two sets of plungers, which 



:e the place of the oj)erator’R mallets. As plenty 
of power is available, double or treble rolled slips 
may be used, and it is possible to arrange for as 
many as eight slips at one o{)eration. A higher syxjed 
is made possible, as the keys are so light as to render 
the use of mallets unnecessary. 

The Tranemltter. The transmitter is shown 
on the right in 66 . Under the control of the 
perforated paper it performs the work of a doublo- 


curront key, producing signals of unvarying excel- 
lence, and at a speed ten to twenty times that of its 
human rival. The controlling mechanism is shown 
in 63. DU is the compound reversing lever, the 
front portion, U, being insulated from the rear por- 
tion, D. They are connected to the lines as shown, 
and it will be seen that the contacts are placed so 
that when the top of the lever is deflected to the 
left a positive current goes to the “ up ” line, 
and a negative to the “ down.” 

When the transmitter is running free of slip, its 
clockwork rotiites the wheel W, and also causes the, 
lever, PP', to rock on its centre. Now when P presses 
down A, H and K are moved to the left. Simulta- 



h'^cn introduced i 
be seen that whe 

aUernating currents are sent to line, which prcxlufc 
dot>3, or, as they are called, rcrvmils, on the 
distant receiver. 

Now wo must- consider what takes ])laee when 
the slip is insert-ed. An important point to note 
is that the rod S is not ])arallel with, but, as shown, 
in frotvl of, the rod M. Imagine that we insert the 
slip [9, page 4380 J. It reaches M first, and prevents it 
from rising; S rises and at the next oscillation 
of PP' it also is held down, and the points of both 
slide along, wailing for a hole in the paper. Mean- 
time, in eonso(juence of the fact that S rose last, 
a 8])acing current is being sent to line. At length 
M passes up through the tirst upfX'r hole of the letter 
C, and is immediately withdrawn again ; this, 
however, causes a marking current to be sent, 
which oontimies until S ymsscs up tkrough the* 
first bottom hole in the pafjer, and causes a spacing 
effect. Immediately afterw'ards M ywases llnougli 
the upj^er hole of the dot, and is withdrawn. This 
begins n marking signal for the dot, which is 
immediately terminated by the rod S passing through 
the bottom hole, and so on, signal by signal. At the 
end of the w^ord the rod S is the last to come into 
action, and so the spacing current persists until 
the pajicr rims out, when the reversals begin again. 
Six hundred words yjer minute is the maximum 
speed, and it is interesting to note that at this 
syx'cd a dot signal yiersists for of a 
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second. Such high s|>eed is, however, seldom 
called for, and 200 words i)er minute is general. 

As indicated in the connection diagram [64], the 
starting lever of the transmitter, visible on the left, 
also actuates a switch which diverts the battery and 
lino connections from the key to the transmitter. 

The clockwork is iinijelled by, a heavy ^weight, 
which is wound up by a handle which projects from 
the front. The running 
speed is regulated by the 
lover at the top, behind the 
ease. It can la? clam])ed in 
any desired position. The 
curved pins in front of the 
transmitter arc used to retain 
the ends of iise<l slips for a 
short time in ease a rotrans- 
niission is required. 

The Receiver. Tho 
receiver, visible on tho left in 
66, is a oo?nbinatiou of the 
principles already described in 
tlie P. O. S. Relay, and the 
Inkwriter. By means of clock- 
work a thin blue paper slip is 
drawn over a roller, and the 
same mechanism rotates an 
inking wheel in a direction 
opposite to that of the paper. 

An electromagnet, built on 
the same lines iTs a P. (). S. Relay, and conneet-ed 
directly in tiio line circuit, controls the wheel. The 
marking disc docs not, as in tho inkwriter, rotate 
in the inkwell. It takes its supply from tho uppet 
edge ot a larger wheel, the lower part of which 
rotates in tho ink. What corresponds to the 
tongue of tho relay directly controls the axle of 
the marking disc, and so reproduces signals. In 
addition, hovvever, a local contact is provided at 
the bottom of the clcctioiuagnet, to whicli tlic 
W)undcv is connected. 

The clotikwork of the receiver in 66 is ini|>ellcd 
by a spring. The s^wed regulator is in the same 
position us on the transmitter. The adjustment 
of the electromagnet armature is made by means 
of the milled nut which projects above the case. 

Two slij) dra^^ers can be seen in the base. Each 
of these contains a rotary slip carrier. Two boxes 
arc ]>rovided to prevent 
the possibility of a de- 
spatch being lost owing 
to the sli]) running out. 

'i'o this end also each roll 
of slip has near its inner 
cud a few convolutions of 
red slip. As soon as this 
appears, opportunity is 
taken to slip in the 
beginning of a roll from 
tho second box. 

W h e a t 8 t o-n e 
Duplex. The Wheat- 
stone system can be 
duplexed, and 67 shows a 
sot arranged for working 
in both directions. The 
.s|->ecd attainable in each 
direction is about two-thirds of that 
under simplex conditions. The receiver shown in 
this set is provided with a weight motor train. 
Tho bell fixed jon the right side gives indication 
when the weight requires rewinding. 

A connection diagram is given in 64. To facili- 
tate balancing for duplex working, a two-way switch 
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is provided so that the battery power may bo cut 
off the line and an equivalent resistance substituted. 

Keyboard Perforators. Attempts are now 
l>eing rnade by inventors to reduce still further the 
labour and to lessen the time consumed in preparing 
the perforated slips. Figure 68 depicts the Kotyra 
system, which is at present (11)07) undergoing 
cx|>erimental trial at St. Martin’s le Grand. 

On the right there is a 
three-tier pneumatic jx^rfora- 
tor which can prepare simul- 
taneously twelve slips. Its 
plungers are controlled from 
the Kotyra keyboard. The 
little electric motor on the 
left rotates a cylinder. Tliis 
is provided on its surface with 
teeth, which the under-surface 
of any key cugag. 
pression. The key is drawn 
backwards away from the 
operator and makes a suit- 
able series of contacts, closing 
the circuits of three electro- 
magnets, which, in turn, 
control the pneumatic ]>cr- 
forators. Having performed 
its duty, the key is released 
by a trigger action, and 
returned to its place by 
mcains of a special spring. The oyierator mubt wait 
for this release before depressing another key. 

It has been proposed to apply the Kotyra key- 
board direct to the line, so that, instead of forming 
the Morse signals by hand, the operator would 
}>ress the Kotyra keys, and the feasibility of this 
method has * actuaUy been demonstrated, the 
services of an ot>erator W'ho, owing to an attack of 
telegraphists’ cramp, was unable to send in the 
ordinary way being thus utilised. It will be 
noticed that the system resembles eloselv that 
which was invented by Professor Morse, and which 
preceded the invention of the Sounder System. 

Yetman Transmitting Typewriter. 
Another competitor in the same field is the Yetman. 
"[I’wo forms are shown in 69 ; that on tho right is 
used for sending in the way suggested for the 
Kotyra. Tlic instrument on the left combines, in 
addition to tho clectrienl 
sending yiortion, the func- 
tions of a typewriter, so 
that it produces a record 
of the lctt(ws sent. 

Creed Perforator. 

A more ambitious arrangt'- 
ment is that shown in 70 
and known as the Creed 
Keyboard Perforator. The 
mechanism of an ordinary 
typewriter has been modi- 
fied so that on depressing 
a key it makes the appro- 
priate selection from a s(‘( 
of twenty punches, and 

f iroduces tho perforatt'd 
etter at one stroke. A 
speed of sixty words per 
minute can be iiiaintamed. As in the cases already 
mentioned, pneumatic power at a pressure of 10 lb. 
per square inch is used, and four slips can be pro- 
‘ duced simultaneously. 

Type Printing Telegraphs. It is probable 
that no department of telegraphy has been ' the 
subject of more patent specifications than this one. 



65. PNEUMATIC* PEIIFOKATOR 



66. AUTOMATIC WHEATSTONE SET 
For high-speod working with spring-type ruceivev 
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although the successful systems 
are few indeed. Five interesting 
systems have been chosen for 
iflustration. 

The SteljM 
Printing Telegraph. This 
is a system based on the Wheat* 
stone A B C, the ABC indi- 
cator being displaced by a 
Steljea recorder, which prints 
the signals sent by a Wheat- 
stone communicator in Roman 
letters on a paper tape [71]. 

The received alternating cur- 
rents jiass through two electro- 
magnets joined in series — one 
is polarised, the other non- 67. DUPLEX AUTOMATIC WHEATSTONE set 

fiolarised. The armature of the 

polarised relay oscillates, and in doing so allows an the instrument printod in Bomau characters on a 
escapement wheel to turn forward-one tooth for tape, which the operator breaks off into suitable 
each letter current. On the same axle is the letter lengths and pastes on a form, in which state itgoe^out 
wheel, which can be seen just above the pa^^er, and for delivery. When a message is sent, both receivers 



has above it an inking-wheel brush. The same series 
of currents in passing through the non-polarised 
relay attract and hold its armature until the 
currents cease. The armature then drops and allows 
a printing-lever to jerk the paper up against the 
letter wheel, the required letter being thus printed, 
und simultaneously the paper is urged forward 
in readiness for the next operation. The instru 
ments at both ends record simul 
tancously, and no attendant is required 
at the receiving end. By an 
ingenious arrangement three 
revolutions of the com- 
municator needle secure 
that the recorder shall start 
from zero. Had tlie inven- 
tion of this instrument pro- ' 
ceded the telephone it 
would have had an enor- 
mous sale. It still finds a 
large field for its use — 

Rul)eriinposed on telephone 
lines — in confirming mes- 
sages transmitted orally. 

The Hughes Print- 68. kotyra keys 
ing Instrument. This 

has so far been the most successful system. 
Some thousands of instruments arc in use on the 
Continent and on the cables between this country 
and the Continent. Figure 72 shows a set in use 
between London and Rome. The sending is done by 
means of a keyboard resembling that of a piano. At 

the receiv- 
ing end the 


rne s sage 
issues from 
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are actuated so that mistakes arc at once visible 
to the sender. 

By means of a most admirable mechanism it is 
arranged that the sending contact-makers and 
the receiving printing wheels at both stations shall 
revolve continuously and 
synchronously, so that at 
any given instant all four 
, are opposite the same 
; letter. If, then, a key is 
depressed at either end 
a contact is made, and 
simultaneously the letter 
is printed at both station< 
The synchronism is legu- 
lated by a vibrating sprinL^ 
Only one current is ^sent for 
each signal. It has the 
effect of releasing an arma- 
ture from an electroniagra i, 
and this immediately s(‘ls 
in motion a train of meeh- 
anisrn which prints the* 

’ letter, moves the ]>a])ci* 
VRD PERFORATOR forward, and replaces th(' 
armature in readiness fo! 
another signal. Synchronism is maintained hy 
means of a correcting cam, which is forced between 
the teeth of a star- wheel fitted on the printing axle, 
and adjusts it each time a letter is printed. 

It is instructive to contrast the Steljes system 
with the Hughes systtuu. In the former a suc- 
cession of currents urges forward the printing 
w'hcel and maintains the necessary synchronism, 
while their cessation produces the printing effect. 
In the Hughes the synchronism is arranged ff)r 
mechanically. A 7io-cnrreM time 
interval takes the place of the suc- 
cession of currents just referred to, 
and its termination is marked by the 
single current. 

The Hughes type-wheel is not 
stopiH^d, or even retarded during the 
printing process, in both systems it 
will bo noted that only a limited 
number of letters per revolution can 
be manipulated — the average number 
is two — and that this determines the 
speed. In the case of the Hughes, 
however, the rate of rotation is high, 
and the average speed of working is 
R about forty words per minute. 
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The Hughes histrument can be worked on a duplex 
system. The differential method is employed in the 
same way as has already been described in the caso 
of the single- current sounder. Figure 75 illustrates a 
duplex set which is worked 
between London and Berlin. 

Of course, one of tlie instru- 
ments is used continuously 
for .sending and the other for 
receiving. Between the two 
Hughes sets can be seen the 
single - current key and 
switches which enable Morse 
signals to be used during the 
balancing process. 

The Baudot System. 

Ill the Baudot system [73] 
signals are received in 
Roman characters on a 

printed tape exactly as in 70. CREED KBYB< 
the Hughes system, but the 

means by which this is achieved are entirely different. 





70. CREED KEYBOARD PERFORATOR 



M. Emile Baudot originated a system in which the is found that in course of time operators 

alphabet is arranged so that every letter rociuires accustomed to this “ cadence,” as it is c 

the same number of signal they can work w 

units, and the aggregate 
number of signals is the 
smallest possible. The sig- 
nals are permutations of five 
space and current units, and 
to produce them the opera- 
tor is provided with a send- 
ing instrument having five 
keys similar in a])pearance 
to those of the pneumatic ^ 
perforator. Corresponding 
with the live sending keys 
there are in the receiving 
instrument five electro- 
magnets, which repeat the 
signals given by the keys, 
and by means of a very 

beautiful mechanism actii- 7^, STEWES TYPE PRINTING SET circuit autoniati 

ale the printing wheel so wind up when rc 

as to produce the required Koninii characters. Baudot Superimposed on Te 

It would seem that this arrangement would uoces- TrunR. A still more interesting fact in 

sitatc five wires between the two stations, but this is with two of the London-Paris Baudot s 

obviated by Iiaving at each end a rotary each of them is suj)eri 

distributor aiTangcd so that at any „ a London-Paris telepf 

given instant No. 1 key is connected to 
No. 1 electromagnet, and so on. If 
the reader imagines that there arc 
two clocks — one at each station — and 
that tlie line connects together the two 
minute hands, then, if 
the clocks keep accurate 
time, and we suppose 
that No. 1 key is con- 
nected to 12 o’clock at 
one end and No. 1 
electromagnet to 12 
o’clock at the other end, 
it is clear that if we 
arrange for electrical 
contact between the 
figure and the pointer 
the instruments will be 
in connection once 

every hour. This prin- 

ciple of rotary synchro- 72. HUGHES PRINTER, SIMPLE^X SET ignorance of 

nism is used, : in tJio of olectrici 

Baudot system, but instead of one revolution per have at least made substantial progr 
hour we have 180 revolutions per minute, and instead knowledge of how to control and use this i 
of arranging for one instrument with five keys, it is and wonderful force. 
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found possible to arrange for four instruments each 
having five keys, so that four operatprs are rec^uired 
at eacn end, and they can work • independently as if 
they had separate circuits. There however, 
one limitation. The rotaTy 
distributor connecls a given 
instrument through to the 
corresponding receiving set 
three times per second, and 
the signals between those 
sets must be sent during the 
, connected interval or they 
will bo lost. The operators 
arc, therefore, trained to 
send exactly three signals 
per second, and to enable 
them to make their signals 
at the ' correct instant 
“ watch receiver ” telephones 
A.RD PERFORATOR are provided which give a 
click each time that the 
distributor connects up the instrument to the line. It 
is found that in course of time operators become so 
accustomed to this ” cadence,” as it is called, that 
they can work with i^erfoct 
accuracy even without the 
aid of the tele])hone signal. 

The illustration [73J gives 
a view of one of the three 
sets which woi-k between 
London and Paris. On the 
left can be seen the rotary 
distributor, and, beginning 
from the centre, tlie four 
telephones on projecting 
brackets are visible, and 
beside them the sending 
keys and receiving instru- 
ments. The heavy w^iglits 
visible beneath the table 
are provided with electric 
motors which come into 
bi PRINTING SET c'ircuit automatically and 

wind up when required. 

Baudot Superimposed on Telephone 
TrunR. A still more interesting fact in connection 
with two of the London-Paris Baudot sets is that 
each of them is sujierimposed on 
a London-Paris telephone trunk 
circuit. A telephone circuit re- 
quires two wires, and the tele- 
phone currents pass around the 
metallic loop. By a method 
which will be described in the 
telephone section, the 
two wires in parallel 
are utilised to carry the 
Baudot signals in such 
/ ' a way that there is no 
interference. When we' 
I . consider that two small 
wires can in this way bo 
used simultaneously for 
! one telephonic conver- 
' ) Ration and four tele- 
/ graph messages, we 
/ realise that if elec- 
tricians have still to 
acknowledge their 
'BR, SIMPLEX SET ignorance of the nature 

of electricity, they 
have at least made substantial progress in the 
knowledge of how to control and use this mysterious . 
and wonderful force. 



73. BAUDOT FOUR-WAY SKT 

The Murray Type -printing Tele- 
graph. One of the latest developments in type 
printing by telegraph is the Murray system, which 
lor the last three years has been on experimental 
trial by the Post Department, in regular 

service, between liondon and Edinburgh and 
London and Dublin. The Murray may be said 
to bear the same relation to the Baudot as the 
W h 0 a t - 
stone set 


H y H t e 
TheBaudot 
alphalx't is 
used, but, 
as in the 
ease of the 
VV h p a t- 


though 

these are 74 MURRAY-OREED TYPE PRINTEB 
largely 

made automatie. The messages are first produced 
on a punched slip by means of a keyboard perfora- 
tor. The slip is then passed through a transmitter, 
somewhat similar in principal to the Wheatstone. 
The receiving instrument, however, also produces a 
perforated tape similar to that which has been used 
at the sending end. The perforated tape is then 
passed through the instrument known as the 



74. MURRAY-UREED TYPE PRINTER AND CREED RECEIVING PERFORATOR 


“ Murray Printer,” and this instru- 
ment reverses the process of the key- 
board typewriter, and ty]>es the 
message. It stops automatically at 
the end of each line, and the only 
office required from the operator is 
that of returning the pa^Ksr carriage 
in readiness for the beginning of the 
next line. It is wonderful to watch 
one of these instruments typing as if 
with the aid of an invisible operator 
at the marvellous rate of 120 words per minute. 

Mr. Murray has also conceived the idea of apply- 
ing his instrument to oiierate a Linotype keyboard, 
so that it is quite conceivable that on some future 
date one of our great Ijondon dailies may have its 
type set up by an operator sitting, say, in Paris. 

>The. Murray Creed System. The two 
instruments shown in 74 are : on the right the- 
Oeed receiving perforator, and on the left the 
Murray-Creed type printer. These instruments 


those de- 
scribed in 
the cose of 
the Murray, 
but the 
a Iphabet 
used is tii«^ 
same ns in 
the ordin- 


ID CREED RECEIVING PERFORATOR 1® there- 

fore pos- 
sible to substitute the Murray-Creed receiving |>L‘r- 
forator for the Wheatstone receiver on any ordinary 
Wheatstone circuit. The tape which issues from the 
instrument is the ordinary Wheatstone perforated 
tape, and it can be used either in the Murray-Creed 
receiving type printer, or in the ordinary Wheat* 
stone transmitter for retransmission on other lines. 

Continued 
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THE EVOLUTION OF SWEDEN 

The First Years of Sweden*s Independence. Gustavus Adolphus and 
Wallenstein. The Decline of Spain’s Greatness. Discovery of Brazil 


By JUSTIN 

THE NORTHERN KINGDOMS 

The Union of Calmar, in 1397, brought 
Denmark, Sweden, and Norway into one state 
under Eric XIIT., each kingdom retaining its 
own laws and customs, and its own legislative 
assembly. Sweden soon withdrew from the 
Union and became an independent state, and, 
despite the actual terms of the Union, Denmark 
endeavoured to exercise something like despotic 
authority over her partners. 

Sweden's Deliverer. (Iiristian II., sove- 
reign of the three kingdoms, was a tyrant who 
would not endure opposition to his will ; when he 
found much resistance in Sweden he ordered a 
massacre of some of tho leading men in Stoc^k- 
holm, and thus roused the country against him. 
Gustavus Vasa, who belonged to the high nobility 
of Sweden, was one of those wlio led the move- 
ment against Denmark some time before. He 
was then treacherously seized and carried off to 
Denmark as a hostage. He escap(‘.d in disguise 
after a year, and returned to his country, where 
ho tried, but without much success, to arouse the 
Swedes into an organised rising against the 
Danish power. He had to retire to Dalcaria, and 
led for some time a life of romantic w'andering, 
working unrecognised, sometimes as a farm 
labourer and sometimes as a miner, with a great 
price on his head. At last, in 1520, the “ Blood 
Bath ” of Stockholm aroused the Swedes to 
passionate resistance, and then Gustavus Vasa 
came to the front, was w^elcomed by the people, 
and soon created and commanded an army large 
enough to make an effectual fight. It ended 
three years later in the capture of Stockholm, 
and the expulsion of the Danes from Sw'eden. 
Gustavus was raised to the throne as Gustavus 1. 
in 1524, and in the following year tho Union of 
Calmar was torn to pieces. 

Development of the Country. Gustavus 
reigned for forty years, and his rule made 
Sweden once again a free and prosperous 
country, with a large array, a prosperous 
exchequer, and a thriving population. He estab- 
lished schools and colleges, and promoted edu- 
cation ; opened up roods, bridges and canals 
throughout the country ; mode commercial 
treaties with other countries and did much to 
promote trade. He was devoted to the Lutheran 
faith, and did his best, like many other European 
princes, to suppress the Catholics. He died on 
September 29th, 1560, and was succeeded by his 
eldest son Eric XIV., whose rule was in every 
sense unfortunate, for he was practically, a 
madman, and involved his country in costly and 
useless wars. After eight years he was deposed 
by his brother, John HI., who was inclined to 
favour the Jesuits, like his son, Siguanund. who 
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succeeded him in 1592. The Protestant party 
therefore deposed Sigismund in 1600, and made 
his uncle, Charles IX., king. Gustavus Adolphus, 
grandson of Gustavus Vasa, succeeded in 1611, as 
(histavus II., who brought Sweden back to 
strength and prosperity such as she had ncit 
enjoyed since the days of his grandfather. 

He came to the throne when ho was seventeen 
owing to the disputed succession of his father. He 
secured the support of the nobles by confirming 
tb(‘ir privileges, reorganised the govornm«*nt, 
and created a large army; made w^ar with Den- 
mark and recovered the Baltic Provinces. 
He also made war on Russia, and this war w as 
endexl by the Treaty of Stolbova in 1617. By 
this treaty Sweden obtained Ingermanland. 
Karalia and part of Lavonia, while Russia n*- 
covered Novgorod. In 1618, Gustavus visited 
(Germany, and two years later married the 
daughter of the Elector of Brandenburg. His 
dispute with Poland was ended in 1629 by a 
six years’ truce. 

Gustavua and Wallenstein. Gustavus 
w'as, like his grandfather, a Lutheran, and he 
raised an army to support the Protestants of 
Germany. Those struggles brought into great 
prominence the celebrated Wallenstein, a great 
soldier of indomitable ambition. He made 
himself an object of dre^id to the Prinees of 
the German Empire, who prevailed on the 
Emperor to dismiss him from the commaiwl 
of the army. The successes of Gustavus 
Adolphus, however, compelled the Emperor 
to restore Wallenstein on his own terms. Wallen- 
stein raised a large army and obtained a 
success over Gustavus at the battle of Lutzen, 
in 1632 ; the result was for a long time uncertain, 
but in tho end the army of Wallenstein was com- 
pletely defeated by the Swedes. The battle 
was fatal to Gustavus. During the battle he 
received three wounds and fell from his liorse 
to the ground. A soldier of the enemy asked 
“ Who is there ? ” “1 was the King of Sw’cden,’' 
replied Adolphus, and the man shot him through 
the head. 

His daughter, Christina, succeeded him, but 
in 1645 she resigned the crown to her cousin, 
Charles X. This King defeated Sigismund of 
Poland in a terrible battle at Warsaw in 1656, 
which lasted for three days, and he also succeeded 
in expelling the Danes from the continent of 
Sweden. He died in 1660, and his son, Charles 
XI. — then only a child-~came to the throne. 

Charles XI. was followed by tho greatest 
King of Sweden since Gustavus Adolphus, 
Charles XII., often called “ The Madman erf the 
North,” whose strange career has given a sub- 
ject to many poets. 
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A Romantic Career, Charles XII. was borrf 
on June 27th, 1682. His succession was regarded 
by Russia, Poland, and Denmark as a favourable 
opportunity for an attack upon Sweden, but the 
young king, having some help from England, 
promptly compelled the Danes to make terms 
of peace, and afterwards defeated the Russian 
army at the famous battle of Nava, on November 
.SOth, 1700. He dethroned King Augustus II. of , 
Poland and compelled him to sign humiliating 
terms of peace in 1700. In the following year 
ho led an army into Russia, and for a time drove 
the Russians before him ; but he suddenly 
changed his plans, relying too much on the 
promises and counsels of the Cossack leader, 
Mazeppa, who has l^ecn made famous in poetry 

1 i.1.^ /'ll 1 *u 

of terrible privations for his troops, he laid siege 
to Pultowa, in Russia, he was completely de- 
feated. He afterwards engaged in many other 
M ars, won victories, suffered defeats, had thrilling 
escapes from capture and other dangers, and 
finally came to terms with the Tsar by ceding 
Uy him Sweden’s Baltic Provinces. With the aid 
of the Tsar he proposed to conquer Norway, and 
then to make an expedition into Scotland and, 
with the help of the Jacobite party there, and of 
('Jardinal Alljeroni on the Continent, to replace the 
Stuart family on the throne. But all those ven- 
tui’esome plans were brought to an end, for 
Charles was killed while laying siege to Fred- 
rikshall on December 11th, 1718. 

SPAIN 

From the time of the defeat of the Spanish 
Armada in 1588 the greatness of Spain gradually 
declined. Philip II. had been an absolute ruler, 
and had introduced the custom of raising money 
without the consent of the Cortes, which, indeed, 
was seldom summoned. The power of Spain by 
land and sea, her wealth, her industries, and even 
lior population, decreased, and after the death 
of Philip II., in 1598. the histoiy of Spain is 
chiefly told in the history of other countries. 
His son, Philip III., was much under the influence 
of favourites ; he was succeeded in 1021 by 
Philip IV., who, though a man of some talents, 
had 1)0 capacity as a ruler. The story of the 
Thirty Years War and of the War of the Spanish 
Succession has already been told. Portugal and 
her colonies, w^hich had become part of the 
Spanish dominions in 1680, were lost to Spain in 
1640, after a brief struggle. (Charles II. (1605 — 
17CK)) had no children ; with his death ended the 
Austrian dynasty, and Spain was now regarded 
by the great Powers of Europe as their prey, 

Charles .II. nominated as his successor the 
grandson of Louis XIV., and then came tue War 
of the Spanish Succession. Philip V., who w^as 
proclaimed King at Madrid in 1700, was the first 
of the Bourbon Sovereigns. He introduced the 
Salic Law, which was the cause of much trouble 
later on. In 1724 he resigned his crown to his 
son, but on his death a few months later Philip 
again ruled — ^at least nominally, the country 
being really governed by his second wife. 


Queen Isabel, and Albcroni, her Minister. After 
Philip V. came Ferdinand VI., and then Charles 
HI., the best of all the Bourbon Kings. Ho made 
many reforms in the government of the country, 
and under his rule Spain was more prosperous 
than she had been for many years. In 1788, 
Charles III. died, and was succeeded by his son, 
Charles IV., during whose reign occurred the 
French Revolution, which for a time changed 
the face of European politics. 

PORTUGAL 

Wc have already traced the history of Portugal 
from its earliest days to the discovery of the 
Brazils by Cabral in 1500. Cabral was bom 
about 1460, and on March 9th, 1600, he was in 
command of a fleet bound for the East Indies. 

a course too much to the west for the purposes 
of his voyage, came in for the full influence of 
the Atlantic’s South American current, and was 
carried, whether he would or not, to the then 
unknown coast of Brazil. Thus, like Columbus, 
he discovered an entirely new region by acci- 
dent. He was equal to the occasion, however, 
and. landing on the shore of Brazil, claimed 
the whole country as part of the dominions of 
the King of Portugal, and effected an easy 
conquest. He established the first commercial 
treaty between Portugal and India. 

In 1524 was horn Portugal’s greatest poet, 
Camoens, author of “ The Lusiads.” Camoens 
had l)een intended for the Church, hut he 
declined to take Orders, and occui)icd himself 
with the composition of poems. He got into 
trouble with the authorities at Lisbon, and was 
banished from the city for a year. After an 
absence of sixteen years, he returned to l*or- 
tugal, and in 1572 published “ The Lusiads,” 
which won a brilliant success. 

In 1580, Portugal was seized by Philip II. of 
Spain, while the Dutch shortly after captured 
the Portuguese settlements in India. The 
Portuguese were, however, well capable of resist- 
ing invasion, and in 1640 put an end to the 
Spanish occupation, and made John, Duke of 
Braganza, the Sovereign of the kingdom. The 
war lasted for a considerable time, and was 
brought to an end by the Treaty of Lisbon in 1608. 

The Methuen Treaty. An important 
event in the history of Portugal was the 
concluding of the Methuen Treaty between 
Great Britain and Portugal, on December 27th, 
1703, by Paul Methuen, the British Ambassador 
at Lisbon. It favoured the importation of port 
wine into the British territories by lowering the 
duty, thus discouraging the importation of French 
wines. The Treaty was abolished in 1834. 

The more recent history of Portugal is brought 
into close association with that of England and 
of France, l)ecauso of the struggles between 
France and Portugal in which England frequently 

f ave her armed assistance to the Portuguese. 
Portugal has ever since remained an independent 
kingdom, and has been, in spite of troublous 
questions of succession, a prosperous country. 
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Varieties of Sailing: Ships and the Methods of Riggfing: them. 
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Construction of Hulls. Steamers and Steamer Construction 


By Dr. J. BRUHN 


•yHE ships of to-clay are classified into steam 
* and sailing vessels according to their method 
of propulsion. There is a third type called the 
auxilmry ship, which is really a sailing vessel with 
a small steam-engine that can be used in case of 
calm. It is, however, very rarely met with now, it 
having been found that the purely steam or 
purely sail-propelled ship was in most circumstances 
the one that answered best. It was seen in the 
})receding article that the steamers now predominate 
to such an extent that it is only a question of a 
few years before sailing vessels will have practically 
ceased to exist. Even now the value of the world’s 
sailing tonnage is only about one-tenth that of the 
steam tonnage. The steamers are further divided into 
single-screw, twin-screw, and paddle vessels, accord- 
ing to their method of propulsion. The turbine 
steamer is the latest addition to this category, but 
this description indicates only the type of the engines 
adopted. All these classes are again divided into 
three, according to the building material being 
wood, iron, or steel. There is also a mixed con- 
struction called composite, where the framing is of 
steel or iron with wood planking, but it is very 
rarely adopted except in tne 
case of yachts. The practical 
disappearance of wood and 
iron as shipbuilding material 
was also described in the 
preceding article. For prac- 
tical purposes only steel 
ships are now built. 

Sleaniers are further de- - 
scribed according to their 
purpose as cargo, passenger, 11 . CUTTKK 
mail, coal - carrying, ore- 

carrying, oil-in-bulk steamers,, etc., but these 
categories are more or less vague, and usually merge 
into one another, so that it may not be possible to 
apply any one description alone to any individual 
vessel. In the general outward npj)earance the 
masts and funnels of a steamer form most ]irominent 
objects. They do not, however, convey much 
more information about the character of the vessel 
than the flagpoles and chimneys do with regard to 
a house. The very largest and most important 
steamer may have only one or two pole masts for 
signalling purposes, and a comparatively small 
cargo vessel may have half a dozen masts to suit the 
an*angoment for loading and discharging cargo. 
On the other hand, the number of funnels is merely 



is no definite criterion to the power developed by 
the engines. 

Sailing Ships. In the case of sailing ships 
the outward prominently ai)pHrent features — 
namely, their rig or general arrangement of 
masts and sails — afford practically the only means 
of classification. In other res^xicts all sailing 
vessels are alike, being constructed merely to carry 
a load of any kind of cargo from one port to 
another. 

A knowledge of the various tytx’s of sailing ships 
is still essential to a naval architect, and a short 
description of them is therefore given here. To 
appreciate the differences btitween the various rigs 
it is necessary to know the broad principles of the 
disposition of sails. The masts of a ship are the 
nearly vertical spars that carry the sails. They are 
extended down through the decks to a firm founda- 
tion at the bottom of the vessel, and they are sup- 
ported by strong wire ropes from their top to the 
aides of the deck or to the adjoining masts. At the 
fore end of all sailing ships a nearly horizontal 
spar is fitted, calked the bowsprit. It serves the 
purjjose of giving greater spread to the sails, 
whicdi could otherwise 
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be extended only over 
tlic length of the ship 
proper. Like the masts, 
it is sup|X)rted by 
stays of wire rope, in 
this case to the stem 
of the ship and to the 
foremast. On the masts 
arc hung spars to which 
the sails are made fast 
directly. I’here arc 


throe kinds of such spars — nanu'Iy, yards, booms, 
and gaffs. The yard is, in its normal position, 
horizontal across the mast, and its sail hangs 
straight down in a plane at right angles to a fore- 
and-aft W'ind. It is, however, movable, so that the 


sail can be adjusted to suit the direction of the wind. 


The boom is, in its normal position, horizontal, and 
in a fore and-aft direction with regard to the ship. 
It is always on the after side of a mast and at 


the bottom of a sail which is. in its middle position, 
at right angles to a beam or side wind. The gaff 
is very similar to a boom, but is at the upj)cr 
edge of a sail having a boom at the bottom one. 


and it is usually rai.sed from the horizontal to an 


extent of 45 deg. or 


an indication of certain arrangements of boilers, and more. Both booms 
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18 . KBTCH 15 . VORE-A|il-AFT SCHOONER WITH SEVEN MASTS 
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WITH TWO MASTS 
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and gaffs are movable, so that the sail they expand Above the topgallant yard is the royal yard, and 
can be adjusted .to the direction of the wind. if there is a yard above the royal one it is callefl 



16. ORDINARY SCHOONER 18. BRIO 17. BRIGANTINE 


square sails or yard sails. In addition to these classes to a certain extent on the size of the .ship. From 

of sails there i-» a third kind — namely, staysails, which the point of view of .simplicity it would l>e desirable 

are not extended directly by means of spars, but are to have as few masts as possible; but for the 

fastened to the steel fore-and-aft stays supporting larger ships this would involve the use of indivi* 

the masts and the bowsprit. They are always dually unhandy sails, hence the introduction of one 

triangular in shape, and have their normal position or more additional masts. 

in a fore-and-aft direction, like the trysails. Types of R.igS. The cnttp.r rig (11] is the one 

Name of Masts. Where two masts are fitted, adopted in the smallest trading vessels, say from 50 

the first one from the fore end is called the foremast to 80 ft. in length, and in yachts of moderate size. 1 1 

(except where the second one is a subordinate one, in has only one mast, the mainsail being extended by 

which case the first one is called the mainmast); the means of agaff anda boom. The is similar to 



19. BARQTTENTINE 20. THREE-MASTED BARQUE 

second full .size mast is the ma in mast. Where there that of a cutter with a very small mast fitted abaft the 
is a third mast it is called the mizzvu-nuist, and if mainmast as shown by 12. It is applied to ves.selH 

there is a fourth one it is designated the jigger- about 60 to 90 ft. in length. The hJch rig [13] 

mast, if without yards, or after -7nizzen-mast if i.s practically a yawl with tlic after mast of slightly 

with yards. The spars on the individual masts larger dimensions. It is adapted for vessels 

are called by the name of the mast. Thus, there ranging from 70 to 100 ft. in length. The 

is the fore yard, the main gaff, and the mizzen schooner rig is the one found in the greatest numl)er 

boom. There are only one boom and one gaff on of varieties. It is the rig adopted for the smallest 

a mast, but there may be several yards. The seagoing sailing merchant vessels, and it is the 

bottom one is always the lower yard. The next rig used for practically all steamers whatever their 



21. FOUR-MASTED BARQUE 22. FULL-RIOGED SHIP 


one is the topsail yard, or if this sail is fitted in two size, if they do carry sails at all. This typo of rig 
parts, the lower- topsail yard. Above the topsail is divided into fore-and-aft schooners and ordinary 
yard comes the topgallant yard, or if the top- schooners. The former variety has no yard sails, 
gallant sail is in two parts, the lower topgallant yard. whereas the latter, has. In the fore-and-aft rig 
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the sails are of the trysail type, and are usually 
identical in arrangement on ail the masts. It is 
adopted for all sizes of ships from 80 ft. in length 
to 380 ft. In the smaller vessels two masts are 
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Hold 


yard, the upper topgallant yard, and the royal 
yard. There have bksn a lew four-masted full- 
rigged ships ; and there is one five-masted, 400 ft. 
in length. 

ir 

IJ II 




PROFILE OF FOUR-MASTED BARQUl, 
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litted as shown by 14 , and m the larger ones as 
many as seven ri6]. This rig is particularly 
favoured in America. The ordinary schooner rig 
is shown by 16 , and will be seen to consist of a 
foremast with yard topsail and topgallant sail, 
but a trysail instead of the lower yard sail, and a 
mainmast with trysail and topsail only. This is 
the usual arrangement, but sometimes there are 
yard top and topgallant sails on the mainmast also. 
As in the case oi fore-and-aft rigged schooners, more 
than two masts may bo fitted when the foremast 
only is usually fitted with yards. The lengths of 
ships with this type of rig may be said to range from 
90 ft. upwards. Tno brigantine rig fl7] is pra<!tically 
the ordinary schooner rig, except that a lower yard 
sail is fitted to the foremast instead of a trysail. On 
the sketch are also shown double yard topsails and 
a topgallant and royal sail, but this is not charac- 
teristic of this type and could also have been adopted 
in the schooner rig. The brigantine rig is used 
in vessels of 100 to 130 ft. in length. It is ajiplic- 
able only to ships with two masts, and is very 
rarely adojited now. The brig is 
another rare type of sailing shij). 

This rig is also applicable only to 
vessels with two masts, and 110 to 
] 40 ft. in length. Fig. 18 shows that 
it is practically the brigantine rig 
with yards fitted on the mainmast, 
so that its sail arrangement becomes 
similar ^to that of the foremast. The 
bargiientme rig is sometimes adopted 
tor three-masted voss<4.s of .a tout 
130 to 170 ft. in length. Figure 19 
shows that it is similar to that of 
the brigantine with a mizzen-inast 
added. The barque is by far the 
most popular rig for modern sailing 
vessels, and is applied to ships 
from 150 ft. in length and upwards. 

This ty|>e of rig requires at least 
three masts, and is similar to the 
barquentine, except that yard sails 
are fitted on the mainmast as well 
os on the foremast. Figure 20 shows 
the three-masted type of this rig as 
it is applied to the great majority of steel ships of 
moderate size, say from 230 to 270 ft. in length. 
Figure 21 represents the four-masted barque rig, 
which is used for nearly all larger sailing vessels, say 
from 200 to 310 ft. in length. There have been a few 
livo-mastod barques in oases of vessels of upwards of 
300 ft. in length. A fvU^rigged ship is shown in 
22. This form of rig has been more adopted as 
a standard than as the actual rig of ships. It must 
have at least three masts, and it will to seen that 
it is similar to the barque rig with yards fitted to the 
mizzen-most, so that all the masts carry this form 
of spar. The yards shown in the jUustration are, 
from below — the lower yard, tlv lower topsail 
yard, the upper topsail ymxl, the lower topgallant 
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General Arrangement of Ships. Al- 

tlioiigh the sailing vessel is now rarely built, it may 
conveniently be dealt with first on account of its 
greater simplicity in general arrangement. Figures 
M and 24 show the outline profile and the midship 
section respectively of an ordinary large modern 
four-mastca barque, which may be taken ns typical 
in general arrangement for all sailing ships, excej>t 
in regard to the number of masts. The length of such 
vessels is from ten to twelve times their depth, 
and the breadth is from 1*6 to 1'8 times the depth. 
They consist practically of one huge receptnolf' 
for cargo. A few feet from the fore end a water- 
tight bulkhead is fitted for safety in case of collision. 
But from this point to the after end, or stern, there is 
but one large hold, as shown by the elevation section 
or profile [23]. In the vertical direction the 
hold is sometimes divided by a lower deck 7 to 
8 ft. below the upper deck, though more often 
only a tier of beams is fitted at this place. The 
construction of steel sailing ships is as simple in 
principle as their general arrangement. These 
. vessels consist of a steel shell 
ranging from ^ in. in thickness 
in the smallest sizes to J in. in 
the largest ones. This couqiara- 
tively thin plating is stiffened 
in the bottom by deep ribs 
called floors^ as shown by 24. 
They consist of platc.s I to \ in. 
in thickness and from (» to 30 in. 
in depth in the smallest and largest 
vessels respectively^. The sifh' 
plating is stiffened by frame girders 
f241, which form the continuation 
of the floors. They range in depth 
from 3 to 0 in., and may bo formed 
of various rolled steel sections. 

Details of Construction. 
At tho top of the vessel the frames 
on the two sides are joined by the 
beams of the upfKsr deck, which 
may or may not be fitted with 
steel plating, but are nearly always 
covered with wood planking from 
3 to 4 in. in thickness. The beams 
themselves may be of various sections of rolled steel 
girders. If a lower deck is fitted, as is the case in 
all large sailing ships, it is similar to the upjx^r 
deck. Both tiers of beams arc supported at the 
middle of the ship by solid round iron pillar.s 
stepping on tho centre keelson, which is a large 
girder lormed of plates and angles on the top of 
tho floor plates, as shown by 24. If the vessel is 
very broad, there may be additional rows of deck 
supports called quarter ptUars fitted between the 
middle and the side of the ship. The bottom of the 
vessel is usually fitted with a bar keel, ranging 
in size from 5 by in. to 12 by 34 in., and 
terminating aft in the stern-post and forward in 
the stem, both of which are of about the same size 
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as the keel. To distribute the effect of concentrated 
loads, girders are fitted on the top of the floors, 
where they are called sidft and bilge kedmmt 
and on the inside of the frames, where they are 
called hold' or side stringers. On the top of the 
upper decks of sailing ships a forecastle is usually 
fitted. It is an erection at the fore end of the ship 
about 7 ft. in height. A poop, which is a similar 
erection at the after end, is also usual. In addition, 
there may be deck houses for the accommodation of 
the crew near the midships part of the vessel. 
Tn a few instances a bridge has been fitted, which 
is a midship structure similar to those formed at 
the ends by tlio j>oop and fore- 
castle. Poops, bridges, and fore- 
castles extend always to the side 
of the ships, so that their side 
j dating is the continuation of 
the outside plating jwoper. 

They are sometimes used for 
cargo, but more often for living 
accommodation. 

Arrangement of 
Steamers. The general 
arrangement of steamers is somc- 
\v hat more complicated and more 
variable than that of sailing 
vessels. Steamships are, as a 
rule, relatively longer than those, 

])ropelled by sail, the length 
iieing usually equal to eleven to 
thirteen times the depth. The 
breadth is from 1 ‘4 to 2*0 times 
the depth. A bulkhead is always 
fitted near the fore end as in 
the case of sailing ships. The 25. 
remainder of the ship is not, 
however, available entirely for 
cargo, but must also provide spice for the 
firopelling machinery and for the coal. It is 
usual to pla(‘e the engines and boilers near the 
iriidship part of the vessel, as shown by 26, but 
sometimes they are placed at the after end, par- 
ticularly ill small steamers, which may thereby 
obbiin oue large hold for the n*ception of cargo. 
Wlien^ver the machinery space is, it is separated 
by means of steel wat(»r-tight bulkheads from the 
remainder of the vessel. If the machinery is amid- 
ships it is necessary in screw steamers to provide 
a tunnel through which the proyiollcr shaft passes 
to the after end of the vessel, where the screw is 
fitted immediately forward of the rudder. Water- 
tight bulkheads are a source of safety to any ship, 
as they tend to minimise the effect of a leak by 
confining the space to which the water gets access. 

A steamer would be as safe as a sailing ship with 
the same number of bulkheads, but as the former is 


the more valuable, she is always subdivided to a 
greater extent tlian the latter. Figure 26 shows a 
steamer with seven watertight bulkheads, which is 
the usual for vessels over 3ii0 ft, in length. Shorter 
steamers have fewer, and larger ones may have more 
watertight divisions than in this instance. The 
bottom of a steamer may be constructed, as in the 
case of the sailing ship shown in 24, of a single 
thickness of plating. If the vessel is at all of a 
fair size, it is now almost invariably oonstmeted 
with an inner bottom, as shown by 25. This is 
another reason why a steamer is usually safer than 
a sailing vessel. The latter may, however, and 
sometimes does, possess this 
source of safety. From 26 it will 
be seen that the space provided 
in a steamer is divided up into 
several holds numbered from the 
fore end. These, again, may be 
divided by one or more decks. In 
26, only an upi^er and a lower 
deck are shown. As the engines 
and boilers do not occui)y the 
entire space from side to side of 
tljp shi]), it is usual to provide 
bunkers here for the coal to be 
used on the voyage. If enough 
space is not available here, the 
cargo hold immediately in front 
of the boilers is encroached on 
for this purpose. 

Deck Erections. The 
character of the upper part of 
a steamer varies considerably. 
The top deck may be what is 
called jhish — that is, without any 
erections except casings covering 
the engine and boiler room open- 
ings, and smaller d(*ck houses, such ns chart and 
steering houses. The up|>ermoRt deck may also 
have a poof> and a forecastle above it, as in 
most sailing vessels, or one only of these erections 
may be fitted, but the most common arrangement 
is that a poop and a forecastle is fitted at the after 
and fore end of the vessel as shown by 26, and a. 
bridge ov^er the midships portion. The bridge is not 
merely a convenient ]>lae.c for the necessary cabin 
accommodation in a steamer, but it adds to the 
safety of the vessel by protecting the largo machinery 
openings from the sea. It is very common for 
jioops, bridges and forecastles to be extended 
so that there is only a short space between them, 
which is then called a well. Tn some instances the 
erections join and form a complete up]w structure. 
The vessel is then called an awning or shtlter-deck 
ste.ainer, the upjier deck being the awning or shelter 
deck. Above this deck there may ])osRibly bo 
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other erections. Most sailing ships, if they have to 
carry ballast, must use stone, sand or gravel. 
Steamers now always use water for this purpose, 
as, whore the power is at hand it is much more easily 
let in and discharged by means of filling pipes and 
pumps. Where a double bottom is fitted, It can bo 
\ised for the purj)Ose of carrying water ballast. 
Where the amount thus provided tor is insufficient, 
and where there is no double bottom, the necessary 
space is provided by a so-called de.cp Un\k^ which is 
simply a small hold sot apart for this purpose, but 
which may be used for cargo or coal when re(piired. 
Figure 26 shows one such deep tank immediately in 
front of the boiler hold. Large steamers may have 
two deep tanks. 

Construction of Steamers. In construc- 
tion, as in general arrangement, steamers differ 
more than sailing ships. The outside shell plating 
is similar in both types. On the whole there is no 
variation at all in the arrangement of this part of a 
ship’s structure. It consists of individual platc's of 
smaller or larger sizes fitted in a fore-and-aft 
direction, and ns steamers are built of very much 
larger dimensions than sailing vessels, its thickness 
ranges from in. in the smallest to 1 in. in the 

largest ships. The single bottoms of steamers are 
constructed similarly to those of sailing ships shown 
by 24. If an inner bottom is fitted, the floor plates 
are deei>er and thinner, and are lightened Iw large 
holes being cut in them ns indicated by 25. Tlie 
greater depth is required to allow of sufficient space 
between the two bottoms for every part of the 
structure to bo accessible, and to produce. sufficient 
capacity for w'ater ballast. I’he inner bottom is 
fitted on the top of the floors, and consists of plating 
J in. to J in. thinner than the corresponding outside 
plating. At the side of the vessel w'hcre the inner 
bottom terminates, ordinary frame girders are 
fitted to stiffen the plating. At the top of the frames 
the beams of the upper deck lie the two sides of 
the vessel together, as in sailing ships, but in the 
arrangement of the stnicture below tliis deck there 
is again considerable variety in steamers. There 
may bo only one huge hold below the iipjier deck 
with very strong frame girders at the side, or 
there may be a lower steel deck as shown in 26, 
which supports the sides to such an extent that the 
frame girders may be of smaller size. There might 
have b^n a third and even a fourth tier of beams 
with docks laid on them, Grenerally speaking, 
the number of the decks increases with the size 
of the vessel, but this is to a largo extent a question 
of convenience. In passenger steamers decks are 
necessary to provide for cabin accommodation, but 
in cargo vessels a oapaciouB hold may be required. 

Framing and Beams. WhWo the depth 
from the bottom to the lowest deck is large, and 
where, consequently, frame girders of considerable 
dimensions would \ye required to support the sides 
properly, a special arrangement of framing is 
sometimes adopted, consisting of a few very deep 
plate frames, called wch frames^ fitted at intervals. 
The ordinary frames can then be of much smaller 
dimensions, when they are supported by fore-and- 
aft girders or stringers from web frame to web 
frame. The beams or decks are supported by 
means of pillars from the bottom of the vessel. 
There is at least one row of these supports, but 
there may be tw^o or three. In cargo holds it is 
usually desirable to do with as few of these obstruc- 


tions as is possible, and they are consequently 
often fitteil at a considerable distance ai)art in the 
fore-and-aft direction, and have a girder fitted at 
their heads for the support of the intermediate 
beams. 

Machinery. The engines and boilers used on 
board ship differ but little in general principle from 
those on land. B\it even in a moderately large 
steamer the power required to drive her through 
the water at a reasonable speed is in excess of what 
is sufficient for land purposes except in very special 
instances. In the smallest of steamers the indicated 
horse-power amounts to some hundreds, in a 
moderately large one it may be some thousands, 
and in a very large one it may be tens of thousands. 
As the weight of the engines, boilers and coal has 
to be carried by the ship at the expense of a similar 
amount of cargo, it follows that it is doubly desir- 
able that marine engines and boilers should be of 
the lightest construction consistent with absolute 
safety, and should be of the most economical 
design as regards coal consumption. A ship engine 
must also be able to be governed more completely 
and quickly than a land engine, owing to the con- 
tinual changes it may often bo necessary to make 
in the speed of a ship. The type of boiler now 
almost universally adopted in steamers is that known 
as the Scotch tubular marine boiler, where the flames 
from the fire are carried through tulles surrounded 
by water. In a few instances the so-called water- 
tube boilers have been adopted in merchant ships. 
In these the water is in the tubes with the flames 
playing round them. This type of boiler is much 
lighter than the ordinary one, but it has not been 
found so reliable all round. 

The engines used in a steamer are almost invari- 
ably of the inverted direct-acting surface-condensing 
description. They may be compound, triple or 
quadruple expansion in their action. Those 
belonging to the last (jategory arc the most econo- 
mical as regards coal consumption, the sttmm being 
used four times before it is condensed. As the 
power required becomes larger, tlje number of boilers 
is increased in preference to increasing their sizt*. 
Two is the ordinary number, but in large and fast 
steamers there may be more than a dozen double- 
ended boilers. When the engines would l)e incon- 
veniently large, two propellers are adopt(‘.d. This 
may also be done whore the size of a single 
proiHjller would be too large for the draft of the 
vessel. 

Practical Training. In this and the 
previous article a rough outline has been given 
of what a modern ship is like, and of the way in 
which it arrived at its present state of evolution. 
Such imparted information must, however, always 
be a poor substitute for that which is gained by 
the intending shipbuilder during a practical 
apprenticeship, when ho can l)ocome thoroughly 
familiar with all the details of ships as they are. 
In the following articles the actual building of 
ships will be dealt with. In the first instance it 
will be assumed that it has been mutually agreed 
between the shipowner and the shipbuilder what 
the prospective vessel is to be like. In other words, 
the ship has been designed. Drawings showing 
the general arrangement, a model showing the 
form, and a specification setting forth the other 
details having l)een decided upon, it remains for the 
shipbuilder only to produce the desired structure. 
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IT i« a coniiiion matter of everytlay exjwienre 
* that moHt footlH, es]U‘f.*irtlly tho'^e of anininl 
origin, are subjeet to decoiJi]josition if kept fjeyond 
a certain }»eriod. Before w(i ('-an pro]x*rly aj^pi-eeiate 
the value of the difTerent methods of preserving 
foods it is absolutely necessary for ua to form a 
(dear conception of the causes which bj iiig about 
decomposition and putrefa(dion. 

Why Food will not Keep. Foods ar(i 
mixtures of complex organic substances, 
and w^hen they go bad tliese ehemit-*al sub 
stances undergo (jhemical 
c-hanges with th(^ formation of 
other substances characterised 
by their unpleasant iastc and 
smell, or by poisonous pro|)er* 
ties. These chemical chang(“s 
are brought about by minute 
organist u s ( m icro-orga nisms), 

which are invisible to the naked 
t*ye. I See Bact-erioh^gyJ. -All 
de(U)m posing substtinces, when 
examined under the inicroscopc*, 
are seen to be swarming with 
innumerable organisms of vary- 
ing shape and form. Th(;y are 
so universal that it is no easy matter to prepare 
liquids free from them and keep them in this state. 
Water taken from any jx)nd, well or stream, e\en 
fresh ra in water, teems with lift^ when exaniiiKHl in 
this w'ay. Like all living things, these micro-organisms 
bring about the chemkjal traiisforuiation of mnitrr 
by “ feeding on,” or absorbing, substanc('s in one 
form and excreting them in another, or else prod nr* 
ing ferments which bring about 
these changes. It often hap- 
|)ens that substances produced 
by one organism Ix’come the 
food of another, so that a whole 
s(Ties of chemical changes are 
brought about. This haptxms 
when any animal foodstuff 
undergoes , putnjfjiction. The 
danger of consuming such fo(xl 
lies in the small quantities of 
poisonous products (j)toniaines) 
they juay contain. In the early 
stages of decomposition food is 
often covered with furry 
growths, commonly known as 
moulds. These are well eharac • 
terised forms of plant life. I'liey 
are of considerable importance 
as they prei)are the way for the 
development of other more 
minute organisms and bacteria. 

If only we could exclude these organisms, it might 
he possible to pn^aerve even the most perishable 
of foods indefinitely. 

How BacteHa are Kept in Check. 

Having shown that food will not keep because of the 
aetion of micro-organisms, it will now ho our business 
to inquire into the conditions under which they 
live, in order that we may learn how to control them. 
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The spores, or seeds, are extremely minute, are 
always found floating in the air, and are continually 
settling like dust on every object. Wherever 
they find favourable conditions and suitable sur- 
roundings they quickly obtain a f<x)thold, and breed 
and multiply. These conditions may be classed 
under four heads: (I) Supply of suitable food; 
(2) )»resence of moisture ; (3) suitable conditions 

of lemy)erature ; (4) absence of substiinces which 
either kill them or prevent them developing. 
Veg(‘tablo and animal matter, including 
foods for human consumption, 
fill provide suitable food for 
micro-organisms, but it is 
essential for their develo[>mcnl 
that moisture should be present, 
hence the primitive method of 
})rcserving food by drying, and 
therefore excluding moisture. 
Tlmroughly dried foodstuffs will 
keep an immense time. The 
organisms may be there, but 
havenotachanoe of developing. 

Cold Storage. Food 
may be preserved by taking 
advantage of the fact tliat 
bacteria will only develop within a certain ranges 
of tempcratuiv. Thus below about 50 ’ F. their 
activity is almost entirely arrested ; above F. 
bacteria are destroyed. Wc shall confine our atten- 
tion, to start with, to those methods of pif'stTvation 
dc|)endent iq>on low temperatures, and generally 
known as i*efrig(Taiion, or cold storage. The foo(l, 
whether meat, tish, vegetables, or fniit, is kept at 
a low tem|)erature until required 
for con8uiny)tion. 3’his is per- 
haps the best method of pre- 
serving food as it adds nothing 
to and takes nothing from the 
article, so that no change is 
brought about, and the food 
remains as nutritious and diges- 
tible as l)cfore treatment. Tho 
advantfiges of cold storage will 
lx?come apparent when we see 
some of tne disadvantages at- 
tached to the other metlugls of 
preserving food. By the aid of 
cold storage hundreds of thou- 
sands of tons of different food- 
stuffs are im|K)rted annually 
into this country without tho 
use of any chemical preservative. 
When the ship arrives here the 
fcxKls tuffs are taken out of the 
refrigerating chambers, and 
jdaeed in cold stores until reemired. We shall now 
describe tho machinery and plant used in this 
connection. 

Refrigerating Machines. The rooms in 
which foodstuffs are stored are generally kept cool 
by a system of overhead pipes through which cooled 
brine circulates. Brine is chosen, as it can be re- 
duced to A low temperature without freezing. In 

5403 







aatNf 

I //»! ui mr/Nb 


SECTION OF A L/\ND TYPE OP 
REFRIGERATING MACHINE 





FOOD SUFPLV 



3. LAND TYPE OF CARBONIC ANHY 
DRIDE REFRIGERATING MACHINE 


order to cool this brino 
refrigerating inachines 
are required, of which 
there are several tyi)es, 
and although those now 
generally employed are 
identical in principle, 
their'construction varies 
considerabl 3 ^ The princi- 
])le involved 
is as follows : 

By means 
of a compres- 
sor, certain 
easily lique- 
fied gases, 
such as car- 
bon dioxide, 
ammonia, or 
sulphur di- 
oxide, are 
condensed to 
a liquid in 
a condenser. 
The conden- 
It consists of 


ser is shown diagrammatically in 1. 
along coil of tubing surrounded by water, which 
absorbs the heat given out by the gas as it liquefies, 
the warm water jjasaing away, and being constantly 
replaced by fresli, cold water. The liquefied gas now 
])a.sses on through a regulating valve to 
theevaijorator, where it rapidly evaporates, 
the liquid being converted again into 
vapour ; in doing this it absorbs 
heat from the brine suiTounding 
it, so that the latter is cooled 
down to a low temjHjrature. 

The gas, as it loaves the evapora- 
tor, passes again to the coui- 
jiressor, and the cycle of oi)er- 
ations is repeated. Pro- 
vided there are no leaks, 
no fresh gas is required, 
since it is used over and 
over again. 

The Chief Gases 
Employed. Opinions 
differ as to the most suit- 
able gas, but . we may 
mention three which can 
l>e used — namely, carbon 
dioxide (carbonic anhy- 
dride), ammonia, and 
sulphur dioxide gases. 

Carbon dioxide gas is 
cheap, costing only a few 
pence per )>ound. On the other hand, ammonia has 
the advantage that it is liquefied at a lower pressure. 
While carbon dioxide requires, in temperate climates, 
a pressure of 850 lb. |)er sciuarc inch for liquefaction, 
ammonia may be worked at a moderate pressure 
of about 120 lb. to the scpiaro inch. On the other 
hand, all compressor parts of the carbonic acid plant 
are much smaller. Ammonia is an alkaline gas. 
and in the presence of air will dissolve copper and 
other metals, so that in ammonia machines all 
copper, or copi)er alloy, must l)e avoided in any parts 
which come in contact with the ammonia. This is a 
great draw'bock to the use of ammonia machines 
where only sea-water is available for cooling, as the 
iron pipes, which alone can be used, are quickly cor- 
roded by sea- water. If it should escape, the smell is 
objectionable, though scarcely unpleasant, and in case 
of a serious escape it would prove dangerous. Sulphur 
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dioxide is, perhaps, the least suitable of all three. It 
is not difficult to liquefy, but is more corrosive, 
especially as it is liable to be converted, by oxithition, 
to sulphm'ic acid in the presence of air and moisture. 

In connection with cold storage w^e shall descrilio 
machines worked with ctirbon dioxide gas, but will 
treat of a machine using ammonia cas when dealing 
with the cooling of pasteurised miUc. 

Cold Storage Chambers. Figure 2 shows, 
in section, the coiLstruction of a carbonic anhydride 
refrigerating machine. Fig. 3 is an illustration of this 
machine, which, of course, can be used not only for 
cooling brine for cold storage chambers, but also for 
making ice, cooling water, or all purj) 08 es combined. 
It will be seen, as illustrated in 1, that the com- 
pressor forces, the gas into the coils of the condenser, 
which arc contained in an annular vessel surrounding 
the eva}x)rator, a space fitted with an insulating 
material l)eing loft botw(*en the two. Tlie crank sliafl 
not only works the compressor, but also a small pump, 
which drives the cooled brine from the imicr vessel, 
and causes it to ciiculate tlvroiigh the pipes in the 
cold storage rooms. These brine tubes arc made in 
long lengths, sometimes 200 ft., electrically welded, 
and arc known as grids [6]. In large installations, 
the brine grids are divided into 
sections, each section having a 
separate return pii^e back 
to the machine, whore 
valves are placed for 
regulating the qiiantity 
of cold brine circulating 
in each section as re- 
quired by the temy)era* 
tme in the room ; a. 
sy.stem of this kind is 
necessary in order to ob- 
tain a regular tenq^ra- 
furc^ in the cold stores. 
The grids are generally 
"v' fixed at tlie top of each 

; room under the coiling, 

and, the air in contact 
with the pipes l)ecoming 
colder, and consequently 
heavier, descends, and is re- 
placed by “less cold” air 
from beneath, prodiayng a 
constant circulation. More- 
over, the air is not only cooled but 
dried, as the moisture separates 
out, and condenses on the grids. 
The quantity of cooled brine con- 
tained in the system of grids is 
very consideiable, and this acts as 
a reservoir of “ cold,” so that in 
manj’^ cases it is unnecessary to run the refrigerating 
machine continually, but only for a few hoims daily. 

In some cases, esj)ecially when storing butter above 
32° F, and all kinds of fruit, a circulation of cold air 
is preferable for cooling the chambers, in which (!asi^ 
a number of gi-ids are placed together in convenient 
proximity to 
is drawn 
through them 
hy moans of a 
powerful fan, 
and con- 
ducted by 
mojins of air 
ducts to the 
cold rooms. 

In some 
meat-freezing 


the refrigerating machine, and air 
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works it is the practice to ’iiitall brhic walls which 
consist of largo, flat, very shallow boxes | 6 ] made 
of steel plates placed parallel to each other 
at convenient distances, through which the cool 
brine is circulated. Jn the passages between these 
walls tho meat to be frozen or chilled is hung, 
as illustrated in 7 . Tho brine grids are seen 
beneath the ceiling, and the brine walls between the 
rows oLcarcases. In the rooms overhead, fitted w'ith 
i)rine grids, the frozen meat is stored. The brine 
system is also largely used for 
baron curing. The sides of 
bacon are hung up in rooms 
chilk'd by brine pipes, and 
generally with cold air eirciiln- 
tion to 40^ F., which tem]x?ra' 
lure luininiiscs the tendency 
lo putrefaction, while, on the 
t)thei* hand, it is the lowc*st 
temperature at which the meat will take ” the 
salt perfectly. Fruit can also be very advantageously 
stored in cool cliaiuluTs, cither for carringo over 
long distances, or t(^ ke^p back a glut until a tiiiio 
at which it will fetch a considerably enhanced price. 

Refrigeration in Factories. Another 
instance in which refrigeration may usefully be 
applied is in cooling chocolate, in order to hasten 
and facilitate the removal of the tablets from the 
monlds. This is a very diffiouU ojjcratiou in summer 
under ordinary <’onditions, when the chocolate tond-j 
lo adhere to the moulds, making it necessary some- 
times to reinclt and cast again. 

Brewing is a delicate oi»erntion dei^ending on tlie 
growth of yeast, which is much influenced by 
t(‘m])cratnre. A refrigerating machine is therefore 



the “ w ort " 
and maintain- 
ing the correct- 
tempera tore in 
the “ tuns. ’ 

Moreover, tlie 
linishod beer 
should be bot- 
tled at a low 
teni|ierature. 

Multifarious 
as arc the uses 
of cold storage' 
on land, it is, 
if possible, of 
greater impor- 
tance in tb(' 
shipping of 
frozen meat 
from on r 
Colon k's. For 
such pur])oses 
large marine- 
type machines 
arc employc'd, 
as shown in 4 . while for preserving passengers’ 
provisions the machines illustrated in 8 are used. 
The principle in all these machines is similar to 
that already described. Figure 9 shows a typical 
installation for the carriage of frozen meat on 
board a White Star vessel, on the system of 
Messrs. .T. E. Hall, Ltd., to whom w^c arc indebted 
for illustrations 1-9. 

Preservation of Milk. We now come 
to another im|>ortant ap^jlication of the princi))lc 
of refrigeration— the treatment of milk, 'rhere are 
very few substances whieb are commonly used for 


human consumption so susceptible to the action of 
bacteria as milk and cream. The rapid decay of 
these substances, which is commonly and popularly 
called “ souring,” is caused by the presence of 
micro-organisms. It is well known that souring ” 
goes on much more quickly in warm weather than 
in cooler weather, and it is likewise known that milk 
can be kept from turning for certain periods by 
being put ‘‘ on ice,” or in an ice safe. It is, of course, 
siiuydy a case of arrested growth of bacteria; the 
organisms themselves are not 
destroyed by this action. 

Pasteurisation. The 
process of pasteurisation, 
which may appear to be rather 
mysterious to persons not 
familiar W’ith it, is a coni pa ra- 
tively simple operation. In 
reality, it is a proeess of heating 
the milk or cream to a temjierature that will destroy 
the disease germs and chilling it at once in order 
to prevent the spores from germinating and sotting 
up another generation of micro-organisms. The 
rapidity with which these spores develop is astonish- 
ing, and the jiracticnl w^y of dealing with milk is to 
deal with it as quickly as yiossihle after being taken 
from the cow, chill it down at once, and keep it at a 
low temperature. [See AoRiorLTURE, pages 403fl'7 
and 4209.] 

Public opinion, combined with legal necessity, 
fixes the standard which the practical dairyman 
must atbiin, and the demands upon the dairyman 
are constantly becoming more and more severe. 

There are, of course, difficulties eonnected with 
the ]>roces.s of yiasteiirisation, and they lie in the 
aceomplisliment of the desired result without in- 
juring th^ milk or changing its consistency, for which 

111 a c h i n e r y 
j) r o p e r 1 y 
adapted to the 
jiurpose is 
(‘sscntial. Pro- 
perly pasteur- 
ised milk has 
been reeom- 
m e n d e d by 
the best 
jihysicians. 

The ordinary 
p a s t e u r i s e r 
which has 
hitherto been 
used is shown 
in 10 , and con- 
sists more or 
less broadly of 
a vertical cylin- 
drical vessel 
surrounded by 
a steam jacket. 
Within t li e 
vessel is placed 
a vertical spindlo having a paddle or stirrer fixed 
to it, driven by suitable gearing from any 
source of power. The steam is turned on to tho 
jacket, the milk allowed to flow into the machine, 
and tho paddle set in motion. It is assumed 
that the whole of the milk becomes pasteurised 
in being rapidly stirred round and thrown 
against the steam-jacketed sides of the cylinder. 
Unfortunately, this assumption is not quite correct, 
as a portion of the milk does not come into 
contact with the heated sides of the cylinder, and 
passes away through the outlet without having 
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been raised to the requisite temperature to destroy 
the micro-organisms. 

On the other hand, much of the milk is heated to 
too high a point, and tjoagulation of the albumen 
results, impairing, the digestibility of the milk. 
Although the outflow from the pasteuriser 
may give the correct temperature of about «<?/.. 

165°, it will be evident that V 

some of the milk has been 
heated too much, and some 
insufficiently heated.^'- ■: 

It should, be mentioned 
that another drawback con- 
nected with the vertical , pas- 
teuriser with revolving spin- 
dle is that the step or joint 
upon or through which the 
spindle is situated forms a 
pocket where a little liquid is 
likely to remain, providing an 
ideal habitat for bacteria. 

New form of Pas- 
teuriaer. In the newer 
typo of machine the milk 
does not pass through a 
cylinder, and is not knocked 
about by a revolving paddle, 
but flows over a series of revolving drums which 
are somi-submerged in milk troughs. 

In the case of the machine illustrated [11] the 
milk is allowed to flow slowly into the top trough, in 
which revolves a tinned copper corrugated drum, 
through which hot water j)a88e8 at the requisite 
temperature. As 
the drum re- 
volves, a film of 
milk adheres to 
it, and is carried 
over with it and 
heated to the 
right point. The 
outflow from the 
ton trough is 
taken to a point 
where the heated 
milk naturally flows off. 
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and none can go over 
excepting that which has been brought over by the 
revolving drum and i)roperly heated. No milk can 
be overheated, and every particle of milk comes 
into contact with the drum without being churned or 
otherwise knocked about. In 
the second trough is a second 
revolving drum, through which 
ordinary water is constantly 
flowing. This water reduces the 
temperature of the milk to about 
00°, and the milk then flows out 
into the third trough. A circu- 
lation of cold brine at about 
36° passes through the third re- 
volving drum, and x educes the 
milk to about 40°, at which 
point the milk flows out into a 
suitable receptacle. 

In many modern dairies a 
cold storage room at 38° to 40° 
is provided, and milk placed in 
it when it does not go out 
immediately for consumption. 

The revolving drums are made 
of hard rolled copper, tinned all over, and the nulk 
.troughs, which are round at the bottom, are made of 
the same material. Thero is, therefore, nothing that 
can contaminate the milk, and the revolving mums 
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are thoroughly cleaned after use by Ijeing 
revolved while a brush is held against them, warm 
water being placed in each trough during the 
operation. This machine constitutes a pasteurising 
and chilling apparatus in one frame, but where the 
older types of pasteurisers 
are used the milk flows out 
from them over a flat cooler. 
These coolers reduce the milk 
to about 40^^ as it runs off 
into the large cons in which 
it is sent by rail. 

The Milk Refriger- 
ating Machine. The next 
important item to consider in 
connection with milk ])as- 
tcurisation and chilling plant 
is the refrigerating machine, 
which is necessary to jirodu(^e 
brine at a low enough tem- 
perature to chill the milk to 
the reciuisite point. 

Wc have already described 
machiiK^s worked with carbon 
dioxide gas. The one wc shall 
now doscril>e uses ammonia 
gas 1 12]. Any escape of gas 
is fire vented by doing away with the reciprocat- 
ing and compressor and stuffing-box, and by 
carrying the crank shaft horizontally through a 
self-sealing gland. The princi]>le of refrigerating 
machines has already been explained. The gas 
enters at A through the pipe B, and thonoe into 

the piston C. 
I) is the suc- 
tion valve 
through which 
the gas pass<?s as 
the piston de- 
scends; then, as 
it ascends 
again, the gas 
is com pressed 

and driven 
through the 
passages F and iii) the discharge pipe F, into the 
condenser coils, HH, where it is cooled by the 
surrounding water and liquefied, collecting in a 
receiver. The liquid then nows to the expansion 
coils in the cooling apparatus, where it produces 
the desired refrigerating effect 
in the action of boiling off to 
gas again. The ammonia gas 
thus oDtained is returned to the 
machine to be again liquefied, 
and the cycle is repeated. 

The machine is actuated by 
the pulley P, attached to the 
crank shaft L, which revolves 
in an oil bath and also seals the 
packing joint M. 

In larger machines the con- 
denser is placed apart from the 
compressor, as plant would 
otherwise be too bulky and oum- 
l>ersome. It is built of two tubes, 
one placed inside the other ; 
through the imier one runs the 
water which cools the ammonia 
compressed into -the space 
between it and the outer tube. The ocmstnictidn 
of the coils is shown in 14 >, and 18 is a view of 
the coil. This form of construction is far superior 
to the old type, where the ammonia gas was 
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11. MILK PASTEUEISINQ AND CHILI^ING APPARATUS 
(The covers have been removed) 


f oiulrnsiied in a Hat coil of pi|»os. tliegaa 
flowing downwards inside the pii^e «ncl 
the water trickling downwards over the 
outside. The water in this case, being 
free to evaporate, brought about >i 
certain lowering of teiiij)erature ; <311 

the other hand, the water getting warm 
in its descent ran over the bottom })i)X‘s 
when hottest, w'hile the ammonia was 
endeavouring to liquefy inside these 
same pi}>es, with consequent re-evapor- 
ation of some of the liqiielied ammonia 
and loss of eftieiency. 

The modern plant for dealing with 
milk mainly consists, therefore, of an 
efficient pasteurising machine and a 
simple and efficient refrigerating 
machine, with the necessary steam for 
the heating drum and the ])ower to 
drive the pulleys on the pasteurising 
and refrigerating machines. 

Removal of Dirt. Owing to 
the manner in which milk is produced, 
and at present handled at the farms, it seems almost 
im]>ossible to exclude dust and dirt. An apparatus 
w})ich has been lately introduced is a strainer 
of exceedingly fine mesh having about 1,440 
holes to the suiiare inch. Such a fine gauze 
would be immediately stopped u]> if it were 
stationary and the milk simply poured tlnough it. 
The strainer surface is therefore made in the form 
of a hoop, and is rotated as the milk flows through it. 
The rotating gauze hoop is constantly eloaued by 
a revolving brush, and passes under the milk in an 
open and clean condition. It is an established proof 


and fact that milk treated in the above-mentioned 
iiinnnor, properly cleaned, p<usteurised and cooled, 
will keep about 18 hours longer under ordinary 
conditions than milk whi(*h has not been so treated, 
and it will keep in good condition for from seven 
to 10 days if )jlt\ced in a cold room at 30°-40® F. 
The illustrations 10*14 have been supplied by 
Messrs. A. G. Knock & Co., Ltd. 

Tinned, Potted, and Bottled Goods. 
The method adopted in sterilising milk may Iks 
applied to numerous other foodstuffs. The principle 
of the canning process is simply this; The food is 
heated to about 170^^ F., in order to destroy 
bacteria, and the vessel sealed while hot. On 
cooling, the contents remain sterilised and in such 
a stiite that they will keep indefinitely. This 
0 ]>cration, termed pron ^shnj, is carried out in three 
stagc.s. Firstly, the preparation of the foodstuff ; 
secondly, the sterilisation : and, thirdly, the sealing 
of the tins, bottles, or jars. We know no reason 
why food properly pre])ared in this manner should 
not be |K*rfectly harmless and nutritious, although 
the heating somewhat alters the character of the 
food. However, ns it is the object of the ))acker 
merely to preserve and not to cook tlie food, the 
heating is not prolonged more than necessary, 
twenty minutes to half an hour being 
genor.ally sufficient. There are, how'- 
ever, certain dangers common to canned 
goods. In the first place, there is the 
danger of the acid juices, especially in 
the case of fruits, having some 
action on the tin or solder, but 
cases of poisoning from this 
cause are very rare, and most of 
those recorded W'ero probably due 
to quite another cause — namely, 
formation of ptomaines. At any 
rate, the danger can be easily 
avoided, if there be any, by 
using earthenware or glass 

vessels instead of metal ones. 

« 

Ptomaine Poisoning, 

The chief danger, however, arises 
from unsound tins, such as 
“pricked” tins — that is to say, 
tins Inefl&ciently closed down, or 
v'liich have been damaged so that 
the air has gained access to the 
contents. Tins are sometimes 
found “ blown.” This is owing 
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to incomplete sterilisation , bacterial action setting 
in after scaling, with the production of gaseous 
substances, causing a pressure inside the tin. There 
is always a partial vacuum in sound tins, so that 
when opened the air rushes in to them with a 
j>eculiar sound. If the tin has been imperfectly 
scaled, or if the sterilisation has not been com- 
plete, bacterial action is sure to set in, with the 


tions apply to butter, but we must bear in mind 
that it is not consumed to the same extent ns milk 
by infants and invalids : and as to cream, the great 
difficulties in the way of preserving cream, oven for 
a short while in the hot weather, makes the use of a 
preservative pardonable. There is, however, no need 
for the use of any preservative in the case of moat 
or fish, which should be kept fresh by cold storage 
or other means. 



result that the extremely poisonous bodies, pto- 
maines, are produced. These arc the causes of most 
easels of 7)oiaoning from eating tinned goods, 
esj)ecially tinned meat and fish, which are particu- 
larly liable to undergo such putrefactive changes. 
Sometimes, in the preliminary treatment, the food- 
stuir is treated with chemical preservatives in order 
to cover defective canning. This practice is to bo 
condemned unhesitatingly, for if the canning be 
efficiently carried out there is no need for such pre- 
servativv-'s. Chemical preservatives are, however, 
used Aery largely in food not destined to be canned, 
especially such as easily undergoes decomposition and 
])utrcfaotion. We shall ha va- to consider these 
chemical preservatives somewhat in detail. . . , 

Presenratives in Common Use. ^ rinmon 
salt is about the oldest preservative we know of, 
but at the same time it is very ineffectual. In most 
eases large quantities are required. Where used it is 
oflen supplemented by the addition of some power- 
ful preservative. Of chernicnl preservatives, borax 
and boracic acid are perhaps more commonly 
employed than any others. They are, liowevcr, 
very mild in their action, and the quantity used 
must not be too small. Numerous experiments 
have shown that Jess than 4 gr. to the pint is 
practically useless in preserving milk, and the 
(juantity often recommended to be added is quite 
(loll hie this. Borax and boracic acid arc .also used 
largely for butter, cream, potted meat, and mnn^^ 
other foods, and the question naturally ari.ses 
whether they are harmful, and whether restrictions 
should be put upon their use. Boracic acid is fre- 
cpicntly administered medicinally, the maximum 
.lose being 15 gr. ; that of borax is 20 gr. It is 
evident, therefore, that in the case of 
young children and invalids, who 
practically live on milk, the quantity 


Preservatives to be Avoided. Passing 
now to formaline, another preservative, we are on 
somewhat different ground. No one can assert that 
formaline is harmless, and its use as a pi’cservative 
should be prohibited. Nevertheless, it is occasionally 
found in milk, and is sometimes sprayed over meat, 
fish, and fruit to preserve them. It has a peculiar 
action on the gelatinous constituents of foods, harden- 
ing them and rendering them insoluble, and thus very 
difficult to digest. Salicylic acid is another ])rescr 
vative, found especially in yireserved fruits, tcra- 
]>eranoe beverages, sacramental wines, lager l)eer, 
etc. ft is probably more dangerous than borax, 
and its use is seldom, if ever, justified. People differ 
very much in their susceptibility to salicylic acid. 
Many people — according to some authorities, 00 per 
cent. — are easily affected by small doses of the drug, 
causing symptoms known as salicylism, including 
deafnc.ss, headache, delirium, etc. The use of sali- 
cylic acid in food should, therefore, be regarded with 
great suspicion. Sodium mlphitc is another 
chemical preservative which is occasionally found, 
especially in stale meat, as it has the jwculiar pro- 
perty of imparting the bright red colour of fresh 
meat. It also acts as a deodorant, and ma.sks the 
offensive odours which are produced in the first 
stages of putrefaction. Fluorides, usually .sodium 
or potassium fluoride, have been found in butter, 
and their use should bo prohibited. 

Frauds on the Public. With regard to all 
these chemical preservatives, the weaker ones, in 
small qiiantiticH, are not of very great value, and the 
stronger ones dangerous. Moreover, their u.mo 
mu.st be regarded as a fraud upon the public, as 
they impart to the foodstuffs a deceptive R}»pcarancc 
of freshness. Thus borax or boracic acid, although 
they have a certain inhibitory power on the micro- 
organisms, which bring about the souring of milk, 
probably have little or no effect on the more 
dangeroius pathogenic bacteria, so that milk pre- 
served with borax, nlthoiigli it may appear still 
fresh and jialatablc, i.s, nevertheless, as stale as if it 
had gone sour. 

Unfortunately, legislation, as it affects preserva- 
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taken daily, even putting it so low 

as 4 gr. to the pint, would exceed the maximum 

pharmaceutical do.se. Such cases illustrate the 14. cONSTEUCnON OF CONDENSER FOR AMMONIA gas 
danger which may attend its use. On the other 

hand, it is difficult to say how far it would affect . lives, is extremely imsatiafactory iti this country, 
a healthy adult, although the recent elaborate Although the report of the Departmental Corn- 
experiments of pr. Wiley seemed to show that even mission appointed to deal with this subject made 

in that case it is likely to prove harmful. Nor can it certain recommendations as to what preservatives 

be claimed that its use is neces.sary, as some of the should he permissible, and in what proportions 

largest wholesale dairymen bring their milk to Lon- these recommendations have not been adopted bj 

don and other largo towns from great distances, the Board of Apiculture, and have con8equentl]\ 

and manage to dispose of it without the use of any remained a deaa letter, with the result that coii 

uresorvative whatever. Much the same considera- flicting decisions in the courts are the general rule. 


ifooD Preservation condvded; followed hy Catebinq. 
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THE CAUSES OF DISEASE HEALTH 

The Cause and Prevention of the Most Common Forms 20 

of Disease. How Disease is Spread. Statistics conttriue<i fr<,n 

paue SU74 

By Dr. A. T. SCHOFIELD 


have to speak first of the prevention of 
endemic disease, or diseases that attach 
themselves to and recur in a place rather than 
those which spread from person to person by 
infection, which are called epidemics. 

Phthisis. Consumption depends on three 
things — the soil, the sower, and the seed ; and 
without these throe things the disease does not 
occur. The soil is the weakened lung tissue, pre- 
pared, first, by hereditary tendencies or, secondly, 
by repeated bronchitis or other lung diseases. 
The seed is the bacillus of tubercle, the tiny 
germ to whose ravages the disease is duo. The 
sower is the fatal opportunity when the seed 
gets so firmly implanted in the lung that it can 
multiply. All of us are breathing the germs 
daily without injury. It is only the combination 
of all these things that produces the disease. 

Phthisis does not depend on temperature ; 
it is common in Greenland, in English cities, 
and in the West Indies, It does not depend on 
latitude ; in Norway, Holland, and Italy the 
death-rate from it is the same — 2*5 per 1,0(K). 
It dostro 3 rs native races (Maories and Sandwich 
Islanders) because they are not accustomed to it, 
and have developed no resisting power. 

Towns such as Rome, Naples, London, Edin- 
burgh, have the same death-rate from it. It is 
not dependent on humidity ; the Hebrides and 
Shetlands are very free from it. It is less common 
in the Navy than in the Array. 

It is not prevented by even temperature 
alone, A combination of variation and darajmess 
favour its spread, as at Alexandria and Port 
8aid. Even and dry climates hinder it, as on the 
Nile and in Lower Egypt. A damp soil strongly 
favours the disease, which, however, is at 
bottom an infectious one, the germs being prin- 
cipally conveyed by the dust of dried sputum 
of consumptive people. 

Where Consumption is 'Rare. Con- 
sumption is rare at high altitudes, and in 
people who live in the open air. Switzerland has 
the lowest death-rate from it. It is mostly 
found in Europe at elevations below 1,500 ft., 
where its death -rate is 2*15 per 1,000. From 
3 ft. to 4.000 ft. it is 1*9. At 5,000 ft. it is only 1*0. 

A great predis)>osing cause is over-crowding 
and indoor life, with its associations of foul air ; 
though Mexican and Andean cities, at 7,000 ft. to 
13,000 ft. high, although overcrowded, have but 
little phthisis, and it is rare in the crowded tents 
of the Bedouin Arabs. 

Phthisis is largely influenced by the mode of 
living, and according to whether one is brought 
into contact with dusts and foul air. 

Of 1,000 deaths among fishermen, 108 are 
from phthisis ; among grocers, 167 ; among 
drapers, 301 ; among poulterers, 461 ; among 


farmers, 103 ; among cutlers, 371 ; among 
earthenware makers, 473 ; among operatives, 
220 : among w*oolsorters, 265 ; among coal- 
miners, 126 — coal dust is not so injurious as 
other dusts. 

Consumption undoubtedly increases with bad 
air : 70 per cent, of the patients at Brompton 
Hospital have led indoor lives. The increase of 
consumption is directly in proportion to the 
density of the population. It is also due to here- 
dity, for from one-third to two-thirds of the 
children of consumptive parents develop con- 
sumption. The breath itself of consumptive 
people is not probably the source of infection, 
but the sputa. The disease clings to sick-rooms 
and confined dwellings. There is a record of nine 
successive cases in one travelling van. 

Is Consumption Preventable ? Phthisis 
is theoretically preventable, but practically its 
prevention is attended with many difficulties. 
Since 1801 the death-rate from this disease 
every five years has decreased as follows : 2*5. 
2*4. 2*2, 2 0, 1*8 per 1,000. In 1851-.60 it 
was J |)er 1,000 of aU deaths. In 1880-90 it was 
only 

The chief predisposing cause of phthisis is 
bad, close air. The mortality in huts is two-fifths 
of that in barracks. Improved ventilation has 
recently lowered the death-rate. 

Cattle suffer from tuberculosis. Infection 
may be caused by diseased meat or milk, though 
this has been disputed by Professor Koch. 
Bacilli arc found in the milk of tuberculous cows. 

Sanitation alone does not lessen consumption 
unless it drains and dries the soil. At Stafford 
it has made no change. Phthisis and damp 
soils go together. Where the soil has been 
dried, the mortality from phthisis has lessened 
to this extent : at Salisbury, 50 per cent. ; at 
Rugby, 45 per cent. ; Ixiicester, 30 ^>er cent. ; 
Bristol, 22 per cent. 

In damp soils consumption, bronchitis, rheu- 
matic fever, measles, whooping-cough, and 
pneumonia flourish. 

Scrofula. One variety of this disease is 
tuberculous. It is common in close, confined, 
damp, dark rooms. 

Rickets. The predisposing causes of 
rickets are too rapid child-bearing, weak parents, 
poverty, bad air, bad food, vegetable diet taken 
too early in life, and an absence of lime salts 
from the food. It was found in the Zoo that all 
the young lions developed rickets when they 
were fed on horseflesh, because the bones were 
too hard to crunch. When fed on goat’s meat, 
where the bones are softer, the rickets dis- 
appeared, because the animals got the lime 
salts. Other cases are duo to foul air, damp, 
cold cellars and want of sunlight. 
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Rhetiinatic Fever. Of cases of rheumatic 
fever, 27 per cent, are from inherited tendency. 
It arises from occupation, outdoor work, chills, 
poverty, and certain cold, damp soils. Damp 
houses and damp linen axe very likely to bring 
it on. Close air is also bad. 

Malaria. An “ unhealthy climate means 
almost invariably a “ malarial ” one. It is due 
to the bite of a mosquito, a species of anopheles^ 
found in warm climates, drying marshes, stag- 
nant pools and fen countries. Malaria is thus 
common when there is much moisture and 
decomposing vegetation — in old estuaries, allu- 
vial soil, deltas and damp bases of mountain 
ranges, and freshly-cleared forest lands. It is 
least common in winter. The mosquitos are 
carried by winds across plains. A forest is a great 
protection, so is a large sheet of clear water, and 
a dry subsoil and good drainage. 

We now turn to the consideration of the pre- 
vention of epidemics. With regard to those, the 
old terms “ miasma, ” “contagion,” “ infection,” 
have either disappeared or have been modified 
in their meaning since the discovery of the micro- 
organisms, which are the invariable cause. 

The means of infection are practically by air, 
water, food, and clothing. In this case again, 
as in consumption, wo require the soil, the 
sower, and the seed. Epidemics are moat common 
in spring and autumn. They may be divided 
into pandemics, or those which seem to spread 
everywhere at once, such as influenza (at certain 
times), ^nd epidemics proper, or those which 
ravage districts. 

Those borne by water arc typhoid, cholera, 
dysentery, diarrhcca, and sometimes scarlet 
fever. All the rest are carried by air, especially 
smallpox, chicken-pox, scarlet fever, typhus 
fever, measles, German measles, whooping- 
cough, mumps, diphtheria, and tuberculosis. 
Ague, leprosy, plague, typhus fever, are more 
or less extinct in England, 

Cholera. Cholera is l>elieved to be due to the 
•‘comma” bacillus, or jierhaps to two varieties. The 
.incubation is from one to fifteen days, generally 
tw(^ to five. It is a specific, zymotic, epidemic 
disease — a filth disease, carried by filthy people 
to filthy places ; but filth alone cannot produce it. 
It is endemic in Low^r Bengal and Central Asia. 
It is most fatal among negroes. It is commonest 
in autumn, and reappears in spring. Winter 
■stops it. Infants are exempt from it. It is 
most common between the ages of 20 and 30. 
.Poverty tends to increase if-. It infects by the 
.evacuations, which increase in virulence for 
three days. There are four sfuges : (I) Invasion 
and diarrhoea ; (2) exacerbation, and subnormal 
temperature starts ; (3) collapse, and the body 
drained of fluid ; (4) reaction, and rise of tem- 
perature and recovery. Fifty per cent, of those 
iattaoked die in about 30 hours. All stools 
should bo buried. Bacilli remain active in the 
body eleven days after death. All bodies, there- 
fore, should be soaked in carbolic. 

Cholera cannot be stopped by (quarantine, and 
is not due to air wa ves. We eat- it and drink it ; 
we cannot “ catch ” it — that is, through the air, 
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Epidemics occurred in this country in 1831, 
1848, 1854, 1866, 1892. It is brought from the 
Ganges by pilgrims and caravans, and used to 
take three years to come. Now, by trains and 
steamers, it can arrive in three months. 

The Holy Well at Mecca is a great centre, 
where pilgrims suffering from it wash and then 
drink the water. Some 38,000 die each year. At 
Hamburg, the Elbe has been found swarming 
with it ; in the River Durance, 300 germs per 
cubic centimetre were found before the river 
entered the town, and 4,000 after ; for on its 
banks were 20 com mills using grain from Russia 
and India, where it had been trodden out by 
cholera-stricken natives. In 1866, a man 
landed at Southampton ; he came to London, 
his evacuations passed into the River Lea, which 
is used as drinking water, and caused 16,000 
deaths. 

There are three lines of defence against this 
disease: Isolation at ports of all infected 

people and articles, the Metropolitan Asylum 
Board Hospitals, and the action of the Town and 
District Councils and Medical Officers of Health. 
The chief object in a cholera epidemic is pre- 
vention rather than cure. The sick should have 
beds of straw, which should be burned. All 
diarrhcea should be checked, and little fruit 
eaten, and only fresh-boiled fluids drunk. 

Small)>ox. The smallpox rash appears on 
the third day ; there are 14 days previously of 
incubation. The rash begins with red pimples, 
which then fill with water (vesicles), and then 
with matter (pustules). There is a pain in the 
back, and the infection lasts four weeks. Small- 
pox hospitals tend to infect houses round them. 
The smallpox infection is doubled in houses a 
quarter of a mile off compared with those half 
a mile away. The germs are diffused in fine dust, 
and have groat resisting power to heat and cold, 
and are spread by clothes more readily than 
scarlet fever. 

MEAN ANNUAL DEATHS FROM SMALLPOX 
At all j j i 

Vaticination optional . .SO.'> 1,017 337 KK) 
Vttcciiittlion compulsory 114 242 122 

Before inoculation was practised there was an 
epidemic in this country every three years, 
afterwards every ten. The maximum mortality 
was at the end of May. When inoculation began, 
only one- tenth of all attacked died, but the 
disease spread everywhere, because there was 
no proper vaccination, but only inoculaticm with 
the disease itself. . In 1838, free vaccination was 
established, and in 1853 it was made com- 
pulsory. 

People are thus protected (1) by havi-ig had 
smallpox ; (2) by inoculation with smallpox ; and 
(3) by vaccination with cowpox. 

Cowpox be described as a sort of smallpox 
in the cow. The table given above is of interest. 

Vaccination in infancy loses half its protective 
power at twenty years of age. Isolation is no 
substitute for vaccination. 



Before 1853, the deaths from smallpox were 
•4 per 1,000; since 1853 *2; now, only *001 of 
all deaths are due to this disease. This great 
decrease is in children under ten years of age. 
At fifteen years of age the death rate increases, 
because none have now had it in youth, for the 
vaccination protects them. Re vaccination at 15 
is not compulsory, but gives immunity for the 
rest of life. 

The following table gives the figures of hospital 
mortality in 5,000 cases of smallpox among 
patients of all ages ; 


Under 15 Over 15 
yra. of ajre yrH. of ajfc 

per <*erit. per cent. 

Vaccinated with IhmI mark(> .. 4 10 

„ one ^ood mark 0 

,, two ((nod inarkH 0 4'(J 

„ three f(ood marks 0 2*0 


Uiirty-cight xxjr cent, of the patients who died 
were un vaccinated. 

If un vaccinated, generally 35 per cent, of 
those attacked die. 

If previously vaccinated, 1 9 per cent. die. 

If vaccinated with no mark, 23 „ „ „ 

If vaccinated with 1 mark, 7 „ 

If vaccinated with 2 marks, 4 „ 

If vaccinated with 3 marks, 1*5 „ 

If vaccinated with 4 marks, T) , 

If vaccination were now stopped, smallpox 
would at once become a very fatal disease, being 
new. At Sheffield, four out of five hod it, and 
two out of five died when there was no vaccina- 
tion. Smallpox cost the rates from £7 to £11 
a case ; 5,000 cases cost £43,3fK) in three months. 
In 1,572 oases, 30 per cent, of the un vaccinated 
died, and only 3*5 of those vaccinated. 

Before vaccination, the deaths from smallpox 
were 3,000 per million, now they are 175. At 
Sheffield, the proportion of deallis among 
children under ten who were un vaccinated 
was 480 to 1 . 

Inoculation (now discontinued) consisted in 
injecting a diluted smallpox into the body, and 
with vaccination (cowpox) this is in time to take 
effect, even if smallpox is in the system, for 
hydrophobia and smallpox incubate t>velve days, 
and cowpox only eight days; therefore, if small- 
pox be “ caught ” on Sunday, vaccination on 
Tuesday would bo effectual. In mild outbreaks, 
the germ may have become weakened by pass- 
ing through persons of slight susceptibility. 

Typhoid. The mortality in cases of typhoid 
u^d to 1)0 33 per cent. ; now, about 17 per cent, 
die in the third week. Children suffer less than 
adults. There is first about 14 daj^s of ordinary 
diairhcea, and then the fever and disease set in. 
Patients die of perforation, exhaustion, and slow 
bronchitis. Forty thousand have died in this 
country in one year, and it is still one of the 
greatest scourges in the Army. Our precautions 
against it were very unsuccessful in the Boer 
War, and compare unfavourably in every way 
'Svith those of the Japanese Army in the late war. 
Good nursing is of the utmost importance, but 
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prevention is easier than cure. T^’-phoid is due 
to a special germ. There is a similar disease in 
cows, conveyed by milk. 

An outbreak took place in Worthing through 
leakage from an infected sewer of suV^oil water 
into a well through a fissure. Another outbreak 
arose from drinldng herb beer made in a room 
where a patient hod Iain. The infection is from the 
excreta. The germ does not live long in sewage, 
nor in rain water ; but if nitrites are formed by 
filtration through the soil, etc., it can live on 
these for a long time. It abounds in shallow 
wells. 

The general health rate in towns is really 
determined by the death-rate from typhoid. ()f 
49 rats inoculated with typhoid, and breathing 
sewer gas, 37 died ; of 49' rats inoculated, and 
breathing pure air, 3 died ; of 72 guinea-pigs 
inoculated, and breathing sewer gas, 57 died ; 
of 72 guinea-pigs inoculated, and breathing pure 
air, none died. 

Diphtheria. Diphtheria is conveyed 
through the air at short distances, and is most 
fatal to patients of from one to ten years, and 
especially lietween the ages of three and six. 
The incubation is one week. 

Infants are not exempt, and it attacks both 
sexes, rich and poor alike. It used to be most 
common in the country ; it is now most common 
in the town. It began 60 years ago, and is most 
frequent in winter. It is endemic in Paris and 
Florence. Diphtheria is due to a specific germ. 
Darkness, dampness, dirt, ash-pits, appear to 
favour it, but it is doubtful if it comes from 
drains. It is caught often by kissing, and is 
common after scarlet fever ; there is also an 
hereditary tendency. 

Where membrane forms, one-third of those 
attacked used to die before the anti-toxin was 
used; but the mortality is now much reduced, for 
protection by anti-toxin is very great, and may 
reach immunity. In malignant cases patients 
may die in twenty -four hours. The poison lurks 
about for weeks afterwards, so that patients 
must be strictly isolated till all membrane is 
gone. Ten per cent, of those attacked have 
slight paralysis after. Cats can take diphtheria, 
and cows can transmit a similar disease by milk, 
not by water. Anti-toxin is got from horses 
kept near Harrow, which, by rc|>eated injections 
of doses of diphtheritic poison of increasing 
strength, develop in the serum of their blood so 
much anti-toxin against diphtheria that they are 
used as storehouses for it. Tliey are in perfect 
health and do nothing, but are occasionally 
blistered, when a small amount of the fluid is 
drawn off and used. The writer has seen a little 
girl with her throat and nose filled with thick, 
white membrane, and a short time after injecting 
the anti-toxin ho has seen it melt away like 
snow before the sun, and the child, who would 
have died, recover. 

Measles. In measles, the rash appears on 
the fourth day, and often attacks eyes and ears, 
and leaves deafness. In adult life it is a serious 
disease. Bleick ” measles are dangerous. In 
countries where it is rare, it is very fatal, but 
in England we ore hardened against it. The 
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infectioufl germ is largely carried in the air by 
sneezing and coughing, also by clothes ; but 
not by water, milk, or animals. 

Whooping-cough. Whooping-cough is the 
most fatal disease for children under five, and is 
infectious for six weeks. 

ChicKen - pox. Chicken-pox is usually 
mild. Fresh crops of spots continue to come out 
for six days. Incubation lasts fourteen days. 

Scarlet Fever. Swirlet fever is most 
common in children under three. Infection is 
caught by the breath, or, in the later stages, by 
bits of infectious skin. The fever can be con- 
veyed by milk from a similar disease in a cow, 
but is not conveyed by water, or carried far by 
air currents. Many escape altogether ; it is 
therefore well to protect young children. Over 
three, they are less susceptible, and it is less 
dangerous. It is most prevalent in autumn. 
The incubation is under a week. 

Typhus. Typhus is nearly extinct in Eng- 
land. It is carried by the air short distaneas, and 
about 18 per cent, of cases are fatal. 

The present (lowest) morlality from these 
diseases per 1,000 per annum is as follows ; 

Diphtheria . . ’1 Whooping-cough *0 

Typhoid . . . , *2 Diarrlnca . . . . *0 

Measles . . . . *3 Measles . . . . *6 


Scarlet fever . . *4 Phthisis . . ..1*3 


Any death-rate from these diseases which 
exceeds this should be inquired into at once. 

Influenza. Influenza, or the “influence 
of the stars or weather,” is due to a “ dumb- 
bell ” bacillus. It is an infectious, coni^xgious 
disease in the air carried from person to person. 
The incubation is from two to seven days, and 
j>eople remain infected one week after the symp- 
toms go. The earliest recorded outbreak occurred 
as early as the year 887 ; more recent ones in 
1803, 1833, 1837, 1847, 1889, 1891, and since. 
It occurs at all seasons, and attacks nearly all 
Europe at once (pandemic). It can travel in 
one night from Moscow to Vienna. 

There are four varieties known — digestive, 
respiratory, locomot/or, and nervous. In 1890, 
28,000 died, which shows what an enormous 
number must have been sick, for the writer has 
seen hundre^ds affected, but not one who has 
died. It caused the death-rate to rise to 46 from 
18. It has one-third of the incubation of small- 
pox ; hence, while 10 people are getting small- 
pox, 1,000 may get influenza. There is no rash, 
and it is not easily recognised, and it attacks 
adults freely, because so few arc protected. It 
is like a common cold, but much more severe, 
and therefore difficult to isolate. One attack, 
unfortunately, gives but little p^ot(^ction. 


Isolation should be practised when old people 
are exposed to it, ana when it is the first cose 
in a now locality. Where it rages large gatherings 
should be forbidden. All prophylactics, such as 
camphor, oranges, or drugs, arc useless. It is of 
the first importance to be in generally good 
health when attacked, and there should be no 
exposure to cold till recovery is complete. The 
nervous variety often leaves the mind disturbed, 
while the respiratory is often accompanied by 
severe, and sometimes fatal, pneumonia. The 
digestive and locomotor varieties are less 
dangerous. 

Influenza is supposed to have originated in 
Eastern China. 

Erysipelas. The mortality of this disease, 
like scarlet fever, is in inverse ratio to the rain- 
fall, for damp cheeks perspiration, which is so 
conducive to recovery. It always entefrs through 
some wound ; the germ cannot penetrate the 
healthy skin. 

Epidemic Infantile Diarrhoea. This 
is endemic in Preston and I.<eicestcr. When 
the temperature 5 ft. below the surface is 56^, 
the germs rise, and infection begins. In the tii*st 
quarter of a year in I^eicester there were 27 
deaths from it ; in the second there were 20 ; 
in the third (during July, August, and Sep- 
tember) there were 925 ; in the fourth, 44, 
showing that it is only in certain seasons that it 
rages. It abounds in looser, porous, foul, damp, 
and “ made ” soils. 

The temperature at 4 ft. below the surface 
determines the activity of the germ, which is 
increased by stagnant air and bad food, and is 
most common in poverty, dirt, darkness, and 
crowded localities. 

Less Common Diseases. Continued 
Fever is a name given to mild forms of some 
of the specific diseases. Yellow fever appears in 
the West Indies, Mexico, Brazil, West Africa. 
The incubation is from one five days, and lasts 
from two to three weeks. Relapsing fever is due 
to a spiral bacteria. There is a sudden onset 
and sweating for seven days ; then, after anotlier 
seven days, this is repeated. It is common 
where there is overcrowding and want of food. 
Anthrax and Woolsorters’ Disease and Splenic 
Fever are closely allied diseases taken from sheep 
and cattle. Glanders, or farcy, is a nasal dis- 
charge, with gland swellings, common in horses, 
but rare in man. Tetanus, or lockjaw, is a 
disease of garden soils, whore the germ swarms. 
It is not infectious, and arises from fouling 
some wound (a cut finger, for instance) with the 
soil ; hence it is commonly “ taken ” through 
the hands and feet. 


Health concluded; followed by Ill-hbalth 
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therefore, expect to find that heat other than that 
of steam would do similar work, and such, in fact, 
is the case. In fact, from the theoretical point of 
view, the vehicle utilised may be ignored entirely — 
ike Jteat is the essential thing. For Carnot has shown 
tho.t if any two temperatures are chosen, a higher 
and a lower, the efficiency of an engine working 
between those tem]>ernturf?s depends on the differ- 
ence in temperatures, and not at all on the substance 
employed. All reversible engines, therefore, which 
fulfil this condition have theoretically the same 
efticiency, irres^wetive of the working substance 
which is the agent of temperature changes. Hot 
air, coal gas, blast furnace gas, ])roducor gas, the 
va})our of ^xitroleuin, arc all used to a very large 
extent, and their resulting action is the same as that 
of steam, though the method of their utilisation is 
not precisely the same. Into the relative economies 
of these we need not enter here. It is sufficient to 
have established the fact that the steam engine is 
simply a heat engine, for which steam is just a very 
convenient vehicle. Actually, there are excellent 
reasons why some agents are less suitable than 
others ; why heab‘d atmospheric air, for example, 
is vastly less useful under practical conditions than 
the vay>our of water or the hydrocarbons ]>roduced 
by the combustion of coal or oils. 

How to Utilise the Heat of Steam, 

Tlic first practical ptunt which arises relab^s to the 
nature of the vessel in which temperature reduction 
is to be accomplished with economy. It may con- 
sist of one or more vessels. The most familiar type 
is the cylinder of the steam engine. But a single 
cylinder is a crude form, because the range of 
temperature possible in one cylinder is not extensive 
enough to permit the highest range of expansion 
which is either desirable or yiossible when the range 
is divided between two cylinders {cotnimind), three 
(triple expansion)^ or four cylinders (quadruple 
expanMon). The point, therefore, is that the object 
sought, in order to ensure high efficiency, is to bring 
the steam (the heat carrier) into the first cylinder 
at as high a temperature as is practicable, and to 
cjiuse it to escafK? (exhaust) finally at the lowest 
temperature that is practically possible. Stated 
in this way, the problem does not strike one as being 
very difficult, yet in the growing ay)y)roximations 
thereto lies much of the history of the steam engine 
for the y)ast 1 5() years. 

The Meaning of Expansion. The term 
expansimi has becu employed. The fact which it 
cxyiresses is inscyiarably associated with pressure 
and temperature. From the y)resent y>oint of view 
it is a yu’ 0 |)erty y)osscs8ed only by gaseous fluids. 
Solids and liquids exymnd slightly, but not in the 
same sense that gases do. Thus, a vessel may be half- 
filled with a liquid ; this will not exy)and suffici- 
ently to fill the vessel, but raise its temy)erature 
sufficiently to convert it into a gas, and the gas will 
exy)and and fill the vessel, or another many hundreds 
of times larger. In the transition from the liquid 
to the gaseous state, it- has received hent and 
oxy)and(ia ; and if it is caused to resume the liquid 
state by condensation, it. will in doing so yield up 
that heat and shrink back to its former dimensions. 
A gas (Jannot be retained and made to do useful work 
by its exymnsion in an oyien vessel, but only in one 
that is closed and rendered impervious to the passage 
of the gas. Without this capacity for expansion, the 
heat absorbed by a gas in passing into the gaseous 
state would be of no value in the engine. A red-hot 
mass of metal would be useless as a vehicle of heat 
energy, because it would be incapable of expansion, 
and without expansion pressure would not result. 
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The force exercised by an exy^anding gas is 
termed its elastic force, and this is the equivalent 
of heat- energy. Hence we say that the elastic force 
of steam is an invariable quantity at a given 
pressure and temyrerature. With increase in 
these, elastic force increases, and consequently 
the y)ower exerted. So, therefore, by increasing 
pressure and tempe^rature of steam in a vessed 
(the cylinder) the yiower of the engine can be multi- 
ydied without ineieasing its dimensions, which fact 
exydains why small engines now give out much 
more power than large ones formerly did. 

We arrive, then, at the fact that in any heat 
engine the work done is proportional to pressure 
and ternywrature, and that the engine docs work by 
reason of the energy manifested as heat, whiek 
produces exyjansion of the heated gas, its vehicle. 
Pursuing the subject into another stage, let us see 
what goes on in an engine cylinder to which steam 
has been admitted. 

The Way in which Expansion Takes 
Place. The pressure of the expanding .steam 
operates against the face of a piston which is free 
to move along the cylinder, and which is connected 
by its rod to the rotational mechanism of the engine. 
If now steam is admitted at one end of the cylinder, 
it pushes the y)iston to the other end. And in order 
to do so the steam may be admitted os long as 
the y^istfm is moving — that is, throughout its entire 
stroke. This was the old way, which was extremely 
wasteful of steam, because its expansive force was 
not proy^erly utilised. But the steam supply may 
alternatively be CMt off at a definite stage, ns at 
onc-quarfer, one-third, one-half, three-quarters, 
or seven -eighths of the stroke. This is the modern 
method, in which the steam is made to do work 
during the remainder of the stroke by virtue of 
its expansive energy [Ij. Or, further, the st(vuij, 
ymrtly expanded in one cylinder, may he exhausted 
into a second cylinder to move a piston there by 
its exy)ansive force, and thence into a third cylinder 
to move its piston similarly, as in the corny>oiind 
exy>an8ion engines. 


The Curve of Expansion. But considering 
simply what goes on in a single cylimler, wc know 
that, according to Boyle's law, the y>re8sure of a gas 
in exymnding (under a constant teiny^rature) varies 
inversely as the Hf)ace which it occupies. Though 

steam (un- 
less suy>er- 
licated) is 
not a y)erfect 
gas, yet for 
the y)re.sent 
ymrpose it 
may be re- 
garded as 
such. If, 
therefore, 
steam is ad- 
mitted into 
a cylinder 
during, say, 
a fourth of 
the stroke, 
and then cut 
off, the 
curve of 

pressures will be a falling one, as in 1. The average of 
all the ordinates measured in the diagram of work will 
be the average prea.sure exerted during the stroke. 
In other words, tne area of the space endosed by the 
straight and curved lines shows the amount of work 
done by the steam during each stroke of the piston. 
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The curve of expansion in an engine cylinder 
does not fulfil Boyle's law, for then it would, bo an 
isothermal one, or one of equal temiKsrature, which 
is impossible, ^inoe a portion of the heat in the 
gas in expanding becomes converted into median ical 
work, the temperature of the gas must fall, for that, 
as we have seen, is an essential condition of con- 
vertibility. But supposing .that fresh heat were 
applied to the steam during its expansion, sufficient 
to compensate for the heat lost as work, then Boyle's 
law would hold good, and the curve of expansion 
would be an ifiothermal one. An approximation to 
this is secured by the steam-jackei — the casing of 
hot steam which sunounds most engine cylinders. 
This represents the best condition for general 
practice. Sufficient heat is imparted thus during 
expansion to prevent liquefaction of the steam 
that would otherwise result from the rapid yielding 
up of its heat. The question of very high pressures 
jind suiierheating opens up other problems, which 
may bo deferred to a later stage. 

The Engine Compared with a Gun. 
Should there be an initial difficulty in realising the 
elastic force of steam that is bottled up in a cylinder 
behind a piston free to move, tlie subject may be 
apprehended better from another point of view. If 
for the cylinder a gun, a charge of gunpowder, and 
a projectile are substituted, wc shall see analogies 
between the two. The ignition of the gunpowder 
generates an immense volume of hot gas, the ex- 
))ansion of which, accompanied by pressure, diives 
out the projectile with much initial energy. The 
parallel between the gun and the engine cylinder 
is absolutely complete in its essentials, notwith- 
standing that the action of the gunpowder is 
more energetic and rapid than that of the steam. 
The fact that the steam is produced in a separate 
generator (the boiler) and the gas is generated 
within the gun is a matter of detail only. Actually, 
in the gas engines and petrol engines the explosive 
gas is generated within the cylinder, hence the term 
iiilemm combustion engines applied to those great 
groups. But the gun is as truly an internal combus- 
tion engine as the gas and petrol motors arc. 

Early Engines. Having briefly explained 
the nature of the jKjwer behind the engine, the re- 
mainder of this article may be occupied with a 
rapid survey of the epoch-making developments in 
the history of this groii]» of prime movers. 

It is a curious fact that the first engines were not 
steam engines. To us it seems now so very natural 
to utilise steam in certain fashions in the engine 
that these methods seem almost self-evident. But 
the accomplishment of this is the outcome of as 
remarkable a story in the history of invention as any 
in the annals of engineering. 

Atmospheric Engines. The first engines, 
then called fire engines, were not driven by steam at 
all, but by the weight of the atmosphere. The steam 
was used only because it could be condensed from 
atmospheric pressure, leaving a moderate vacuum. 
Pai)in^s engine consisted essentially of a cylinder of 
metal with an air-tight piston fitting easily therein. 
The |x>wer given out by the engine was developed 
by the descent of the piston. The piston descended 
by gravity, and the conditions necessary for descent 
were fulfilled by the production of a vacuum 
underneath the piston. Bpt herein lay the imprac- 
ticable element in Papin's machine. The fire that 
generated the steam was underneath the metal 
plate that formed the base of the cylinder, and in 
order to condense the steam, so that the piston 
might descend, it was necessary {o take the fire 
away from the plate and to let the cylinder cool. 
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Then, after the descent was accoinx)lmhed, fresh 
steam W'as generated, and a counterbalancing 
weight lifted the piston to its original |K)sition. 

^vortholess, this embodied the iirst germ of the 
condensing steam engine, but so utterly impractic- 
able in character that it must have perished in its 
birth if practical mechanics had not taken it in hand. 

Newcomen** Engines. Newcomen and 
Cawley took up this engine in 1705 — after a lapse 
of 15 years — and, still effecting the descent of the 
piston by atmosxiheric pressure and its ascent 
oy a counterpoise, they adopted the more simple 
and speedy method of refrigerating the steam by 
introducing cold water round a space contained 
between the outer surface of the steam cylinder and 
the inner surface of an enveloping cylinder. Still, 
this was a slow process, and, though a very great 
step in advance, would have been insufficient to 
bring the engine into general use. But luckily, 
through want of suitable tools, the cylinder could 
not be bored, and the piston therefore could not l>o 
made steam-tight. As a clumsy remedy, a stratum 
of water was kept above the piston to fill np the 
0 |)on spaces between its circumference and the sides 
of the cylinder. One of these pistons was observed 
accidentally to be travelling more rapidly than usual, 
and on examining into the cause of this increase of 
sfieed it was found that water was droi)ping down 
the badly-fitted sides and condensing the steam 
underneath. The hint was taken, and water hence- 
forth was thrown into the cylinder instead of 
around it. 

Newcomen’s pumi)mg engines wore all driven by 
the pressure of the atmo8x>hore upon the upper side 
of a piston in a cylinder open at the top. A sub- 
stantial improvement in these was made in prodiu*- 
ing the steam in a vessel or lx)ilcr away from the 
cylinder, and leading it thence to the latter tlirough 
a ffipe. Time, of course, was savetl thereby, but the 
steam had still to be condensed within the cylinder 
after having done ite work, in order that the 
pressure of the atmosphere might oxKjrate above 
the piston against the vacuum formed beneath. 
The atmosphere pressure amounted, of course, to 
a considerable total over the area of a f>iston of 
several feet in diameter, and all these engines were 
therefore of very large bore. But as it was necessary 
to get rid of the conn t(T- pressure of the atmosphere 
against the lower side of the piston, steam was used 
as a convenient method of producing a vacuum there. 
In o|)erating those engines steam was first intro- 
duced below the piston, displacing the atmosphere, 
and then condensed by a sjiray of cold water. The 
piston was then pushed down by atmospheric 
pressure opposed to a vacuum. The x)i8ton-rod 
was attached by a chain to one end of a pivoted 
beam. A chain at the other end lifted the rod of 
the mine pump. When the stroke was completed, 
the weight of the pump-rod, made sufficiently heavy 
to counterbalance the weight of the piston, pulled 
the latter up to the toj) of the cylinder, at the 
.same time that steam was being admitted below 
the piston. Several of these venerable “ fire engines ” 
remain in existence to-day, and some are still in 
operation. 

Watt** Invention*. Crude, and even 
comical, though the arrangements of the New- 
comen engine ap|>ear to us, it was the only 
workable type in use until 1769. One of the 
oldest of these has been in service at Bedminstor, 
Bristol, nearly until tbe present time. It was in 
operation in 1900, and was attended to by a 
man whose father and grandfather lived and died 
in the service of the same engine. The only 
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interest whicli these engines possess now is that 
tliey were tho primitive types with whieh Watt 
was familiar, and the repair of a motlel of which 
for Glasgow University — still preserved — led to 
those researches and inventions by which he 
designed in nearly all its essentials the modern type 
of steam engine. The old style of cylinder, with 
its axis vertical, and the heain were retained ; 
and the functions of the Watt engines were re- 
stricted mainly to that of pumping water from 
mines, thus following the Newcomen engines. 

The Separate Condenser. The great 
and crowning glory of the inventive genius of Watt 
consisted in an improvement which it is difficult 
for us in the present day to appreciate fully. It 
was one of those apparently very trifling improve- 
ments which have been fraught with immense 
consequences. It consisted merely in condensing 
the steam in a vessel away from the cylinder. 
Watt invented much more, improved in many 
other ways, but that is the bottom fact in his life’s 
work. So simple was it tliat his patent was 
attacked and infringed because of its simplicity, 
yet so rich in results that it became the basis of 
wealth to Watt and his ])artner Boulton, and to 
many others beside. It gave the death-blow to 
the old water-wheels and windmills, became a 
powerful factor in tlie extinction of the domestic 
system of manufacture, and in the enormous growth 
of the factory system, and renderexl steam naviga- 
tion possible. Yet it was merely a vessel for con- 
densation, separate from the cylinder, nothing 
more. 

In the words of the historic patent of *Tanuary 
r»th, 1700, “ In engines that are to be worked wholly 
or partiallv by condensation of steam, the steam is 
to DC condensed in vessels distinct from the steam 
vessels or cylinders, although occa.sionnlly eom- 
munioating with them ; these vessels I call ‘ Con- 
densers.’ ” Men’s minds run in grooves, out of 
which only the genius of the great inventors lead 
them. For a century men had condensed the steam 
within the cylinder, and only after years of w<*aring 
thought and frightful headaches did Watt evolve 
the idea of the separate condenser, and he tells in 
one of his letters now the idea came to him while 
walking one vSimday on the Green .of Glasgow. It 
seems now almost incredible that ])revious to this 
more than three-fourths of the steam generated 
was wasted in condensation in the cylinders, 
for which there was no remedy until the idea of 
feepnrate condensation dashed across the mind 
of Watt. Condensers are used for all engines 
except those of tho locomotive type, and some of 
the smaller high pressure kinds, jet condensers 
in many oases, and surface or tubular condensers- 
for marine engines. 

The First Steam Engine. Watt also 
made tho first steam engine when he employed 
the elastic force of steam in place of that of the 
atmosphere to push the piston dowh, still, however, 
creating a vacuum below it by tho condensation 
of steam. This was Watt’s Ainglc-acthig engine. 
Afterwards (1784) he made tho first douhh-acthig 
engine, by employing steam pressure alternately 
on each side of the piston, creatihg at ihe same 
time a vacuum on the side opposite to that against 
which the pressure was exercised. Thus, the extra 
weight on one end of the beam required to raise 
tho piston up was abandoned. 

The Steam Jacket. Watt applied the first 
steam jacket, for he clearly understood that the 
“ steam vessel ” (the cylinder) must be kept as 
hot as the steam that enters it, by enclosing it in 
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non-oondiuding materials, or by surrounding it 
with steam, or by not allowing water or any other 
substance colder than steam to enter or come in 
contact with it. Tho way to do it was by no 
means apparent at once. One curious attempt 
was tho following : He observed by exjieriments 
with a small model that the cylinder condensation 
was greater than in on actual engine, and that 
suggested to him the making of cylinders of bad 
conduction, wood for example. He made one, 
therefore, in wood, with a fi-in. bore, and 12-in. 
stroke, soaked in linseed oil, and baked. This did 
not answer to his liking. 

Other Improvements. He also applied 
tho air-pump to draw out any air ])rescnt in the 
condenser, and which would ini])cde the working 
of the engine. He cut off tlie steam at part stroke, 
causing it to work expansively, and took indicator 

diagrams. Figure 2 
is a diagram which 
formed a portion of 
Watt’s patent of 
1782, in which the 
expansive action of 
steam is illustrated. 
The descri])tion is too 
lengthy for (piota- 
tion, but the diagram 
shows that steam at 
atmospheric ] pressure 
is admitted to the 
upper side of the 
}nst on for a lengt h of 
2 ft. to the point A, 
in a cylinder 8 ft. in 
length, and then cut 
off. Tlie figures in 
the curve of expan- 
sion represent the 
gradually diminish- 
ing prossiir(‘ of the 
steam until it reaches 
the point of ex- 
liaustion at 20, where 
it is one-fourth of the 
initial pressure. The 
jacket around tho 
cylinder will be 

2. PRESSURE OP STEAM noticed, and also 
IN A CYUNDBR general arrange- 

ments of inlet and 
exhaust passages, covers, stuffing-box, piston, with 
its junk ring, all of which look odd by comparison 
with pifsent practice. 

. He effected improvements in the automatic 
working of valves, applied parallel motions in 
])lacc of the chain at the arch head of the old beams, 
invented the “ centrifugal regulator,” or governor, 
used oils in place of water for lubrication, and 
designed glands and stuffing-boxes, all of which 
are embo<lied and vastly developed in present-day 
practice. 

The First Rotative Engine. But uf) to 

1781 no Watt engine had been made rotative. 
There was reciprocating motion only; the piston, 
moving downwards, dragged the pump-rod up- 
wards, and vice vers A Of course, the crank was 
known, being as old as the lathe, but its application 
to the steam engine hod already been patented, 
and so when Watt desired to make rotative engines 
he devised the famous 8U7i and planet motion [8]. 
This was one only out of half a dozen devices 
with the same object which were born in his in- 
ventive mind. He would have used the crank, 
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but that his rival Homblowcr ha<i patented itK 
application to steam engines. The sun and planet 
motion is only a mechanical curiosity now. But 
it must be remembered that before the time of 
VV^att the necessity for rotative engines had not 
arisen. Almost all the old engines were used for 
jmmping water out of mines : the long rods, or 
spears^ were jnst attached directly to one end of the 
great beam, and partook of its up and down motion. 

It was in 17^1 that Watt took out the fSatent for 
converting the reciprocating into rotary motion to 
the wheels of mills or other machines by means of 
the sun and })lanet motion, an ingenious device 
long since siqwsoded by the 
crank. An engine fitted thus 
[3] is at South Kensington. 

The ])lace of the pump rod at 
the end of the beam was 
taken by a connecting rod, 

A, at the lower end of which 
a cog-wheel. B (the planet 
wheel), was fixed, so tliat it 
could not turn. Its teeth en- 
gaged with those of another 
w'hcel, C, a sun wheel, fixed 
on the shaft of the wheel I), 
free to rotate and made to 
rotate by the movement of 
the planet wheel around it. 

A ])in, a, projecting from the 
back of the planet w heel, and 
guided by a gi’oove in D 
maintained the toothed 
wheels in <*oiilact. Later 
eamo the crank as we now 
know it, and with this last 
improvement Watt left the 
beam engine essentially ns it 
exists to-day. Watt and his 
])artner Boulton made engines 
for the mines, and for flour mills, an I founded th ‘ 
Soho w'orks near Birmingham, which, remodelled, 
still remain in cxistenee. 

The Oldest Steam Engine in the 
World. This [4*1 IS one of the first tw^o con- 
structed by James Watt, in 177fi. It remained in 
regular service from that ]>eriod till 1898, a i>eriod 
of 122 years. It was 
built to the order of the 
Birmingham Canal Navi- 
gations, and w^as removed 
in 1898 and re-erected at 
the Ockcr Hill Pum})ing 
Station, to be preserv^ed 
ns a priceless relic of early 
engineering. The cylinder 
of this engine is ;}2 in. 
diameter, and the piston 
lias a stroke of 8 ft. It has 
the old arch head, and 
chains at each end of a 
w'ooden beam, and ante- 
" dates Watt's famous in- 
vention of the sun and 
planet motion, the parallel 
motion, and the governor. 

This venerable relie must 
have been familiar not 
only to W'att and his 
pirtner Boulton, but to bis great contemporaries. 
Bennie, Telford, Smeaton, and Murdoch. An 
interesting incident is, that when this engine w^^as 
superannuated in 1898, the Birmingham Canal 
Navigations gave the order for the new engine to 




4 . THE OLDEST STEAM ENOIXE IN THE WORLD 


tike its ]>lace to the firm James Watt & Co., of 
Soho, the successors to the original firm, who began 
business in 1774. These new engines, erected 
at the Walsall pumping station are up-to-date in 
all respects, arc of vertical type, triple expansion, 
of 240-horge power, and have a pumping capacity of 
12,713,()00 gallons per day. Over 500 pumping 
stations have been supplied with engines from 
Soho. 

Watt Engines and Modern Engines. 

The engine as James Watt left it, though deemed 
a giant at that period, was nevertheless an over- 
grow'ii, heavy weakling, clumsy in its movements, 
and terribly wasteful in its 
steam consumption. Com- 
paring the engines of to-day 
w'ith the best of a hundred 
years ago, wy* find that from 
six to eight times the quantity 
of coal which is burnt now 
would have to be burnt if the 
old engines had survived. The 
annual coal bill for large mill 
engines, railway locomotives, 
and marine engines now runs 
into enormous figures. If 
these sums had to be luiilti- 
])lied by from six to eight 
times, the cost would bo 
prohibitive, and the economic 
reactions on soi'iety would l)e 
diflieiilt to forecast. 

Readers will be able to 
appnHuate the following 
eom])arisons between the old 
engines and those which em- 
body tlie best designs to-day. 

The i^atriarchal engines 
often broke down, re<piired 
constant attendaiic-e, and 
though so lua.ssive, they suffered from constitutional 
weakness ; they were asthmatic, wheezy, uncertain 
in action, huge giants who, consuming vast quantities 
of coal and water, gave little in return. In May, 
1775, Mr. Boulton wrote to ilames AVatt about a 
new engine which the firm were building: “The 
engine goes marvellously had. ft made eight 
strokes }K*r minute, but 
upon Joseph’s endeavour- 
ing to mend >t, it stood 
still. Nor do I at present 
see sufficient cause for its 
dulness,” In 1782, Watt, 
writing of a ( ’ornish engine 
by H ornblow'cr, said : 
‘‘ When they have got a 
very strong steam it will 
make twmty-one strokes 
in three minutes, but then 
comes to rest, and must 
stand five minutes before 
it gets strength enough to 
make another stroke, 
and all the while they 
must fire away as hard as 
ever they can, otherwise 
it will not work at all.” 

Now thei-e are many 
engines to-day of which it 
js literally true that they might bo started and left 
to run for a year without being touched by the 
attendant. The engines of a liner continue working 
during the whole of the voyage from port to port. 
Engines for electric lighting continue in motion for 
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many months in succession. The fact that a loco- 
motive makes a iiin of from 10(> miles to 200 miles 
without a stoppage is considered marvellous. But 
that, though rather remarkable, is fairly eclipsed 
by some colliery engines, and engines employed iu 
electro-deposition, which arc stopped only once a 
year, while blast engines run for even longer 
l^eriods. 

£ngine Power. Vast power is exerted by 
the modern engines. A horse power is equivalent 
to the liftinp of 33,000 lb. 1 ft. high minute, 
or 1,980,000 lb. lifted 1 ft. high per hour. A 
SO-horse power engine was a giant a century ago. 
At the present time the myriads of spindles 
in the large cotton mills are driven by engines 
the power of which ranges from 1,000-horse 
]^owcr to 3,000-hor8e power, or even 4,000-hor8e 
power. One particular sot of engines of 3,000-horse 
Ipower in a mill in Bombay weighs 520 tons, the 
big rope driving-wheel, 124- tons. Eight boilers, 
>7 ft. 6 in. in diameter and 28 ft. long, are kept 
fconstantly going to supply steam to these gargan- 
tuan engines, at a pressure of 180 lb. per scpiare inch. 
They consume 24 tons of coal in the day’s work. 
Yet IJ lb. of coal yield a horse power for an hour. 
If these engine^ were so wasteful os those at the 
>>egihning of the century they would consume about 
160 tons in the day’s work. The engines of a 
liner such as the Campania do the work of 30,000 
horses. A Ipcjomotivc engine is a mite beside these, 
for its strength is only equal to 800 or 1,000 
horses. The firm of James Watt & Co., of Soho, 
were naturally the principal makers of marine 
engines during the .earlier period of their develop- 
ment. Though up to 1854 the firm had manufactured 
in all 319 marine engines of an aggregate 17,438 
nominal horse power, or 52,314 actual horse power, 
yet in the 79 years thus covered the total horse 
power was not equal to that of the combined 
engines of the Campania and Lucania, or of the 
engines of one of the new Cunarders, tlie Lusitania 
or the Mauritania. 

Moreover, at the end of the eighteenth century it 
was impossible to bore a cylinder true. No machine 
was in existence which would plane or shape or slot 
metal. There was no true master screw in existence. 
The elements of the self-acting lathe had only just 
been put on a practical basis by Maudslay. There 
was no method of measurement which was precise 
and reliable. 

The Boilers. But these tnily magnificent 
engines are, after all, only means for the utilisation 
of heat. Behind these are the essential boilers in 
whidh the necessary heat is generated in the form 
of gaseous steam. The history of the growth of the 
steam boiler is fully as interesting as that of the 
engines, though to the general reader it is a sealed 
book. Here are some loading facts. In the time of 
Watt the pressure of steam did not exceed from 
4 lb. to 6 lb. on the square inch, and there were 
no tubes for increasing the efficiency or heating 
surface. To-day, pressures of 60 lb. and 80 lb. are 
low. Locomotives are worked to 150 lb. and 100 lb., 
marine boilers to 180 lb. and 190 lb., while the 
water-tube boilers are worked easily to 250 lb. The 


early boilers were of cast iron, sheet iron, and even of 
wood. There are few boilers now which are not made 
of steel. 

At that time, Great Britain had accomplished 
little in the manufacture of wrought or bar iron. 
The fact now seems soarooly credible that during the 
period in which Watt had been improving the 
steam engine, and Hargreaves, Arkwright, Oomp- 
<on, and Cartwright inventing their wonderful 
machines, the country should have been dependent 
upon America, Eussia, and Sweden for bar iron. 
Not till 1784 had Henry Cort perfected the system 
of puddling and rolling for the production of 
malleable iron. Though nigh pressures were neces- 
sary fully to develop the power of the now motor, 
boilers could not be made to endure them. When the 
eighteenth century closed there were no Cornish or 
Lancashire boilers in existence, no multitubular 
marine, or “ Scotch ” boilers, no miiltitubular 
boilers of any kind working commercially, no boilers 
of steel, very few of wrought iron. The horizontal 
boiler of the egg-ended type was beginning to be 
built about l^S, previous to which the waggon 
boilers had l)een iis^. Those were the days of cast- 
iron boilers, and very low pressures. Power was 
secured by using large cylinders. Mechanical stoking, 
though patented, was as yet impracticable 

Without the multituhular boiler, neither the 
locomotive nor the ocean steamships could have 
been possible. Yet in spite of increased pressures, 
which, like high speeds, long alarmed timid people, 
the boiler to-aay is vastly safer than the weakling 
of the early half of the last century. The records of 
our well- cared -for locomotives anrl steamships show 
that the highest pressures are absolutely safe. In 
fact, an ex]3osion now can never be due to accident 
or to any mysterious cause. It is wholly preventable, 
and when it happens is due to neglect, and this is 
the proper view which the Commissioner to the 
Board of Trade enforces by fines. 

Later Developments. Meanwhile, n race 
of engineers had arisen, contemporaries and suc- 
cessors of Watt, whose work has left permanent 
results. The idea of using two cylinders, high and 
low pressures, for the expansion of steam was advo- 
cated by Hornblower in. 1781. Later, Woolf, and 
then McNaught, adopted the same principle, 
w'hence the modern com|)ound engine has develo]^d. 
The principle is commonly applied to land and 
marine engines, and now rather extensively to 
locomotives. Its highest development is in the 
marine engine. But not until 1869 did compound 
(two-cylinder) engines begin to displace single 
cylinder engines on the ocean liners of the Atlantic, 
nor triple expansion engines till 1884. 

The modifications made in the steam engine to 
qualify it for lywcial services will be illustrated in 
this course. They include the factory, and the 
high speed central station types ; the marine and 
locomotive, and the rotary engines, including the 
steam turbines. There are also the internal com- 
bustion engines, using gas of rarious kinds, and oil, 
in which great developments have been made during 
the last half-dozen years. Afterwards the generators, 
the boilers will be oonsiderecL 
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By Professor R. ELSEY SMITH 


r\RAWING is the chief medium through which 
^ the architect expresses his intentions, not 
only to his clients but to the contractors, and to 
the various tradesmen whose work it is one of his 
duties to direct and supervise. 

Instruction in the art of drawing is an 
important part of an architect’s education, and 
it is essential to his entire success in his pro- 
fession that this should be thorough and complete. 
In the early stages of this instruction the student 
must acquire a knowledge of the construction and 
use of scales, and a mastery over the instruments 
which are necessary to enable him to make draw- 
ings accurately to scale. 

Scales. The student is recommended to 
read carefully the introductory remarks upon 
Engineering Drawing on pages 2788 9, with 
reft‘rence to scales and instruments. For certain 
purposes, architects use a scale of in. — 1 ft., 
or full size ; the other scales in ordinary use 
are | in., J in., i in., 1 in., Ij^ in., or 3 in. = 1 ft. 
Occasionally other scales are used, such as 
in. or J in. — 1 ft., but they are less convenient. 
For laying down block plans of sites for sub- 
mitting to local authorities, a scale of in. — 1 ft, 
is often required, which is equivalent to 

so 
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2. SCALE OF FEET AND INCHES 

3 in. — 1 chain ; and for laying down plans of 
large estates in, and in, --- 1 ft. arc also used. 

Architects use both open divided scales and 
fully divided scales ; the latter are particularly 
serviceable in the case of scales of j in, — 1 ft. 
and upwards. It is of the utmost importance that 
n, scale should be divided with the greatest 
accuracy, as any irregularity will be reproduced 
in every drawing made with it. The scale is 
usually divided on both edges, and the same scale 
may be indicated on both, or two separate scales 
may be shown, such as J in. and J in. = 1 foot. 

Delineating Scales. It is very desir- 
able that every drawing, except those drawn full 
size, should have the scale to which they are 
made drawn upon them, and not merely described 
in words. This enables any dimension to bo 
read off, with the help of a pair of dividers. In 
contructing such a scale on paper, the boxwood 
or ivory scale maybe used for marking off on 
this paper the main divisions, but subdivisions 
should be redivided with a pair of spring bows 
to ensure accuracy. Such a scale is usually 
arranged as an open divided scale. A scale that 
is intended for reading long dimensions in feet 
should be divided so that the point 0 lies 


between the part of the scale divided into mul- 
tiples of a foot and the part divided into 
multiples of 10 ft [1] ; but it is sometimes drawn 
with the 0 at the extreme left hand of the scale, 
and the first 10 ft. only subdivided ; this 
leads to confusion in reading off dimensions, but 
would be correct if the scale were fully divided. 
In the same way, where a scale is required for 
reading feet and inches, the 0 should be plac(*d 
between the part of the scale divided into inches 
and the fiai’t divided into feet [2]. 

How to Make an Accurate Scale. 

Where dividers are used for setting out a scale 
on paper, it is not sufficiently accurate to st*t* 
the dividers so as to correspond with a single 
division on the standard scale, and set out the 
scale from this unit ; for if there is any error in 
taking off the dimension, this, which may be 
inappreciable in a single unit, may become 
serious if repeatedly multiplied. The whole 
length of the scale, or at least a long length, 
should be first marked on th® paper, and 
then subdivided. For example, if a scale 
of 4 in. to a foot to read 60 ft. is to be 
drawn, the length required for 50 ft., which is 
6J in., is accurately marked by means of a scale 
or rule, and is subdivided into 5 equal parts, 
and marked from 0 to ,50 ; an additional length 
equal to 1 part, which is 10 ft., is marked off to 
the left of the 0, and subdivided, into 10 parts, 
or feet. Even with the greatest care there may 
be a very trifling error between the exact length 
of successive feet, owing to irregularities on the 
paper and the thierkness of the dividing lines ; 
but such an error, if it exists, will not materially 
affect the accuracy of a long dimension. 

The Scale with Minute Divisione. 

Where the parts into whicli a scale is to be 
divided are so minute as to make it impracticable 
to indicate them side by side in a single line, 
a scale may he made by using several addi- 
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3. METHOD OP DIVIDING A SCALE MINUTELY 

tional parallel lines exactly equidistant [8]. The 
number employed must be selected so that it will 
exactly divide into the number of subdivisions 
required ; the quotient resulting from this divi- 
sion gives the number of parts into which the 
top and bottom lines are divided. Diagonal 
lines are drawn from one division in the top 
line to the next division in the bottom line 
intersecting the intermediate ones. 

As an example: If a line J in. in length is 
required to be divided into 30 subdivisions, 
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there would bo more than can be conveniently 
(Shown on a single line f 8]. If five additional lines 
be drawn — 6, and the top and bottom lines 
are subdivided into six equal parts, and the 
diagonals drawn, the first diagonal cuts the line a 
at a distance equal to 1 part from the end of 
the scale, the line 6 at a distance equal to 2 parts, 
c at 3 parts, d at 4 parts, ^ at 5 parts, so that any 
of these may he read off. In the same way, by 
using the correct line, any number of parts 
between 5 and 10, 10 and 15, and so on, may be 
scaled off. 

Beyond the preparation of drawings of a 
geometrical character to scale, the accomplished 
ft^chitoot must acquire facility in freehand 
drawing from the roimd, including some know- 
ledge of drawing from the human figure, and 
must also be acquainted with perspective draw- 
ing. These subjects have been already dealt 
with in previous article.^. 

Drawlng-boarda. For much architec- 
tural work drawings may be made on paper of 
imperial size and an imperial board is largely 
used, and is more liandy than the double- 
elephant size. Occasionally, for large plans, the 
size known as antiquarian, 53 in. by 31 in., is 
necessary, but it is unwieldy. The best boards 
are of pine, wdth mahogany battens at the back, 
secured by screws in slots, to prevent warping. 
One edge is provided with an ebony strip, against 
which the T-square works. 

T-squares are used to draw parallel horizontal 
lines across a board. They have a thick cross- 
piece forming the head, one side of which works 
against the edge of the drawing-board. In the 
Ixsst squares this edge is also formed of ebony. 
The blade is secured to the head by screws and 
ebony dowels, so as to be at right angles to it, 
and is long enough to extend the full width of 
the board. This also in the best T-squares, 
which are made of mahogany, has the working 
edge of ebony, but the cheaper form of T-squares 
are usually made wholly of pear-w^ood. 

Set«square9. Set-squares are triangles of 
which one angle is a right angle, and they are 
used for drawing parallel vertical lines ; the 
lower edge works upon the edge of the T-square, 
which is held firmly in position against the 
edge of the board. The upright edge of the set- 
square will always be truly vertical. The third 
side is inclined at an angle with the other two. 
The square is usually mode so that the angles 
between the inclined and vertical sides are each 
45°, or arc 60° and 30° respectively. Some- 
times squares are made to give angles of 
50° and 40°, and a square having angles of 63^° 
and 26i° is also serviceable. The latter is the 
angle of a quarter-pitch roof, and the former 
is the angle of the diagonal line, by which 
the height of the back portions of a building are 
regulat^ by the London Building Act, and the 
vertical side of such a square equals twice the 
length of its base. By shifting the position of 
the T-square, lines may be drawn parallel to each 
other with the assistance of a set-square, no 
matter what angle they make with the horizontal. 
Set-squares are made of thin, triangular pieces of 
pear-wood, vulcanite, or celluloid, with a hole 
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rforatod near their centre by which they may 
bung up. They ore also made in mahogany, 
not solid, but framed of three strips, the centre 
being open ; the edges of those are bevelled, 
and formed of ebony. 

Drawing Paper. Drawing paper may be 
obtained of various sizes, thickness, and quality 
for various purpo.se9. Cartridge paper of a 
buff colour and rather absorbent is used for 
details and preliminary and rough sketches, but 
cannot be relied on to take colour well nor to 
stand much hard wear. A thin, tough detail 
paper may be used in the same way. For 
drawings to be finished in pen and ink and 
colour and for all drawings in which much work 
is required, a better class of paper is required. 
For pen and ink work, Whatman’s “ hot-pressed” 
and Joynson’s “ smooth ” ore suitable, and for 
colour work, Whatman’s “ not hot-pressed ” and 
Jo 3 m 8 on ’8 “ cold pressed.” These papers are 
supplied in sheets imperial size 30 in. by 22 in. ; 
double elephant, 40 in. by 27 in. ; antiquarian, 
53 in. by 31 in. ; and in continuous rolls of 50 yd. 
long, 30 in., 40 in., 54 in., or 60 in. wide. Numerous 
other drawing papers are on the market. 

Tracing Paper and Tracing Cloth. 
Tracing paper may also be obtained in standard- 
sized sheets or in continuous rolls. Such paper, 
if it is to l)e used for working out pencil drawings, 
or if it is to be subjected to hard wear in a 
building or in a workshop, must be tough ; it 
must also be transparent, so as to allow of any 
drawing over which it is placed being readily 
discerned for tracing. This is also necessary if it 
is to be used as a negative for reproducing by 
a sun-copying process. 

Tracing cloth is mode from fine linen rendered 
transparent, and is tougher and more reliable 
than tracing paper, but, on the other hand, is 
less transparent, and if coloured is liable to 
shrink imevcnly. It has usually one side highly 
glazed, the other side dull. The latter is usually 
used for drawing upon, the former for colour. 
This cloth does not take either ink or colour very 
readily, and should be rubbed over with a little 
powdertnl chalk before drawing, which makes the 
ink take bettor ; the drawing should be tightly 
pinned to the board when colour is applied. A 
little ox-gall may be mixed with the colours. 

Pencils and Indian InK. Lead pencils 
are used in making all drawings. They vary 
much in intensity of blackness, the range from 
very hard to soft being H.H., H, F., 

H.B., B., B.B., B.B.B., but pencils marked 
with the same letters differ somewhat with 
different makers. Drawings to ^-in. scale and 
upwards are often finished in pencil, but drawings 
to a smaller scale are finished in Indian ink. 
This may be obtained in sticks, and is then 
rubbed up in a palette with a little water as 
required until quite black, or it may be obtained 
in a liquid form in bottles ready for use. It is 
important that the ink used should be quite 
black and opaque, especially if the drawing or 
tracing is to be reproduced so as to secure a 
good print. It is also important to secure an 
ink that, when once dried, will not wash up when 
colour is spread over it. 
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It is the general custom among architects to 
use a rather thick, bold line, but the scale of the 
drawing must to some extent regulate this. 
Lines must be well drawn, of even thickness, and 
carried well up to all angles, and in some styles of 
drawing they are run a little beyond the angles. 

Lines are sometimes formed by a series of dots, 
where the work indicated by the line is not in 
such a position that it would really show upon 
the drawing, but it is nevertheless desirable to 
represent it. Lines indicating dimensions may be 
shown by very fine or by dotted lines, or with 
red or blue ink, and drains are also often 
represented in red ink for soil drains, and him ink 
for rainwater drains. Brown ink is occasionally 
used for making drawings in place of black ink. 

Colouring Drawings. Most geometrical 
drawings are coloured conventionally — i.e., no 
attempt is made in colouring to represent the 
real appearance of the building, but the 
colours are used according to a definite scheme 
in which certain colours represent certain 
materials ; but drawings in elevation, especially 
if tho}^ are to be shown to the client, are often 
coloured to correspond as nearly as may be to 
th<^ colouring of the materials employed. 

The following schedule gives a list of 
several of the more important materials used 
in building, and the colours generally employed 
to represent them in elevation and in plan or 
section ; but while the colouring is conventional, 
there is still room for the exerciw* of a good 
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be made in elevation work to indicate the 
materials used except so far as this can be 
indicated by joint lines, and therefore notes as to 

materials 

must be 

/<£y FOR MATERIALS //V SECTtOff REPRtSERTCD jjQpj 

ous. This 
cmcRFTEmWmM method is 
moN rarely used 

4 . METHODS OF HATCHING Ordinary 

working 

drawings. Each drawing should have a key to 
explain the system used, as shown in 4 . 

Drawings must be cleaned before colouring, and 
unless the ink is quite fast, should be washed over 
with clean water and dried off with clean blotting 
paper. Large washes should lie laid on with a 
large brush full of colour, care being taken to 
see that an ample amount of colour is ready to 
complete the wash. Where two colours are com- 
bined to form a tint the mixed colour should bo 


constantly stirred to prevent them from separat- 
ing. If erasures have been made in tlic drawing, 
the colour will be soaked up and a dark patch 
formed ; this may be prevented by using a piece of 
clean blotting paj^r, with which the spot is lightly 
touched and the excess of colour taken up. 

Preliminary Sketches. In preparing 
a set of drawings for a building, especially 
if it is of a considerable size, it is usual to 


make the earliest sketches to a small scale, 
Aay ^ enables the general 

disposition to be worked out with 


Hrickwdrk built in Lijflit red, or Veiiotian Same colours used 

mortar red, or crimson lake, darker 

light, wash 

Brickwork built in Aa above Purple 

ecniciit 

Stone Yellow <jchre, pale or Indigo 

left white 

Wood (un wrought) Indian yellow, pah* .. Burnt sienna 

Wood (wrought) Sei>ia or Vandyke The same eohmrs, 

brown darker 

Plaster .. .. Yellow or green, piUe. . Blue-grey 

Cement, floors . . Grey The same colour, 

darker 

Ironwork .. .. Prussian blue, light .. The same colour, lark 

Concrete ., .. Payne's grey, light .. The same colour, Jark 

I.cadwork or zinework Bluish green . . The same, darke 


considerable accuracy, and makes the 
drawings more manageable than if 
they were drawn at once to a larger 
scale. A beginning is made with the 
plans, on which the accommodation 
reejuired must be arranged and re- 
arranged to secure convenience of 
access between the various parts, 
suitable aspects and compliance with 
the requirements of the client ; but 
from the first the effect of the plan 
upon the elevation must not be lost 
sight of, and these and the sections 
must be prepared before any final 


( Copper 
Slates 

Tiles 

Glass in windows 


Green 

Greenish grey 
Purplish red 
Grey or lami)blaek, 
light 


Orange 

The same colour, lark 
The same colour, dark 
111 details Hooker’s 
green 


settlement of the plan is made. It 
is very desirable also at an early 
stage to make at least a rough per- 
spective view of the proposed building, 


deal of taste in selecting the exact tints which 
are to be applied to any set of drawings. 

HatcEing on Black and White Draw- 
ings. Drawings that are to be reproduced 
in black and white, such as those illustrating 
this article, cannot be coloured, and where 
ihe main walla are uniformly of one material 
they may be blacked in solidly, or where two or 
more materials are used, these may be indicated 
by the use of lintching — that is to say, a series 
of parallel strokes close together, either uniform 
in quality but differing in direction, or varied in 
quality. Examples of these are shown in 4 , and 
their will be further illustrated in the succeed- 
ing article dealing with details. No variation can 


from which the grouping and arrange- 
ment of the masses may be judged. Wliere Such 
skeUih plans are prepared on paper, it is often 
desirable to keep a record on tracing paper of 
any arrangement of a plan or elevation that 
seems to give satisfactory results, even though it 
may seem desirable to seek for an alUumative one. 
It is useful for comparison and may contain 
some point which may be eml)odied in another 
scheme, or it may in some cases prove, after all, 
to be the best solution. 

The preliminary drawings may be carefully 
finished in pencil or ink, and coloured and sub- 
mitted to the client for consideration, and, when 
approved, possibly after being modified, they 
form the groundwork for the general drawings. 
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Ahould be ready to pass his examination in 
physics and chemistry. 

The second year is devoted to intermediate 
subjects — anatomy, physiology, and pharmacy. 

Though the study of anatomy and physiology 
begins during the first year, it is the second winter 
session which must be most seriously devoted to 
these important subjects, which are the very 
foundations of medical science. Usually there arc 
four lectures in anatomy and three in physiology 
to bo attended each week. »Six hours a week wifi 
have to be spent in the ]diysiological laboratory, 
and the remainder of the time (at least 18 hours) 
must be devoted to dissection. 

For this purpose the body is divided into five 
parts, each student being allotted a part in turn. 
A charge of 15s. is usually made for each. Mean- 
while he is learning from physiology (Starling’s 
“ Elements of Human Physiology.” Clmrchill. 
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12s. fid.) the way in which the healthy body does 
its work. He will then be able to appreciate those 
departures from healthy action which constitute 
disease. 

In the summer of the second year anatomy and 
physiology should bo revised and the study of 
drugs begun (Hale White’s ” Materia Medico.” 
Churchill. Ts. fid. Calvert’s ‘‘ Practical Pharmacy 
and Prescribing.” Lewis. 48. fid.). The energetic 
student may have found time to begin this during 
his first summer. In .lidy ho should pass his 
examination in anatomy and physiology, and 
also in pharmacy. 

The third, fourth and fifth years arc devoted 
to the final subjects — medicine, surgery, and 
midwifery. 

Study of Disease. Now, the practical 
study of disease begins. While attending lectures 


SCHEDULE OF EXAMINATIONS FOR THE MEDICAL PROFESSION 


Time and Place of Exam- 

SUBJECT''. OF Examination. 

Fees and Age Limits for 
Examinations. • 

illation. Examining Body. 

Subjects tliat are distinguished under different letters 

Diplomas and Degrees. 

may be passed separately. 

Por M.R.C.S., L.U.r.P. 

English. Including Grammar and Composition. 

£1 5s. 

Entrance. 

Latin. Including Grammar, translation from Latin into 


COLLEGK OF PRECEPTOUS. 

Colleges of Piiysiciaks 

English, and from English into Latin. 

Mathematics, comprising Arithmetic, Algebra, np to 
easy Quadratic Equations. Geometry — the first three 
l><x>ks of Euclid, with easy deductions. 

Greek, or a modern language. 

(The following examination certificates arc accepted in 
lieu of this examination : 

University of J.oiiduii : Matriculation. 

UnivTirsity of Oxford : Respo'.islons, Moderations, or 
local examinations. 

University of Cambridge : Previous or Local Examina- 
tions. ) 


AND SUllGEONS. 



Jan., April, July, Oot,, 
Pirst examination. 



(a) f'licmistry ami Physics. 

£10 Ids. For re-examination, 


(6) Biology. 

£S 3s. for (a) ; £2 2s. for (ft). 

Second exaniiiiatioM. 

(ff) Anatomy and Physiology. 

£10 JOs, Forre-examitttion. 


(h) Pharmacy and Mat4»ria Medica. 

£6 fls. 

Tliird examination. 

(a) Midwifery, 

£21. For re-exainination. 

For p.Il.(\S. 

Royal college of 
Huhobons, 

May and Novenitx'r. 

(b) Surgery. 

(c) Medicine, Forensic Medicine, and Public Health. 

in (a), £3 3s. ; in (ft) or (c) £6 6s. 

Primary examination. 

Anatomy .'ind Physiology. 

j £5 5s. 

Final examination. 

Surgery. 

1 

1 £12 12s. On admission a 

i further fee of £13 13s. (re- 

1 dueed to £3 38. for those 

holding M.R.C.S. diploma). 

25 years 

For M.R.C.P. 

1 Medical .Vnatomy, PriiicipleH and Practice of Medicine, 

£0 68. for examination, £3f 14 b. 

Royal College of 

Principles of' Public Health, and Psychological 

on admission, reduced to 

Physicians. I 

1 Medicine, Translation from Latin, and either French, 

£10 lOs. for Licentiates. 

Every tlurce months. 

' German, or (treek. 


ForM.B., R.S. 

English, Elementary Mathemat.ies, Latin or Elemental ry 

£2 

University of London. 

Mechanics, or Elementary Physics, or Elementary 

16 years 

1. Matriculation. 

Chemistry, or Elementary Botany. Tw^o optional 


Jan., June, Sept. 

subjects, selected from Languages, History, Logic, 
Pliysleal and General Geography, Jfatural Sciences. 

£5 

1 2. Preliminary 

(a) Inorganic; Chemistry and Physics. 

Sciontifle. 

(b) Biology’'. 

(c) Organic Chemistry. 


Jan. and July. 

£10 

3. Intermediate. 

(a ) Anatomy and Physiology. 

Jan. and July. 

(b) Pharmacology. . 

£10 

4. Final. 

(a) Medicine, General Pathology, Forensic Medicine, 

Oct. and May. 

and Hygiene. 

For re-examination, £5. 

(b) Surgery’, Midwifery, and Biseases of Women, 

21 years 

M.D. 

One of the following subjects : Medicine, Pathology, ; 

£20 

Bee. and July. 

Mental Diseases, Midwifery and Diseases of Women, . 
state Medicine. 1 

25 years 

M.8. 

Surgery, Surgical Pathology and Anatomy, Operative 

£20 

Bee. and July. 

Surgery. 

25 years 
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on medic ino (Osier’s “ Principles and Practice of 
Medicine.” Appleton. 18s. net; or Taylor’s 
” Manual of the Practice of Medicine.” Churchill. 
10s.) and surgery (Walsham and Spencer’s “Theory 
and Practice of Surgery.” Churchill. 15s.) the 
student starts as a “dresser.” , Under the direction 
of his house surgeon he attends to the multitude of 
smaller accidents and surgical ailments with which 
the out-patient room is crowded. Later he attends 
in the same way to the more serious cases in 
the surgical wards, and assists in a minor capacity 
at operations. 

During this time he is attached to the service of 
one of the visiting surgeons, to whom he must make 
himself useful in every way he can. The student 
is usually allowed to select the “ chief ” under 
whom he will serve. A good chief teaches both by 
example and precept, is regular and systematic in 
his hospital work, and expects system and regularity 
in his dressers. The mental stimulus of a group of 
keen and inquiring students reacts on him, too, 
keeping him alert and progressive in his methods. 
To select an easy-going chief may be pleasant to the 
bizy student, but it is a fatal mistake. 

Six months to a year should l>e spent as a dresser, 
but not consecutively and not necessarily under 
the same chief. After the first three or six months 
of dressing, the student passes over to the medical 
wards, where he acts as a “ clinical clerk ” for one 
of the visiting physicians. Here he occupies a 
similar relationship to his chief as in the surgical 
wards. Each physician or surgeon appoints a 
recently qualified student his resident house 
physician or house surgeon, who is in charge of the 
cases between the visits of the chief. It is the 
ambition of every keen dresser and clerk so to 
j>crform his duties as to obtain this position later on. 

Midwifery. During his third summer session 
the student wifi begin the study of midwifery (Gala- 
bin’s “ Midwifery.’ Churchill. Ifis.) at lectures. 
When he has completed these, together with one term 
of dressing and clerking, he attends confinements. 
Most hospitals have a district where poor women 
are attended in their own homes. It is an excellent 
system for both sides — the student has his first 
real taste of responsibility and the patient gains the 
services of one well grounded in his duties, who is 
acting under the supervision of a resident medical 
officer, for whom he is bound to send in case of 
any complication. At least 20 cases must be attended 
by every student, and though this may be done more 
pleasantly, y>erhaps, at a lying-in hospital, the student 
escapes responsibility thereby and loses an insight 
into the lives of the very poor which is invaluable 
to every medical man. 

By this time the fourth year will have been entered. 
Of this three months should be spent in the depart- 
ment for the diseases of women (Herman’s “ Dis- 
eases of Women.” Cassell. 258.; Herman’s “ Difficult 
Labour.” Cassell. 128. fid.). A course of tutorial 
classes is also held, and after that the midwifery 
part of the Final Examination should be passed. 

Concurrently with all this the student will have 
his energies taxed by attendance at lectures on 
important branches, like forensic medicine, dealing 
with medico-legal questions (Husband’s “ Forensic 
Medicine.” Simpkin. lOs. fid.) ; public health 
(Whitelegge’s “Hygiene.” Cassell. 7s. fid.); and 
pathology (Green’s “ Pathology.” Renshaw. 
178.; Bowlby’s “Surgical Pathology.” Churchill. 
10s. fid.). Every year the importance of pathology 
— the study of the processes of disease and their 
effects on the bodily tissues — increases. The student 
must lose no opportunity of pract|||l work in 
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this department. He must assist in post-mortem 
examinations, he must study diseased tissues 
both in the museum and with the microscope ; 
he must learn to examine the blood and the com- 
moner microbes. No one who neglects pathology 
can aspire to be up-to-date as a medical man. 

Special Studies. The diseases of the eye 
(Swanzy’s “Ophthalmic Surgery.” Lewis. 128. fid.), 
the skin (Malcolm Morris’s Diseases of the Skin.” 
Cassell. IDs. fid. ), the throat and ear, and orthopsadic 
surgery will occupy the time until the fifth year has 
been fairly entered. A fever hospital must be 
entered for two months (fee, three guineas; for 
the higher examinations three months’ attendance 
is required — foe four guineas). 

The student must also acquire some know- 
ledge of insanity (Savage’s “ Insanity.” Cassell. 
98. ) by lectures and by seeing cases at an asylum. 
He must ‘also take a course of operative surgery 
(Treves’ “ Student’s Handbook of Surgical Opera- 
tions.” Cassell. 78. fid. ; Treves’ and Keith’s 
“Surgical Anatomy.” Cassell. Os.). The fee 
for the elementary class is usually one guinea ; 
for the advanced class (for higher examinations) 
five to seven guineas. A certificate of proficiency in 
vaccination must be obtained by attendance at a 
vaccinating station (fee, one guinea). The student 
should also learn to administer anaesthetics. Such 
time as remains will be occupied in obtaining 
experience in the wards and out-patient rooms of 
the hospital. What he seen will be remembered 
better thaix. what he rexids. The best method is to 
read up at night the diseases of which he has seen 
examples during the day. Revision classes are also 
held before every examination to refresh the 
memory. The student should now be in a position 
to pass the rest of the final examination (medicine 
ana surgery, taken separately or together) and re- 
ceive his reward by emerging as a fully-qualified 
medical man. 

As soon as he obtains his first qualification, the 
medical nmn must register himself at the offices 
of the General Medical Council, no matter whether 
he previously reported himself as a student or not. 
The fee is £5. This is essential, as the Medical 
Register is the offiidal list of the members of th^ 
profession. Subsequent qualifications can be regis- 
tered for a fee of five shillings. 

The Higher Examinations. The pos- 
session of a University degree is a great help to a 
medical man. The degrees of the London Univer- 
sity necessitate a more prolonged course of study 
than that described above. The whole of the first 
year must be spent on the preliminary scientific 
subjects. Advanced classes in physiology and 
anatomy must be attended, and a course in organic 
chemistry is needed. Two years* study will be re- 
quired for the intermediate examination. The 
final examination is decidedly harder. The degrees 
of Doctor of Medicine or Master in Surgery will 
require about two years’ study after taking the 
degrees M.B., B.S. Students who intend to take 
degrees at Oxford or Cambridge reside during their 
first three years at the University and should pass 
their examination in anatomy and physiology there. 
They enter a London hospital for the final subjects 
only, and a proportionally reduced fee is charged. 
The final examination for the degrees of Bachelor 
of Medicine and Bachelor of Sur^ry resembles 
in essentials that required by the Lonaon University. 
The degree of M.D. is obtained by writing a thesis 
and not by examination. 

The Fellowship of the Royal College of Surgeons 
(F.R.C.S.) is essential to anyone taking up surgery as 
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a speciality, and is an excellent diploma for anyone 
to possess in general practice. The subjects of the 
prima^ examination are anatomy and physiology; 
of the final, surgery. Special classes must be attended 
for these examinations, which are decidedly difiicult 
and notoriously uncertain. 

The Membership of the Royal College of Phy- 
sicians (M.R.C.P.) is essential to anyone intending 
to practise as a consulting physician, but it is a 
drawback to general practice. The holder may 
not buy or sell a practice, may not enter into 
partnership nor dispense medicines. He is expected 
not to charge a lower fee than one guinea. 

expenses Incurred* The London hospital 
fees given in the table below do not include fees 
for courses in fevers, operative surgery, and 
vaccination fsce above]. Foes in the Scottish, Irish, 
and provincial schools are somewhat lower. 

Beyond cxj)enses incurred for fees, at least 
£10 a year should be allowed for books and in- 


llOSPITAL FEES FOR MEDICAL STUDENTS IN LONDON 

Fet 


St. Bartholomew’s 

£31 10s. entrance fee 
£.31 lOs. annual fee 



or £173 68. 

If paid in one sum 

Charing Cross 

£132 68. 

If paid in fl\'e instalments 

St. George’s 

or £120 158. 

If paid in one sum. For the 
sons of medical men, 115 and 
106 guineas respectively 

£160 

In four iustalmcnts 


or £ir»0 

If paid in one sum 

Guy’s 

£21 entranee fee 
£31 lOs. annual fee 

Kings' College 

£148 

In four instalments 


or £135 

If paid in one sum 

London 

£1.36 lOs. 

If paid in three instalments 


or £126 

If paid in one sum. A reduc- 
tion of 15 guineas to sons of 
medical men. 

St. Mary’s 

£145 

If paid in four instalments 


or £140 

If paid in one sum 

Middlesex 

£152 5s. 

If paid in four instalments 


or £141 15s. 

If paid in one sum 

St. Thomas's 

£21 outrance fee 
£.31 lOs. annual fee 

University College 

£31 10s. 

For first examination 


£52 10s. 

For second examination 


£84 

For third examination 

Westminster 

£126 

If paid in half yearly payments 


or £115 lOs. 

If paid in one sum 

Royal Free (for 

£150 

If paid in four instalments 

women students) 

or £140 

If paid in one sum 


strnnicnta. Backward students may require private 
tuition from time to time ; the fee for a three months’ 
course is 10 guineas. If the student can live at home 
a great savin jsj naturally results, but the great 
majority live in lodgings. Several hospitals have 
residential colleges attached. For the greater part 
of the course it is not advisable for the student to 
live in college, however. Change of air and surround- 
ings w preferable. While working for the final 
examination a short residence in college is profitable 
because it enables so much emergency and night 
work to be seen. Many of the teachers receive 
students to live with them for an average fee of 
two guineas a week ; this ensures a certain amount 
of supervision. The “ Lancet ” says ; “ If a London 
student is careful and orderly, if he selects rooms 
in an inexpensive quarter of the metropolis — not 
always easy to do if his school is placed in the 
West End of Txindon — if he requires no private 
coaching, and, if, by industry and ability, he is able 
to make certain of his examinations as the time 
comes for them, he can make an allowance of £100 
a year for five years support him during his educa- 
tional career. But his parents or guardians should 


remember that if he has no need to have recourse 
to them it is because ho has shown considerable self- 
control and has resolutely turned his back upon 
many pleasures, which, however innocent, cost the 
odd shillings that he has never possessed.*’ 

How to Enter Upon Medical Practice. 

The newly- qualified man has still much to learn. By 
far the best way of rapidly acquiring experience 
is to hold the post of house physician, or house 
surgeon, for six or twelve months at some hospital. 
It should be the aim of every student to hold one 
of these posts, for no finer training exists. Ifc 
stamps a man in a way which the trained observer 
can generally detect. Living amid his patients 
he learns to recognise minute hourly changes 
in their condition, so that in after life he can draw 
correct conclusions rapidly and confidently. He 
is responsible for all treatment between the visits 
of his chief, to whom he can always turn in case of 
any difficulty. During the time ho, holds office board 
and lodging is supplied, and in 
some cases a small salary is paid. 

But hosjiital practice differs widely 
from pri va te practice. In the former, 
everything is organised and ready for 
all emergencies, the house surgeon 
having merely to order what he 
wants. In private practice consider- 
able ingenuity must be shown in im- 
)>rovising arrangements for the sick 
room, where the orders are not as a 
rule carried out by trained assistants. 
Much more tact and diplomacy are 
required. Delicate family questions 
come up constantly which the doctor 
would never have to face in hospital 
work. And instead of simply doing 
charitable work, his profession has 
now to be conducted so as to yield 
an income. 

Without guidance through this 
maze ho may make mistakes that 
will mar his professional chances. 
He must remember that, in general, 
the public are incapable of judging 
Ills professional merits, but they can 
ajipreciate his bearing and conduct ; 
and they concludes that the latter 
is the measure of the former. The 
old system by which the medical 
student was the apprentice of a doctor had many 
grave drawbacks which render it quite unsuitable 
to-day ; but it had one advantage, that he learned 
many of those practical details which cannot be 
taught in hospitals. The best way of learning these 
points to-day is to act for a time as a “ locum 
tenens,” or as an assistant. 

The Eocum Tenene. While deputy for 
a doctor the “ locum tenens ’* lives in his liouse, 
receiving board and lodging and a fee of three or 
four guineas a week. A living can therefore gene- 
rally be made in this way ; but it must be strictly 
regarded as a tem])orary expedient ,* to continue 
to do this long is not to be commended. It is 
fuore instructive to act as “ locum tenens ” for one 
member of a partnership. From the remaining 
partner he can learn much about the method of 
conducting the yiractice, and the idiosyncrasies of 
the patients. He must not bo surprised if this 
partner selects the best work for himself, leaving 
the residue and the greater part of the night work 
to the “ locum.” 

If there is no partner it is usual for the “ locum ” 
to arrive before the departure of the doctor whose 
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work he is going to do, in order to receive instruc* 
lions. After that he will be dejiendent on the dis- 
])enser, or even the coachman (both generally 
well-informed and discreet) for his information, 
though in some cases the doctor’s wife will stay 
behind to look after things. The “ locum tenens ” is 
bound in honour to consider in every way the 
interests of the doctor he represents. He need 
not be surprised if some patients refuse to see him ; 
the choice of a medical attendant rests with the 
patient, and no man can do much good to a sufferer 
who is unwilling to receive him. He must reflect 
fhat when lie gets a practice of his own he will 
not care to have his deputy received too gladly. 

Setting up in Private Practice. Many 
men consider it beneath their dignity to act as an 
assistant. With the suppression of iin<|ualified 
assistants by the General Medical Council, how- 
(^ver, the position and emoluments of the qualified 
assistant has improved. If he lives with his 
principal he will receive from £120 to £150 a year. 

For a young man there is a good deal to recom- 
mend such a ])osition for a time. He sees practice 
and gains cxi>ei'ience without risk of capital ; he is 
taking no irrevocable step. 8ome assistantships are 
held with a. view to partnership.” This is a con- 
venient arrangement, allowing the principal and 
assistant to know one another thoroughly before 
entering into the more enduring bonds of partnership. 
An assistant is usually bound by agreement not to 
})ractiae for himself in the distrust, except in partner- 
ship with his principal. This prevents an unscru- 
pulous assistant from getting an introduction to 
])a,tients and then subsequently diverting them to 
iiimself. 

Sooner or later, however, the di'cisive step must be 
taken. But without capital this is difficult. The cost 
of a medical education does not exhaust the ex- 
])enses incurred in entering the profession. The 
ordinary methods are three: (1) squatting; (2) 
buying a practice: (3) partnership. 

Squatting. Squatting, as it is euphoniously 
called, means taking a house in a suitable 
district, putting up a door-plate, and waiting for 
])ractice. In no case should this be ex lected even to 
cover exjienses in less than three years. It will be 
seen, therefore, tliat ex]»enditure of cai^ital is really 
involved in ktwping up an unremiinerative house. 
Moreover, there is a considerable element of risk, for 
after three years the practice may still be most 
meagre. A town with a fixed population offers no 
sco])e for this method, which should only be 
>ittempted in a ra])idly-growing district. Without 
influential introductions the chances are that the 
])ractice will be drawn from the poorer classes, who 
are not nearly so conservative in the matter of 
medical attendants. Moreover, “ undesirables ” 
who have exhausted their credit with the more 
established practitioners regard the new man as 
their legitimate prey. The young doctor is del ighted 
with his apparently rapid success until the time 
comes for settling accounts. 

The custom is for the new doctor to call upon his 
medical neighbours and announce his intention 
of practising. This is rather an ordeal, for, the 
demand for doctors l»eing the same whatever the 
sui>ply, the new-comer can hardly expect an enthu- 
siastic welcome, though, of course, be will have a 
courteous rece}>tion. 

There is another method which should bo con- 
demned. Occasionally, friendly societies and 
sick clubs advertise for a doctor to settle in a 
town as their medical officer. The salarv is usually 
just enough to live upon, and a youn^nan may 
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regard this as forming the nucleus to a practice 
which he can develop. But the club only adopts 
this course when it has failed to get the doctors 
in residence to accept their terms. The terms 
usually accepted cannot be called extravagant — 
a penny a week for the head of the family,^and less 
from the other members. This scale is" found to 
yield an average of tenpence a visit, from which the 
cost of medicine supplied must be deducted. The 
services rendered are therefore in part charitable. 
But from time to time the larger tnidesmen and 
employers of labour are found in these clubs 
expecting treatment on the same terms as artisans 
and labourers. Refusal to act for a club has gener- 
ally been based upon this ground. If the resident 
practitioners object, the club will advertise for a 
medical officer, the aim being to punish them by 
importing a rival. If a man accepts such an 
appointment, he is entirely dependent upon the club 
officials, who will show him scant consideration. 
At the same time he cannot expect cordial relation- 
ship with his professional colleagues. 

Ruying a Practice. The best class of practice 
does not often come into the open market, the 
contracting parties befing introduced through their 
medical school. An inffuential member of the 
visiting staff is asked to recommend a suitable man 
whose capabilities he knows personally. In this way, 
a student finds a good reputation at his hospital is 
a valuable asset, while the vendor gets a man whose 
personal qualities have been appraised in a way a 
medical agent is unable to do. This method is, 
perha])8, more usually employed in obtaining a 
partner than a successor. In whatever way the 
introduction has been effected, however, the practice 
should be investigated by a recognised medical 
agent, who will go through the books and value it. 
No objection is raised, as a rule, to this ; if it is, 
negotiations should cease. For, without any fraudu- 
lent motive whatever, a vendor may take tt)o 
roseate a view as to the extent to which the practice 
is transferable. A death vacancy is of notoriously 
uncertain value, especially if the prece-ding illness 
has been prolonged. During this time, a practice 
crumbles away surprisingly. In any case, many 
patient/S will transfer themselves, not to the new 
doctor, unknown to them, but to one of the other 
practitioners already established in the district. 

Not more than one year’s ptirohase should be 
paid for a death vactvncy, and the successor should 
not anticipate holding more than two-thirds of the 
existing j)ractice. 

A much safer plan is where the outgoing prac- 
titioner is willing to give his successor an intro- 
duction by staying on tor six months or so. In this 
case, about one and a half years’ purchase is usually 
asked. 

Partnership. From a pecuniary standpoint, 
this is undoubteoly the safest plan. It would seem 
to have other obvious advantages, such as a col- 
league’s assistance on all occasions when re^isite, 
and greater freedom in getting away. Yet in 
medical practice partnerships seem, as a rule, much 
less successful than in other walks in life. Perhaps 
this is because of the intimate personal relationship 
between doctor and patient into which a third 
person introduces a disturbing element. Moreover, 

partners are not usually equally matched in 
industry, capacity for work, tact, temperament, 
and other qualities indispensable to an intimate and 
con^nial fellowship, and are not equally cared 
for by the public ” (Cathell). If one partner does 
most of the work, he chafes at earning money for the 
other, while the latter feels jealous of the superior 
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popularity of the former. Whatever the fjause, 
really satisfactory partnerships are unfortunately 
not common. A higher premium is usually paid for 
a partnership than for a simple succession, the 
present price being two to two and a half years* 
purchase. 

The Daily Round. It is usual for the doctor 
to be at home from 9 to 10 or 10.30 in the morning 
to see patients ; if he has club or parish patients, 
they should be seen at his surgery then. This gives 
time for the arrival of messages requesting him to 
call. The morning round should start not later than 
10.30, and should bo so arranged as to allow a visit 
home in the middle of the morning to collect any 
fresh messages. The necessity for an afternoon 
round will depend on the size of the practice. The 
afternoon is usually the time fixed for consultations 
with other medical men. The doctor should set 
aside certain hours in the evening for seeing patients 
at his house. Many patients not confined to their 
room much prefer this method. The time of the 
next visit should always be mentioned, and should 
not be loft vague ; a little tact will generally 
discover the wishes of the patient as to frequency 
of visits, and will avoid the charge either of being 
neglectful or of undue persistence. It should bo 
made clear that for a special visit — that is, one made 
out of the morning or afternoon round — a s|)ecial 
fee will be charged. In this way much time can 
be saved, and dislocation of the work avoided. 
But midwifery will always upset the doctor’s 
calculation. Four-fifths of his night work will bo 
duo to this — the greater number of births occurring 
between midnight and 3 a.m. The fees are much 
smaller in proportion than for any other professional 
work. Yet no young man can afford to decline 
sucli engagements, as the children become his 
})ationts, and thereby practice grows. 

The Chances of Success. »Sir James 
Paget found that his first thousand pupils met with 
the following degrees of succeas : 

Twenty-three had « distinguished success — that is, 
they att-ained to a leading position in practice or 
to important public appointments. 

Sixty-six had considerable success — that is, they 
held high positions in the Services, or obtained good 
provincial or country practices, and enjoyed more 
than ordinary esteem and influence in society. 

Five hundred and seven had fair success — that i.s, 
they possessed a practice large enough to maintain 
thorn in adequate style, or the tenure of an ad- 
vancing position in the Services. 

One hundred and twenty-four had very limited 
success — that is, they never attained moderately 
good practices, but were just able to maintain 
themselves. 

Fifty-six failed. Of these, 15 could not pass their 
examinations, 10 were dissipated both as students 
and afterwards, 10 had bc^ health, and 5 were 
(‘onvictod of misconduct. 

Ninety-six discontinued medical studies while 
still pupils. 

Forty-one died during pupilage. 

Eighty-seven died within 12 years of beginning 
practice. 

Deducting these last three groups, therefore, 770 
actually reached practice, and of these, 590, or 
rather more than three-quarters, achieved a reason- 
able degr^ of succosR. I^ater investigations have 
yielded similar figures. This is an encouraging 
result ; but we must remember that success in 
practice does not mean the attainment of- wealth. 
We may conolude that to the industrious and 
well-qualified doctor the medical profession offers 


a good chance of only an adequate income in return 
for an arduous but interesting and useful career. 

The Doctor’s Library. In addition to 
the books mentioned in the course for the final 
examination, these will be found very useful : 

“A System of Meoicine.” Clifford Allbutt. 
Macmillan. 8 vols. £10 net. 

“ MANT7AL OF Medicine.” AllchiiK Macmilhin. 
5 vols. £2 net. 

“ Principles of Treatment.” Mitchell Bruce. 
Pentland. 16s. 

“ Diseases of the Throat, Nose, and Ear.” 
McBride. Pentland. 25s. 

” Diseases op Children.” Coodharfc & Still. 
Churchill. 12s. fid. 

“Clinical Methods.” Hutchison & Rainy. 
Cassell. lOs. fid. 

“ Food and the Principles of Dietetics.” 
Hutchison. Arnold. Ifis. net. 

“ The Extra Pharmacoi'o;ia.” Martindale & 
Westcott. Lewis. Os. fid. net. 

One of the weekly medical journals should be 
taken in. Of these, the “ Lancet ” (7d. wec'kly) 
is the best. The “ Practitioner ” f21s. a year), 
published monthly, gives exc-ellent reviews of 
medical progress. 

THE DOCTOR ABROAD 

One out of every five men qualifying as doctors 
in Great Britain ultimately comes to practise abroad, 
usually in the Services or in the Colonics. This docs 
not include the large number who take a temporary 
post as surgeon oh board ship in order to see 
something of the world before settling down in 
practice at home. For all these, a course of study 
at the School of Tropical Medicine in I^ndon or 
Liverpool is essential. 

The Doctor in the Navy. Admission 
to the Naval Medical Service is by examina- 
tion in medicine, surgery, and allied subjects. 
Candidates must be between 21 and 28 years 
of age, of pure European descent, the sons of 
British parents, of sound constitution and good 
character, and qualified medical men. Success- 
ful . candidates receive commissions as surgeons, 
and study naval hygiene, etc., at Haslar Hospital 
before proceeding to their station. Pay starts at 
£225 10s. a year and rises to £657 for Fleet surgeons. 
Retirement is compulsory at 55, except for Deputy 
Tns^tec tor-generals and the Inspector general. But 
voluntary retirement is permitted after four, eight, 
12, and 16 years full-pay service, with gratuities 
of £500, £1,000, £1,500 and £2,250 res|)cc lively. 
Herein lies one of the great attractions of the 
Service, for a man without capital entering at, say, 
22 can withdraw at 30 with £1,000 to start in civil 
practice. Fleet surgeons retire with a ixjnsion of 
from £365 to £547 10s. a year, according to length 
of service. But if the health of a surgeon breaks 
down before he completes 20 years* service, he may 
l>e placed at once on the retired list, receiving no 
pension, but only a gratuity, even if his illncs.s 
has been contracted in the performance of his 
duties. This seems decidedly unfair. 

A naval surgeon has excellent opportunities 
for keeping himself in touch with medical progress, 
as he is obliged to attend a post-graduate course 
at a metropolitan hospital for five months every 
eight years. During this time he receives full pay 
and allowances for expenses. 

The Doctor in the Army. The require- 
ments from candidates are similar to those for 
the Naval Medical Service, except that the 
subjects ojf examination are limited to medicine 
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and surgery. Successful candidates receive com- 
missions as lieutenants on probation, and 
must undergo two months instruction in military 
surgery, hygiene, and bacteriology at the Staff 
(V)lTcge in London. They will be examined in 
these subjects and then go to Aldershot for a 
three months’ course of instruction in teohnii'al 
duties, on which they are also examined. Ex- 
aminations for promotion are held later. The daily 
pay of a lieutenant is 14s. a day, exclusive of allow- 
ances, rising with promotion and length of service to 
£2 a day for a colonel and £3 for a surgeon - 
general. Retirement is compulsory for a surgeon- 
general at 60, for a colonel at 67, and for other 
officers at 55. Failure to qualify for promotion 
will entail retirement at an earlier age. The rate 
of retired pay varies from £2 to £1 a day, according 
to rank. Majors of less than 20 years’ service and 
captains I’eceive gratuities varying from £2,500 to 
£1,000 in place of retired pay. If premature retire- 
ment is the result of illness produced by m€Hii(*al 
service, the officer receives retired pay equal to the 
half-pay of his rank. An officer volunteering for, 
or ordered to, the West Coast of Africa receives 
double pay. For each year’s service here he is 
entitled to* full pay during a year’s leave at home. 
JOach year and eacdi half-year after the first twelve 
months are counted as double for purposes <if 
rt‘ tired ]iay. 

The conditions of the Army Medical Service have 
been much improved of late years. The chief 
drawback is that there is still a tendency in certain 
quarters to place the medical officers on an inferior 
lilane socially to the combatant officers. 

The Indian Medical Service. Regula- 
tions for candidates in the Indian Medical {Service 
resemble those for the Army, except that they 
must simply be “ natural born subjects of 
his Majesty,” European descent not being in- 
sisted on. An additional certificate is required 
of having attended a course of instruction in dis- 
eases of the eye for not less than three months. 
The subjects of the examination are now the same as 
for the Army. Successful candidates undergo further 
training at the Medical Staff College and at Aider- 
shot as for the Army, and have a similar examination 
at the end. According to the result of all these 
examinations, they are allowed, as far ns possible, 
to select their district in India. 3.«eave out of India 
for a year, cayjable of extension to two years’ 
absence from duty, is granted at certain times 
on pay varying from £250 to £700 a year, according 
to length of service. Extra leave is allowed also for 
])ur poses of study. 

The system of pay is somewhat complicated, but 
usually starts at 450 rupees a month, increasing to 
2,250 rui)ces for those below the rank of surgeon- 

f eneral, who receives 3,000 to 2,200 rupees. 

Retirement takes place at 55 or 60, according to 
rank, and the pension ranges from £1,050 to £300 
a year, de]>ending on length of service and position. 
Invalid pensions are also granted to officers 
incapacitated by illness caused by their duties. 

The competition for the Indian Medical Service 
is more severe than for either of the other two 
Services. It should be entered as early as possible, 
since it is almost impossible for anyone entering 
after his twenty-fifth birthday to reach a higher 
pension than £500 a year. Private practice is allowed, 
except to those in certain special posts, as long as it 
does not interfere with official duties. This 
allows the chance of a decidedly better income. 
“Specialist” appointments have recently been 
made, which carry higher pay with t^^i. 

5428 


It is now permitted to successful candidates 
in all three Services to spend not more than a year 
in a resident appointment at a recognised civil 
hospital. Time so spent counts towards promotion 
and fx^nsion. This is a great improvement, and 
■ encourages the best type of student to compote. 

The Doctor in the Colonies. There 
is, of course, considerable scope for the medical 
man in the Colonies. 

Canada. British diplomas and degrees entitle 
a medical man to practise in Canada without any 
examination after licence obtained from the Pro- 
vincial Medical Boards and registration and pay- 
ineiii of fees. In British Columbia the registration 
fee “ must not exceed $100,” and in some parts is 
only $10 ; a small annual fee may also be charged. 
There are good medical schools in Canada, so that 
the supply of medical men is quite sufficient for 
the {>opiilation generally, though British Columbia 
might offer an opening to those nmdy to “rough it.” 

Attstralasia. In Now South Wales, Victoria. 
Queensland, and Tasmania, a man who possesses 
British qualifications is entitled to a certificate 
from the Medical Board as a “ legally qualified 
practitioner.” In Western Australia a fee of ten 
guineas, and in New Zealand a fee of £1 Ss., is charged 
for such registration. Registration is not com- 
pulsory in South Australia. 

In Australia there is a large supply of general 
practitioners in the towns, and many of those wlio 
have gone out from England have found it difficult 
to make a living. The graduates of the Colonial 
universities more than meet the usual vacancies, 
and have more influence to help to secure them. 
There is, however, still some opening for specialists 
on diseases of the eye and ear. For others country 
districts offer the best chance, but the newcomer 
must be profic;ient in surgery as well as medicine, 
and ready to live a hard life. 

South Africja. Here registration is necessary. 
For this sworn doelaraiions must lie made as to 
(I) fiersonal identity, (2) authenticity of the diplo- 
mas, and (3) the fact that these difilomas entitle 
the applicant to practise in the country yvhere they 
were ootained. Registration by the General Medical 
Cuuncil of (h’eat Britain will be found to simplify 
these jirocedures. 

In Cape Colony the licence is signed by the 
Colonial Secretary on the recommendation of the 
Colonial Medical Council. The fee is £5. In Natal 
the application for such a licence costs £1 Is., and 
the annual fee is £5. In Southern Rhodesia the 
licence is issued by the Chief Secretary, Salisbury. 
The fee is £5. In the Transvaal the certificate is 
issued on the recommendation of the Transvaal 
Medical Council on payment of £10. In the Orange 
River Colony the Registrar of the Medical and Phar- 
macy Council, Bloemfontein, issues the cortiffente. 
The stamp is £7 lOs., and the annual licence costs 
£15. 

In Cape Colony there arc numerous appointments 
as district surgeons and medical officers. Candidates 
should apply to the Assistant Private Secretary, 
Colonial Office. Applications for appointments 
in Rhodesia should be mode to the Secretary of 
the British South Africa Company, London Wall 
Buildings, E.C., together with certified copies of 
di})lomas and testimonials. Preference is given to 
applicants who have passed through a course of 
training at the Tropical School of Medicine. It is 
desirable that they should be young, of good 
physique, and able to ride. 

Those who go out to South Africa with a view 
to private practice must remember that though 



fees are high, so is the cost of living, and that 
methods of competition are in vogue which are not 
sanctioned in Oreat Britain. 

Othke Colonies. Medical appointments fall 
vacant from time to time, mainly in the West 
Indies and the West African Colonies. Candidates 
must be between the ages of 23 and 30, must be 
doubly qualified— f.e., in surgery and medicine — 
and must apply to the Assistant Private Secretary, 
Colonial Office. 

The Doctor on the Continent, On the 

Continent, as a rule, fewer opj)ortunities otTer 
themselves to the practitioner. 

Italy. Italy is the only country that places no 
restriction on the foreign practitioner. He has 
no fees to pay, examination to pass, or forma to 
comply with. The authorities recognise the benefit 
of the large influx of visitors and the necessity of 
considering their comfort, so that a recent agitation 
to expel all foreign pnietitionors has met with little 
support. The shortness of the season in most 
districts means, however, three or four months of 
incessant labour, followed by comparative idleness 
during the rest of the year, unless it is combined 
with a practice in some summer resort, entailing 
the expense of a double establishment. As such 
practices are of a purely personal and non-transfer- 
able nature, they should not Ik; bought. Good 
general attainments, and especially good introduc- 
tions, are of more value than a bought connection. 

France. Application must be made to the 
Minister of PudUo Instruction, accompanied by 
sworn translation of the birth certificate and 
diplomas via^d by the British Consul. Then the 
degree of M.D. in a French University (involving 
five examinations) and the “ diplome do Bachelior,’' 
must be obtained before practice is allowed. Classes 
must be attended even by the qualified foreigner, 
though he does not have to wait the statutory 
intervals between his examinations. When all these 
difficulties have been surmounted, a man who can 
accommodate himself to his surroundings may find 
a good opening in towns where there is an English- 
H|)eaking element. 

(Jermany. All the classes must be attended, 
and all examinations have to be passed. As this 
involves a five years’ course and about £160 to £170 
ill fees, it is practically prohibitive. Practice is 
allowed to holders of British diplomas, but they 
must not make use of titles resembling those of 
Gorman medical men, and legally they are regarded 
as unqualified. Under such circumstances (Germany 
offers no attraction to the British medical man. 

Austria. Naturalisation, involving five years’ 
residence, is necessary, and all the examinations 
must be passed. 

Hunoary. Application must be made to the 
Minister of Education, three examinations must be 
I>aR8ed, and a fee of 80 crowns paid. 

Switzerland. Three examinations must be 
passed (fee £9), and one or two years spent in 
additional study. 

Spain (and Canary Islands). The diploma must 
l>e sent to the University of Madrid, and identity 
proved. Practice is then allowed on the payment 
of certain duties. 

Portugal (including Madeira and Cape de Verde 
Islands, where there is a consideraole British 
element). Examination and a printed dissertation 
are required. Cost of examination and diploma, £60. 

Turkey. A “ colloquium,” or easy oral examina- 
tion in French or TurKish, without interpreter, is 
held. No European ph3rsician has ever failed to 
pass this, but there may be many delays before tlie 
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examination is actually held. Fees, £8, in addition 
to some registration expenses. 

Egypt. Qualified British practitioners have only 
to show their diplomas to the Director General of 
the Sanitary Department in Cairo, obtain a certifi- 
cate of gooa character, and pay a small registration 
fee. Formerly Egypt offered a splendid opening, 
but so many availed themselves of it that this holmi 
good no longer. No one should go th<;ro unless he 
has obtained an appointment in the Kasr-El-Ainy 
Hospital or in the Sanitary Department, for which 
the competition is considerable. A knowledge of 
Arabic is essential. 

Japan. There is no difficulty in an English 
medical man obtaining a licence, which only coats 
about six shillings, but the only opening is for 
shipping work and as medical officer to business 
houses. 

United States op America. The methods of 
admission vary in the different States, and are not 
exacting, but the proportion of medical men to the 
population is higher here tlian in any other country, 
so that competition is very severe in all the situations 
that are in any way desirable. 

THE SPECIALIST 

In view of the enormous growth of specialism 
in medicine, an increasing number of the more 
ambitious students will desire to equip themselves 
for such work. It cannot be too clearly understood 
that whatever speciality a student may be ju'ininii 
at, it will bo necessary for him to become fully 
qualified to practise both medicine and surgery 
first. In addition, if a surgical Hj)eciality is his 
oal, the F.R.C.S. is essential to him; if medical, 
e should become an M.D. of the university in 
which he was trained, and take the M.R.C.P. The 
F'.R.C.P. is only obtained by election from the 
more distinguished M.R.C.P.^s, the choice being 
practically vested in the Council of the College of 
Physicians. 

The Position of the Specialist. It must 
be remembered that specialism is more popular 
outside than within the profession. The profession 
recognises a clear distinction between general prac- 
titioners and consultants, the latter treating only 
patients in conjunction with the general prsfctitioncr. 
The consultant may practise surgery or medicine, 
never both. The rapid growth of knowledge has 
made it impossible for the consultant to keep in 
touch with the whole of either subjects, however. 
Certain departments, such ns diseases of the eye 
and the diseases of women, have long been relegated 
to specialists. Diseases of the throat and ear, and 
of the skin, are now almost entirely treated by 
specialists. Subjects such as electrical treatment and 
public health have recently been marked off ns 
separate departments; but beyond this the profes- 
sion rightly discourages excessive specialism as 
encouraging too narrow a view. A man elects 
to practise medicine or Surgery, but his gradual 
recognition as a specialist in some department of 
either subject depends largely on his fellows who 
may seek his help on some point to which he has 
paid speeial attention. 

To st^ecialise in public health a diploma, D.P.H., 
should be obtained in the subject. This necessitates 
at least a six months’ course in the subject at the 
hospital, after qualification (fee, usually £21). 
and examination by the universities or the Colleges 
of Physicians and Surgeons (fee, usually £21). 
The successful candidate then attempts to be electee I 
Medical Officer of Health for some borough or 
district council. 
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The Specialist’s Prospects* This is 
the only speciality requiring a separate exam- 
ination. As to the others, it is inadvisable for 
a student to choose too soon in his career. He 
must see how his abilities, tastes, and opportunities 
develop. After qualiticatiop, he in ust aim at holding 
a resident appointment at a hospital devoted to 
the speciality ho desires to follow. A throe 
or six months’ course at a continental clinic, 
8U(;h as Vienna, would then be very valuable. 
On returning he must try and become a clinical 
assistant at a hosjiitiil in his Rjiecial subject. A 
teaching appointment at his own hospital is one of 
the most ])owcrful levers he can obtain towards his 
upward jirogress. Ho must aim at getting a 
|)ermanent appointment on the visiting staff of a 
hospital as soon as possible. The degree of success 
he has had in his teaching work and as clinical 
assistant will prove imjiortani factors in accom- 
plishing this aim. 

It will lie seen from this that to become a recog- 
nised specialist is a U^dioiis protiediire, involving 

J rears of unrcmimerative work. Even when success 
logins to come, the income earned is much smaller 
than the jmblic imagines. So much time must 
still bo spent in liospital work and research in 
order to keep abreast of the times. A specialist 
must remain a student all his life, always ready to 
learn and apply the latest scientific work. Without 
capital it is almost impossible to live through the 
early years of W'aiting, though quite exceptional men 
have done so. A young surgeon has a much better 
chance than a young physician, because he can earn 
fees by helping a senior at his operations, and by 
doing operations at reduced fees, the graduation of 
fees being much more marked in the case of surgeons 
than physicians. But a physician goes on earning 
his income later in life. 

In any case the harvest-time for so much pre])ara- 
tion is but short, competent authorities putting it 
at only fifteen years. 

It will be seen that the pursuit of specialism is 
arduous and hazardous. There are as many blanks 
as prizes to be drawn, and no one should take it 
up as a career without carefully counting the cost. 

HOMEOPATHY 

By Dk. John H, Clakke 
Homoeopathy is a science and art of healing 
founded on a law of Natm*e known to exist from 
time immemorial, but first clearly enunciated and 
systematised by Dr. Samuel Hahnemann about 
the close of the eighteenth century. 

Hahnemann was the leading authority on pharma- 
ceutics of his day, licing the author of the classic 
“ Apothekcrlexicon.” He was, therefore, fully 
acquainted with all that related to the practical side 
of drugs and their preparations. He was a great 
scholar and linguist, and was the translator of 
works from many languages into German. It was 
whilst translating the work on Materia Medina by 
Professor Cullen, of Edinburgh, that the idea 
occurred to him of testing the action of cinchona 
bark on his own healthy body. 

The result of this experiment was that it produced 
in him an exact picture of an at tack of ague — that 
is to say, it produced a condition presenting symp- 
toms like those of a state of disease it was known 
to cure. This led Hahnemann to test other drugs 
in the same way, and he found the law held gpod. 
Whenever a case of illness presents symptoms 
closely resembling those produced by a drug on 
healthy jiersons, this drug will be the remedy for 
the case. In tlie work of experimentog with drugs, 
Hahnemann obtained the lielp number of 
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friends as well as of members of his own family. The 
results of these labours was the building up of one 
of Hahnemann’s great works, the “ Materia Medica 
Pura ” — that is to say, the actual observed effects of 
drugs unadulterated with any admixture of theory 
or opinion. 

In this work the symptoms actually produced by 
each diug on the ex}ierimenters are arranged in a 
definite schematic order for liandy reference. An- 
other discovery of Hahnemann’s was the increased 
• sensitiveness of patients to the action of a drug which 
is homosopathic to the case. This necessitated his 
giving a much smaller quantity of a drug for the euro 
of a patient than was required for the production of 
tlie like condition in a healthy person. This led to 
Hahnemann’s invention of a graduated method of 
attenuating medicinal substances up to a high infini- 
tesimal dilution. The recent discoveries in regard 
to radium and light treatment have familiarised the 
seientifie world outside hommopathy with the power 
of infinitesimals. A full statement of the homoeo- 
pathic doctrine is contained in Hahnemann’s great 
work “The. Organism of Medicine.” His third 
great work is entitled “ On the Nature of the 
(■hronic Diseases.” 

Qualifying for the Profeaeion* In this 
country at the present time anyone desiring to enter 
for the homoeopathic profession must first obtain a 
qualification in one of the recognised colleges or 
uiiivorsitieH. After graduation, the British Honioeo- 
})athic Association, 233a Regent Street, W. (Presi- 
dent, Earl Cawdor), arranges for him an academic 
systematic course of lectures on Homoeopathic 
Materia Mcdica and Homoeopathic Theraptmties 
during the winter session, and during the summer 
session of each year a further course of Homceopathie 
Thcrai^eutios is given. Ample opportunities for 
clinical instruction and clinical work are always 
afforded at the London Homoeopathic Hospital, 
Great Ormond Street, W.C., and at the homoeopathic 
hospitals of Liverpool and Birmingham. In addition 
to this, much valuable instruction may be gained by 
watching the practice at such homoeopathic 
hospiUvls ns those at Bromley, Tunbridge Wells, 
Bournemouth, and elsewhere. 

In addition, the British Homoeopathic Assotjiation 
is sending young medical men to America every year 
to be instructed in the homoeopathic colleges there. 
A further excellent means of becoming thoroughly 
acquainted with the details of homoeopathic practice 
is by obtaining a resklent medical x>ost at one of 
the above-named hospitals. 

The prospects of anv cajiable man who possesses 
a good knowledge of homoeopathic practice are 
much better than those of one who lacks it. The 
demand for homoeopathic practitioners is very nni(3h 
greater than the supply. In cases where a start is 
made in a new district, the British Homoeopathic 
Association gives its support to a fitting candidate 
until such time as he has been able to make his |)Osi- 
tion secure. It never takes long to do this, so groat is 
th<* demand among the laity for homoeopathic 
treatment. This demand comes from all grades of 
society, from Court circles downwards. 

THE VETERINARY SURGEON 

By Dr. Gerald I.eiohton 
There is only one portal to the ranks of veterinary 
surgeons — namely, the proscribed examinations of 
the Royal College of Veterinary Surgeons. No 
matter where the student enters and studies, the 
examinations are identical, and are controlled by 
this body alone. In this the veterinary profession 
differs from medicine, in the latter profession the 
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student having a choice of degrees or qualifications, 
any one of which allows nim to practise as a 
physician or surgeon. In veterinary science, how- 
ever, every practitioner must pass the M.R.C.V.S. 
(Member of the Royal College of Veterinary 
Surgeons), that being the only legal veterinary 
qualification in Great Britain. 

The Veterinary Surgeon's Course of 
Study. The first stage is to pa si the preliminary 
examination in general knowledge, just as it is in 
medicine. This has been recently altered and 
the announcement made that “ Candidates not yet 
attending a veterinary college must take the Exam- 
ination on the Medical Preliminary Standard at the 
January and April Examinations (1907), and also at 
all future dates.” As wo are writing for those who 
are prospective veterinary students, not for those 
already in the profession, it will be sufficient to 
draw attention to this important announcement 
as it stands, referring our readers to what has been 
already said concerning the .medical preliminary 
examination. The list of examining bodies whose 
certificates of examinations in general education 
are accepted in lieu of the preliminary are similar 
to those for the medical preliminary. Full par- 
ticulars of these may be obtained from the secretary 
of the Royal College of Veterinary Surgeons. A 
certificate of having passed all the required subjects 
in this examination before entering college entitles 
the student to present himself for his first pro- 
fessional examination. 

The j)relira inary examination passed, the student 
has then to determine in which college he will take 
his course. He has the choice of colleges in Tendon, 
Edinburgh, Dublin, Glasgow, and Liverpool. Before 
very long, in all probability, other universities will 
institute a faculty of veterinary science, as has 


been done in Liverpool. The choice of the college 
will doubtless be determined to a certain extent by 
the student’s place of residence, the actual cost of 
the various classes in the various colleges not 
varying more than a few pounds per annum. Of 
course, if the student has to leave home and live in 
rooms, ho must decide which place *suit-s him best 
from the financial and other standpoints of living. 
Class foes amount to £20 a year, or slightly less, 
to which must be added books, cost of living, and 
examination fees. The whole course of study, 
extending over the minimum period of four years, 
together with the subjects for the four professional 
examinations and the fees payable, is shown in 
the following table. There are only two examina- 
tions held during the year — in England and 
Ireland in July and December, and in Scotland 
in May and December. 

Final Examination and Prospects. 

Any veterinary surgeon who has been in practice 
for a period of five years or upwards who produces 
a certificate of fitness may proceed to the examina- 
tion for the Fellowship of the Royal College of 
Veterinary Surgeons. This is a higher examination, 
just as the M.D. is in the sister profession. For 
this the candidate must write an original thesis, 
and defend this thesis for half an hour before the 
examiners. Ho must also undergo a written 
examination in veterinary medicine, surgery, 
hygiene, sanitary science, patljology, and ba(5- 
teriology. This examination is held in May and 
December in each year. A fee of £5 5s. is payable 
on sending in the thesis, and on passing tlu^ 
examination and receiving the di])loma a further 
fee of £10 JOs. Having successfully passed his 
M.R.O.V.S. final examination, the veterinary 
surgeon has then to decide the important point 


SCHEDULE OP EXAMINATIONS FOR VETERINARY SUROEONS 

Examiningr Body. 
Diplomas. 

Subjects or examination 

Pees and \ge 

Time and idaces of 
Examination. 

Compulsory. 

Optional. 

Limits 

KOYAL College of 
Veterinary Surgeons. 
M.R.C\V.S. and F.R.C.V.8. 
Entrance. 

Edinburgh, Glasgow, 
London, Liverpool, 
Dublin. 

English, including Composition, Dicta- 
tion, Parsing, and Derivation. 

Latin, Grammar, Translation into Eng- 
lish. 

Mathematics, Arithmetic, Algebra ui> 
to Simple Equations (inclu'^ive). 

Geometry, Euclid, Books 1. to 111., with 
Deductions. 

One of the following: Greek, 
French, German, Italian, 
any other moileni language, 
JiOgio. 

Candidates not yet attending 
a \'cteriiiai;j'^ college must 
take the Examination on the 
Me<lical Preliminary Stand- 
ard at the January and April 
(1907) Examinations, nnd 
also at all future dates. 

€1 

None 

For M.R.O.V.S. 

First Frofessional. 

May and December. 
E<linburgb, Glasgow. 

July and December. 
London, Liverpool, Dublin. 

Elementary Anatomy, Chemistry, 
Biology (llotany and ZoologyX 


Cf) 

None 

Second Professional. 

Time and place as above. 

Anatomy, Physiology (Histology), 
Stable Management (Manipulutiou 
and Shoeing). 

1 

.t:r» 

None 

Third Professional. 

Time and place as above. 

# 

Pathology and Bacteriology, Materia 
Medica (Toxicology), Hygiene 

(Dietetics). 


£5 

None 

Pinal. M.R.C.V.S. 

Time and place as above. 

Veterinary Medicine, Surgery, Ob- 
stetrics, and Meat Inspection. 


£.5 

Registration 

Pee £1 

21 years. 

For r.KC.V.S. 

May and December. 
London. 

Or by arrangement elsewhere. 

Thesis. Wntten Examination on Medi- 
cine, Surgery, Hygiene and Sanitary 
Science, Pathology and Bacterioh gy. 


Entrance £5 Os. 

Passing £10 

5 years in prac- 
tice 
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of which branch of his profession is to engage his 
attention. There is a wide choice. Ho may decide 
upon general practice in town or country, and in 
that sphere a good practitioner will make a good 
living, if not a Targe fortune. Corporation aptwint- 
inents as meat inspectors attract some. He may 
sy>ecialiHe, devoting his attention chiefly to dogs, 
or horses, or cattle, etc., and will find his services 
in high demand where valuable pedigree animals 
are concerned. A good vet<irinary surgeon in any 
well-known hunting district in England has every 
opportunity of making a good position. The 
hardest life is undoubtedly that of the country 

{ iraetitioner in a sparsely i>opulate<l district where 
lis clients are not too well off and his patients not 
sutfieiently valuable to justify much ex|»endituro 
upon them. 

The Army Veterinary Department. 

Of recent years, especially since the Boer War, great 
changes have been made in the Army Veterinary 
Department, which now offers a good career to a 
certain number. The rates of pjpyund rules regard- 
ing the promotion and retirement of veterinary 
officers are laid down in the Royal Warrant for 
Pay, a <*opy of whicli should be obtained by in- 
tending candidates for the Army. The re(|uire- 
ments demanded of candidates are these : 

(1) CJandidatos for admission must make written 
application to the Secretary, War Office, Ix)ndon, 
giving the information require<l by Appendix J. 
A personal interview with the Director-(4eneral, 
Army Veterinary Service, will subsequently be 
necessary, and will be arranged by that officer. 

(2) Tlie minimum age of candidates is 21 years, 
and the maximum ago 27 years, except in very 
s|)ecial cases or on urgent occasions, when the latter 
limit may be exceeded. Candidates must Imj un- 
married, and will not be accepted unless, in the 
opinion of the Army Council, they are in allresf)ects 
suitable to hold commissions in the Army. 

f3) Every candidate must be a member of the 
Royal (k)llege of Veterinary Surgeons, and pass an 
examination before a board of veterinary officers. 

(4) Ho will be requircxl to forward the following 
certificates, prior to examination ; (a) a certificate 
df birth or other satisfactory proof of age ; (/j) 
certificates of moral character from clergymen or 
others in a position to testify, and whose evidence 
may lie deemed satisfactory. 

(o) The Dean or other resjx»nsible head of the 
school from which the candidate graduated will be 
asked by the Director-General for a confidential 
report as to his professional ability and general 
fitness to hold a commission in the department. 

(6) If approved, he will b<i examined as to his 

l-»Tr u i~k-f mnorlioiil rkAKnAwiii 

then bo eligible for examination. 

(7) Examinations will be held on vacancies occur- 
ring, and candidates who obtain the qualifying 
number of marks will receive commissions accord- 
ing to the order of merit in which they pass. 

(8) Candidates will be examined by the Examin- 
ing Board, and the examination will be in two 
parts, written and oral, as follow : 

Written 

Maximum marks. 

Veterinary medicine (2 hours) . . 1,000 

„ surgery „ . . 1,000 

„ hygiene „ . . 1,000 

(General papers referring to both horses and 
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cattle, and embracing pathology in all its branches, 
surgical anatomy, and general and special hygiene.) 

To qualify — 50 per cent, in each subject. 
Oral 

Maximum marks. 

Examination of horses, including 
soundness generally and certificates 
thereon, agoing, shoeing, the eye, 
and detection of lameness . . . . 3.000 

Clinical diagnosis, the practical hand- 
ling of animals and administra- 
tion of medicines . . . . . . 2,000 

Practical surgery and surgical anatomy 2,000 
To qualify — 50 per cent, in each subject. 

An agpegate of 60 per cent, in all subjects com- 
bined will be required. 

A candidate may be rejected if he shows any 
deficiency in his general education. 

A candidate on appointment as veterinary 
offiecr will, on joining at Aldershot, be required to 
undergo a course of special training at the Army 
Veterinary School. 

At the end of the course he will be examined, and 
if the examination be satisfactory and his general 
report good he will be retained in the Service : 
but should his examination be unsatisfactory, or 
his general report not good, his services will be 
dispensed with, in accoraance with the last part of 
Article 431 of the Pay Warrant. 

Rates of Pay in the Army. The sub- 
stantive ranks of the officers of the Army Veterinary 
Department are as follow : colonel, lieutenant-colonel, 
major, captain, lieutenant. After passing the cx- 
uminations the candidate is appointed a veterinary 
officer on j)robation for six months, after which, if 
satisfactory, he receives a commission as lieutenant at 
£250 per annum. The ordinary rates of pay are as 
follows (those of special pay abroad, with the army in 
the field, or in command at home, sick leave, retired 
pay, etc., will be found in the Pay Warrant): 

( ln(!lu8ivo of all allow- 
ances except field 
and travelling allow- 
ances. 

Duily. 

£ s. d. 

Colonel 1 15 0 

Lieiiteiiant-oolonel . . . . , , 110 

Major . . . . . . . . . . 10 

„ after 5 years’ service as such . . 12 

„ „ 10 14 

Captain .. .. .. .. .. 0 15 

„ after 5 years’ service as such, 
jirovided he has served 3 
years abroad .. 0 17 6 

Lieutenant .. .. ..£250 0 0 a year 

veterinary worfe, in which the officers perform or 
supervise all official veterinary work in India, 
other than that of the Army, and are debarred from 
private professional practice in India. I’lie duties 
arc mainly educational work in veterinary colleges, 
horse and mule breeding, cattle breeding, and the 
treatment of disease. Applications for these 
appointments should be made lo the Revenue 

Secretary, India Office, London, S.W. 

Thus, the veterinary surgeon has an abundant 
choice of modes and places in which ho may practise, 
and before coming to a decision he will do well to 
consult tho.se who have experience of the brancli 
he intends to pursue. 

followed by Dbntistby 
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THE BEST FOODS FOR POULTRY 

Group 1 

AGRICULTURE 

Feeding for the Table or for £gg-la 3 ring. Some Typical Rations 

38 

for Young Chickens and Adult Hens. A List of Suitable Foods 

POITI.THY 

oonttiiuod from page 0!W4 


By Professor JAMES LONG 


IN connection with the feeding of poultry the 
* reader is referred to pages 2702-6, in which the 
principles of the feeding of livestock are discussed. 
Although this discussion refers in particular to 
the larger animals of the farm, the major portion 
of those pages may be applied with equal ad- 
vantage to poultry. Not only have we provided 
a table of analyses showing the percentages of 
the various digestible constituents of foods, 
but those constituents are described in detail 
and their relative values compared. 

The Hen's Carcase. In feeding poultry 
we are bound to observe the difference in 
size betw'een the hen, and, let us say, the sheep 
or the bullock, the greater rapidity with which 
food is utilised, especially in the formation of 
the two materials of which the body of the hen 
is chiefly composed — fat and protiCin, which 
comprise nearly one half of the dry matter of the 
carcase ; and the fact that she is an omnivorous 
feeder, eating animal and vegetable food with 
equal felicity. In passing, it may observed, 
too, that the composition of the dry matter 
of the hen’s carcase — we do not refer to fowls 
which have been fattened — is closely identical 
with that of the dry matter of the egg. As an 
omnivorous feeder, then, it is clear that the 
food supplied to poultry should be varied. 
Tn practice, however, we find that where one 
individual chiefly feeds his poultry upon maize, 
another selects barley, while a third may employ 
maize as hard food and barley-meal in the form 
of paste, which so many persons regard as au 
important feature in feeding, especially when it is 
supplied hot in the morning, having been mixed 
with skim milk, or the liquor in which meat or 
bones have been cooked. 

Feeding Chickens for the Table. 
Food is supplied to poultry, in the first place, 
for the maintenance of their bodies, and next 
for the production of meat or eggs. C/hickens 
which, after hatching, are intended for the table, 
should, like the calf intended for veal, be well 
fed from the egg forwards, every effort being 
made to induce growth accompanied by an in- 
cre^ of flesh. Where chickens are intended for 
laying purposes — and here we naturally refer 
to the pullets — the same form of treatment 
is not an essential ; and yet the feeding should bo 
equally careful, for the stronger and healthier 
the chicken the more robust and vigorous 
becomes the young fowl, and indeed the earlier 
she begins to lay. Success lies, however, rather in 
the direction of variation in the rations as betw'ocn 
chickens intended for table and the pullets 
for l^ng than in the quantity of food supplied. 

demand for fattened chickens, valuable as it 
18 from a pecuniary point of view, is not a healthy 


one ; but in his own interest the poultry- 
keeper must respond to it. The object is to send 
into the markt^t at the earliest date young birds, 
tender and fat, for which he receives what we 
now regard as unparalleled prices, especially 
in the early season. We have noticed such birds 
priced at lOs. 6d. each in the West End of 
London, but they were the result of considerable 
labour and skill on the part of the producer. 

Feeding Pullets for Egg-laying. The 
pullet intended for laying should be fed 
naturally, and supplied w^ith all she requires, 
and the greater her freedom and the larger the 
quantity of insect life, grass, and clover slie can 
obtain the better for her growth and strength. 
But the chicken for the table is, at a given age, 
which is more or less closely proscribed, caged and 
crammed with food, a large proportion of wtiich 
consists of fat, and, having added to her w'eight 
sufficient for tlie purpose of the feeder, is killed 
and sent to market. 

Food is rapidly appropriated by poultry, 
especially by young chickens, and there is little 
doubt that appropriation or assimilation are 
still more rapid and effective when the ration is 
mixed. 

The Feeding Value of Milk and Bone. 

Although cereals are principally employed as 
food, pulse and other grains are occasionally 
supplied, together with milk and meat in some 
variety. The value of milk is noticeable in two 
directions. It is believed that the protein of 
animal food, as in the casein of milk, is better 
assimilated and employed in the economy of the 
fowl than the protein of cereals or pulse, and, 
further, that the necessity for mineral matter — 
especially for phosphates — is more readily met 
by meat and milk than by vegetable food of 
any kind. Where, therefore, cereals arc em- 
ployed — we especially refer to wheat, oats, barley, 
maize, and rice — the ration should l)e supple- 
mented, especially in the case of chickens in- 
tended for laying, and thus raising to adult age, 
by bone supplied in one of its various forms. 
Here we would point out that bone should be fresh 
and unboiled. Bone contains two materials which 
are of great value to poultry — phosphate of 
lime, as essential in the construction of bone 
as lime in the construction of the shell of the 
the albuminoid matter which we will 
describe under the general term of protein, which 
is extracted by boiling, and which is the valuable 
constituent produced in the kitchen as the 
foundation of stock for soup. Boiled bones, there- 
fore, should be avoided, and for a similar reason 
many brands of bone-meal or ground bone. 
The wisest plan is to obtain a crushing machine, 
which is now especially made for poultry -keepers, 
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and to break up into fine pieces bone fresh from 
the butcher. If bones are used with liberality, 
birds which are confined to pens or runs will need 
no special provision of materials containing lime 
for the manufacture of the shell, which weighs 
about 10 per cent of the whole egg. 

The Laying Hen Needs Lime. It 
has been shown by careful demonstration that 
under ordinary focKiing conditions, the birds 
being kept in confinement, only abput one-tenth 
of the lime in the eggshell was accounted for as 
having been obtained from the food, the remain- 
ing nine-tenths being extracted from materials 
chiefly composed of lime. It need hardly be 
suggested that the laying hen requires lime in 
much greater abundance than the chicken or the 
non-laying hen, ^and the remark equally applies 
to phosphates. It is found in practice, however, 
that all classes of poultry thrive better upon food 
which is rich in phosphates ; hence, again, the 
importance of milk, bones, of meat, and of every 
class of food which is rich in these materials. 
Laying hens require about one ounce of fresh 
cut bone or meat daily, allowance being made 
for their size. 

And here, again, it is essential to refer to the 
supreme importance of careful observation on 
the part of the feeder. In daily practice flocks 
of poultry arc fed alike, almost without discretion, 
wliercas both common -sense and experience 
suggest that not only size, but age and individu- 
ality demand special attention. Hens which 
have ceased to lay owing to age, weather, or 
moulting should not be fed upon the same 
ration as young birds which are laying. Large 
hens require more food than small hens, but for 
maintenance they require less per pound of live 
weight. In practice wc have found that hens 
of average size require a quarter of a pound of 
heavy grain, such os maize, wheat, or barley, or 
its equivalent daily. This, equal to some 4 oz., 
experimenters have found to be almost precisely 
what laying hens require for the provision of 
heat, repair of waste tissues, the exercise of 
energy, and the provision of the egg. If we sup- 
pose that an egg laid by a good-sized hen con- 
tains 2 oz. of feeding matter, about three parts 
of which is water, it follows that the food con- 
sumed must provide for the elaboration of half 
an ounc(i of dry matter, which chiefly consists of 
yolk — largely oil — and albumin. 

Heightening the Colour of an Egg's 
Yolk. There is every reason to believe that 
food is not accountable for the delicious flavour 
of the yolk of the eggs laid by certain hens, 
which resembles that of the guinea fowl, but that 
it may bo perpetuated by selection in brooding, 
and by this process only. On the other hand, there 
is equal reason to suppose that the colour of the 
yolk is influenced by the food consumed — thus, 
where hens are deprived of green food, and 
especially of grass and clover, the yolk is often 
pale, whereas the yolk of hens at liberty in green 
fields is usually high in colour. Essential as green 
food is to hens, it is important to remember 
that they should not be allowed to consume too 
large quantities in place of grain or meat. The 
system of the hen demands food of a conoentrated 
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character, hence the importance of relying 
chiefly upon those foods which are usually sup- 
plied. The food consunied having been softened 
in the crop, is practically masticated, or very'j 
finely ground, in the gizzard, and, by the aid of 
the digestible juices, quickly assimilated, and, 
after providing for maintenance, converted into 
meat or egg. 

The Albuminoid Ration for Poultry* 

The student of poultry feeding will do well to 
refer to the remarks on the albuminoid ration, 
page 2700, in which the principle of supplying 
the constituents of food in accordance with the ' 
requirements of the animal are explained. We 
need, therefore, merely point out that the ’ 
nutritious matter of food is divided, minerals 
apart, into three groups — the fats or oils, the 
carbohydrates, chiefly starches and sugars, and 
the albuminoids (protein), which alone contain 
nitrogen, and which ore therefore alone respon- 
sible for the production of the albumin of the 
egg, and the muscle, and other loan or nitrogenous 
parts of the carcase. In practice it is found that 
a ration composed of one part of albuminoids 
and five parts of carbohydrates and fats is 
followed by the best results.^ The method of 
calculation will easily be understood if the 
chapter we have referred to is carefully read, 
and if reference is made in the preparation of a 
ration to the anal3rtical table which accompanies 
it. The foods which are rich in albuminoids, 
and which are chiefly used in feeding poultry, 
are meat, bone, peas, beans, lentils, malt coml», 
bran, linseed, cotton-seed meal or cake, clover, 
lucerne, vetches and sainfoin, the two latter 
being either green or dried. 

Fats and Carbohydrates. The foods 
rich in oil or fat include linseed, linseed cake, 
decorticated cotton cake, the fat of meat, and, 
on a smaller scale, maize and other cereals, the 
best ricemeal, and maize germ meal. Foods rich 
in starch and sugar are common enough, and 
their employment may be almost essentially 
regulated by the market price. They include 
wheat, barley, oats, maize, rice, dari, buckwheat, 
groats, oatmeal, ground oats, fine sharps or 
middlings, sometimes described as toppings or 
fine dan. 

Oatmeal and groats, together with the ground 
oats Ol Sussex, in which the husk is finely 
ground with the kernel, are valuable for 
chickens, especially when supplemented by 
fine-cut bone and mixed with now or skimmed 
milk ; and here we may add that new milk 
is not only rich in fat, but especially ricli 
in albuminoid matter, and highly adapted, 
either as a drink, or supplied in the form of curd 
to the feeding of chickens of all ages. Similarly, 
skimmed milk, although deprived of its fat, is 
rich in albuminoid matter, and is of great value 
when employed for mixing the various meals into 
paste, especially the cereal meals which are so 
deficient in albuminoids. The same remark 
applies to potatoes, which, rich in starch, 
although a bulky food, owing to their large 
percentage of water, are rendered much more 
valuable for feeding adult fowls when similarly 
mixed with skimmed milk and pulse meal. 



Some Typical Rations and their 

Cost. Nq Englishman has accomplished bettor 
work in th,e poultry industry than Sir Walter 
Palmer, of Reading, who some few years 
ago established a poultry farm near Winkfield, 
in Berks, on soil which, chiefly pasture, consists 
of fairly stiff clay. Reference is warrantably 
made to the system of feeding, owing to the 
success which has attended the work, and which 
was shown for the first three years in published 
balance-sheets. A ration consisting of 1 lb. each 
of pea-meal, cracked maize, potatoes, and meat, 
.3 lb. of biscuit meal, and 2 lb. of swedes, the 
whole costing fivepence, sufficed as an autumn 
morning food for seventy hens, each bird thus 
receiving 2 oz. of food. ']''he potatoes and 
swedes were steamed, the meat — horseflesh, 
costing a halfpenny per lb. — being added later, 
and subsequently the maizt\ The second meal 
consisted of 10 lb. of wheat, costing 8d. — ^this 
grain being steeped during hot weather — or 
heavy oats, these foods being distributed on the 
grass, or scattered among straw during hard 
frost, to induce the birds to exert, and thus 
warm, themselves in finding it. During autumn 
and winter the two rations practically cost IJd. 
per bird per week, or IJd, where grit and lime 
rubbish, both being purchased, were added. 
The cost during the summer months was slightly 
less. During summer, when insect life is 
abundant, and when grass, clover, and other 
herbage are young and sweet, hens at liberty, like 
chickens, find a large proportion of their food. 

Food for Very xoung Chickens. In 
the arrangement of the feeding of chickens, no 
food is supplied during the first twenty-four hours 
by Sir W. Palmer’s manager. The first food 
provided consists of breadcrumbs, fine oatmeal, 
and boiled eggs, followed next day by coarse 
oatmeal, boiled rice mixed with toppings, buck- 
wheat, and broken wheat. Such is the ration 
supplied during the first fortnight, after which 
meat is added, and fine bone-meal mixed with 
the soft food. It was found by observations 
made in February, when feeding the chickens in 
a rearing house, where the only food consumed 
was that supplied by hand, that 28 youngsters, 
8J weeks old, consumed in one day 1 1 oz. of 
bruised oats, 14 oz, of rico, bone-meal, oatmeal 
and milk, 10 oz. of broken wheat, and 12 oz. of 
buckwheat. In another case, 32 chickens, 6J 
weeks old, consumed 34J oz. of the same foods, 
chiefly bruised outs, while 23 chickens, 24 weeks 
old, consumed in the day 7J oz. of bruised oats 
and 2 oz. or rice, bone-meal, oatmeal, and milk. 

In feeding chickens intended for the table, 
between March and June, the system already 
^referred to is followed by a course of thsee weeks’ 
feeding in pens. At first the birds receive 
ground oats, toppings and skimmed milk. This 
prelifuinary feeding is followed by cramming 
with the same foods, to which J oz. to J oz. of 
fat per bird is added per day. Sixty-four birds 
fed by the aid of the cramming machine on a 
particular day in July, when fat was not being 
supplied, consumed in the morning 20 lb. of 
milk, 121b. of ground oats, and 31b. of toppings; 
and in the evening, 18 lb. of milk, 10 lb. of 
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ground oats, and 3 lb. of toppings, or 28 lb. of 
solid and 38 lb. of liquid food, practically 1 lb. 
per bird per day, scarcely one half of which was 
solid food. The value of this food, estimating 
milk to cost 4d. per gallon, the oats Id., and the 
toppings }d. per lb., was thus 3s. O^d., or less 
than £d. per bird per day, or lOJd. per bird 
during the 14 days of cramming. 

An Example from the United States. 
It wdll be equally instructive to take an example 
from the United States, where poultry feeding is 
now conducted on an extensive and especially 
practical scale. Frofessor Jordan, remarking 
on this case, points out that a day’s ration for 
800 to 1,000 chickens in their second week, 
consisted of 4 lb. of eracked vrheat, 2 lb. of 
oatmeal, 3 lb. of maize meal, J lb. each of 
buckwheat and wheat middlings, ground oats, 
and linseed meal, 2J lb. of animal meal, and 
2| lb. of lucerne. For ducklings of three 
weeks old a ration consisting of 8 lb. of maize 
me.al, 3 lb. of middlings, 2 lb. each of barley, 
linseed meal and fresh bone, fl lb. of animal meal, 
and 3 lb. of green lucerne, might be similarly 
supplied, the birds being at liberty, and finding 
grit and lime rubbish for themselves. 

We will now give a list of the foods which are 
especially suited to poultry. 

Wheat. Wheat is a grain suitable for 
chickens on account of its size and its nourishing 
character, but, Ix'ing deficient in oil and albu- 
minoids, it should be given only occasionally. 
Tail wheat— that is, the small and broken grains 
removed from the bulk in the process of dressing 
for market — is most suitable, bearing the price 
in mind ; but farmers, as a rule, prefer to keep this 
for the use of their own poultry. 

Barley. Barley is also especially valuable, 
although, like wheat, it is deficient in both albu- 
minoids and fat ; but plump samples, especially 
as regards the price, are less valuable than 
smaller grain, which contains proportionately Jess 
starch. Tail barley, obtainable from farmers, is 
therefore suitable, but foreign barley, which is 
largely composed of husk, it is not advisable to 
buy, although this forms a very large portion of 
the composition of barley meal. When barley 
meal is used, it is preferable to buy the barley 
and have it specially ground. We know from 
actual demonstration that the barley meal of 
commerce is sometimes composed of the grind- 
ings of other grain, weed seeds, and refuse 
extracted from com of various kinds in the 
process of dressing in the mill. 

Oats. Oats are richer in fat than either 
barley or wheat, but are also deficient in albu- 
minoids. The oat is, however, belter balanced, 
especially where the sample is not too heavy, 
and consequently rich in starch. This grain is 
bett-(ir supplied in the form of oatmeal or groats 
for very young chickens ; or of ground oats, 
especially as prepared by Sussex millers, for 
chickens of larger size and for adult fowls. 
Oatmeal is slightly richer in starch and poorer 
in fats and albuminoids than the oat grain. 
It is, however, an esiTecially good food. 

Maixe. Maize is now supplied in various 
forms through its by-products ; the grain is 
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richer in oils than either of the cereals already 
mentioned ; it is extremely rich in starch, but 
comparatively poor in albuminoids, and is not 
adapted for young chickens, except when cracked 
and given occasionally, or as a regular food for 
adult fowls, and the remark equally applies to 
maize meal. The germ of maize, however, 
although less palatable, is richer in albuminoids 
or muscle-fonning matter, and extremely rich 
in oil, and may he used as an addition to those 
mixtures of meals which are poor ill oil. The 
actual genu of maize contains 21^ per cent, of 
protein or albuminoid matter, .34 per cent, of 
starchy matter, and 29 per cent, of fat. The 
germ consists of about 10 parts of the original 
grain, the skin about SJ parts, and the starchy 
matter and harder parts 84 .J per cent. A material 
known as gluten meal, produced from maize, 
while containing about 50 per cent, of starchy 
matter, also contains 33 i>er cent, of protein; 
while an American food, knoum as gluten feed, 
contains slightly less protein and a similar quan- 
tity of starchy matter, but considerably more fat. 
These foods, although rich, and useful in con- 
sequence, are not altogether palatable to stock, 
but they may Ix' employed in mixtures which are 
spiced, and so rendered agreeable to the birds. 

Rice. Rice is a food which is so poor in fat 
and albuminoids, and so rich in starch, that it 
should l>e given in conjunction with a food like 
skimmed milk, in which it is best boiled or 
soaked. Rice meal, however, unlike the naked 
grain, is rich in oil, w'hile it contains 50 per cent, 
more albuminoids than the whole grain and a 
smaller proportion of starch ; for this reason, if 
pure, it may l>e employed with advantage, but 
care is nmled in its selection. 

Buckwheat. Buckwheat is a grain much 
relished by chickens, although it is not equal to 
the Ix^st cereals, being especially poor in oil and 
albuminoids, but it affords a useful change. 

Dari. Dari, which is often given as a change 
food for small chickens, is rich in starchy matter, 
but relatively poor in other feeding constituents. 

Ground Food. Of the various forms of 
ground food or meal, we may especially refer to 
fine middlings, sometimes known as toppings or 
dan. The true sample should be floury, and 
mix into a good paste, for there are various 
brands of sharps and shorts which arc chiefly 
composed of the husk of the wheat grain. This 
food, mixed with skimmed milk, is excellent, 
and may be frequently used with advantage. 
Bran is sometimes us(*d as a food for poultry, but 
it is not economical when it costs more than £5 
a ton. A good sample is well balanced, except 
for the small quantity of fat it contains. Pea 
tneaL Avhich is rich in albuminoids, like lentil 
meal and bean meal, is useful for mixing with 
foods which are rich in starch, but these foods 
should lx> used in comparatively small quantities. 
Decorticated cottonseed meal may bo similarly 
employed when it lx>comes necessary to raise the 
fat and albuminoid percentage of a ration. 
Crushed linseed cake may be employed in the same 
way; it is an exceptionally rich food, though much 
more costly than the majority of poultry foods. 


Qrpen and Dri^d Foddara. Green 
and dried fodders, such as lucerne and clover 
heuds, are always useful. They may be given 
to birds which are in confinement fresh in summer 
and dried in winter, having been plucked from 
the stalks for the purpose, for it should be 
remembered that as poultry require food in a‘ 
concentrated form, the dried stalks are better 
removed, these being much less nourishing. 

Roots. The potato is sometimes given to adult 
fowls, but owing to its large percentage of water 
(nearly 77 per cent.), and the fact that the residue 
is chiefly starch, it should be mixed after cooking 
w'ith a small quantity of skimmed milk and a 
meal rich in albuminoids, such as that derived 
from peas, beans, lentils, cotton-seed, or linseed. 

Roote such as mangels and turnips have 
little feeding value, hut they are much relished 
by poultry, and a bulb cut in halves and placed 
in the run where birds are confined will assist in 
maintaining a healthy condition, and practically 
take the place of ordinary green food, such as 
cabbage or lettuce. 

Moat and Fiah Foods. With regard to 
meat and fish foods, a variety of which are on 
the market, it may ho mentioned that animal 
meal sometimes employed by poultry keepers 
is extremely rich in mineral matter, of which it 
contains over 30 per cent., with 35 per cent, of 
protein, and 12 per cent, to 13 per cent, of fat. 
A useful form of moat meal contains a very small 
percentage of mineral matter, but 70 per cent, 
of protein, and a similar proportion of fat, while 
dried blood contains 34 per cent, of protein and 2J 
per cent, of fat ; this, however, is not rich enough 
in minerals. On the other hand, a dried fish food 
contains 30 per cent, of mineral matter and 48 
per cent, of protein, with a small quantity of fat. 

Milk and Its Products. Foods prepared 
from milk are of the greatest value to the poultry 
keeper, whether for the feeding and rearing of 
chickens or of adult fowls. Rich milk contains 
some 3J per cent, to 5 per cent, of fat, over 3J 
j)cr cent, of casein, and albumin, both of which 
are proteids, and from 44^ per cent, to 5 per cent, 
of sugar. When deprived of its fat, the propor- 
tion of sugar and proteids is slightly increased, 
while the cost price is immensely reduced. 

Whey, the residue of the cheese-room, only 
contains a small quantity of protein, but about 
5 per cent, of sugar. New, or full milk, may be 
used for chickens to drink, or for mixing with 
their meal, while skim milk may be employed 
in the preparation of any form of iioste, and thus 
for mixing with dry meals for fowls of all descrip- 
tions. . Tlic best method of suppl 5 nng milk food 
to chickens is in the form of curd. A small 
quantity of rennet in a little water is added 
to milk at about 85° F. Having coagulated, 
the curd is drained — the surplus water is 
removed to a very large extent — ^until it* is 
sufficiently solid to handle and to break up and 
distribute to the birds. There is no food so 
valuable as curd prepared from new milk, nor 
one better adapted to secure the rapid and 
healthy growth of young chickens, who may 
receive it until they have reached adult age. 
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THE TRUMPET 

By John Solomon, A.R.A.jNI. 

Of trumpets there are six recognised varieties. 
First we have the “ Bach,” expresslj’^ employed 
for that master’s works ; secondly comes the 
slide instrument, rarely used nowadays ; thirdly 
we have the C trumpet, identified with French 
concert orchestras ; fourthly there is the B 7 
model, employed in German and English orches- 
tras, besides military bands ; fifthly there is the 
E I? trump<^t, requisitioned for cavalry bands 
and other military purposes ; lastly, for the 
concert platform, the coming instrument in this 
department is the trumpet in F. Whether for 
tone-qualities or facilities in manipulation, it 
surpasses in excellence the other varieties. 
From C, second space bass clef, to G, above treble 
staff, it produces a true chromatic scale. Beyond 
this range other notes can be articulated, but 
they are rarely written for by composers. 

The F instrument thus has a compass of 
two octaves and a fifth. Tlie length of brass 
tubing of the trumpet in F is about 68 in ; 
without the F crook it is 72 in. in width. It 
is provided with three pistons. When these are 
pressed down and no crook or slide is employed, 
the first valve opens up about 10 in. of extra 
tubing, the second approximately 6 in., and the 
third about 14 in. These valves are fingered 
either singly, in couples, or all together. Only for 
the C;**, second space boss clef, are the three 
invariably pressed down. Lowering the first 
piston transposes the open sounds a whole 
tone, the second transposes them a semitone, 
and the third a tone and a half. 

The Mouthpiece. The mouthpiece has 
an important influence on the tone ; it therefore 
merits consideration. The 
shape of the rim, cup, and 
^ bore each has a material effect. 
jjJ If the rim is too narrow, it is 
'll apt to cut the player’s lip and 
" fatigue him quickly. It should 
never be less than in, in 
diameter. The bore must be 
hemispherical. If too 
deep, high notes will be 
awkward to obtain. 

There is no standard 
pattern for depth, no 
two players having 
identical lips ; the J in. trumpet 

generally suffices. From the cup, the bore 
augments in diameter, so as to fit the tubing 
of the instrument. Medium gauge of bore should 
be chosen by the student, although certain 
lips get a better effect from a small gauge, whilst 
others excel with a large one. If, however, the 
bore is too large, upper notes become difficult, 
whilst if it is too narrow, the low notes suffer. 


Tone Delivery. The French term for 
mouthpiece is “ embouchure ” This word is 
applied in English to indicate the method of 
blowing or the efficiency of the lip. In their 
natural state, a beginner’s lips are helpless at the 
trumpet. Their nerve-sense has to be specially 
trained. This is only possible by constant 
practice, until the ganglions are so cultivated 
that the nerve -fibres respond instantly, by con- 
tracting or expanding, at the will of the player. 
Ordinary soft lips cannot give a true embouchure. 
The process of strengthening necessitates perse- 
vering study. To produce a musical sound from 
the trumpet, slightly part and draw back the 
lips without distending the cheeks. Place the 
mouthpiece of the instrument against the lips, 
covering more of the upper than the lower 
labium. 

Avoid pressing the mouthpiece on one side 
of the mouth. Some beginners form their em- 
bouchure in this way. It not only looks 
bad, but should be avoided for other reasons. 
The proper place for it is at the centre of 
the lips. Press the mouthpiece gently. With- 
out removing it from the bps, draw in the 
breath at the comers of the mouth. The 
first note obtained should be C, first ledger 
line below staff, treble clef. To produce that 
tone correctly, withdraw the tongue slightly 
from the lips with a quick movement, as if 
expelling a particle of fluff from the tongue-tip. 
For this note no pistons should be used. If the 
blowing is done judiciously, a displacement of 
the air will be caused, and the correct sound 
result. Practise this C several times. Try to get 
it more and more distinctly. Gradually, os the 
lips strengthen themselves, so will the tone 
improve. 

The Harmonic Scale, In the F trumpet 
there arc eleven open notes, or natural har- 
monics, as in Example 1. 

Hero the sixth note is flat and the tenth 
sharp. By the use of the first piston these sounds 
come in tune with the others. Other notes are 
obtainable, but are not required in written parts. 

For the purpose of 
altering the key in 
which a piece is printed 
curved tubes are in- 
serted into the tnim- 
pet. These are called 
crooks. According to 
their length, so are they lettered. First 
we have the F crook, 4 in. long ; secondly 
there is the E J ; thirdly, the E 7 ; fourthly, 
the Dr, followed by the Di?, C, B, B!7, and A. 
Each one thus descends half a note at a time 
from the F, an extra length of tubing being 
added and coiled, for the sake of convenience, 
oblong fashion. In all, there are ten crooks 
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written for by composers. The D!7 and Bij 
crooks are rarely used, and the majority of them 


Ex. 1. 




are seldom employed, since the player finds it 
more easy to transpose without their aid. The 
student should therefore learn to play with 
the F crook only, transposing the musie by 
means of the pistons when other erooks are 
indicated. This is the safest plan. The only 
crooks usually made, therefore, are the F, 
E|}, El7, and D. If those for other keys 
are required they have to be manufactured 
specially. 

Valve Mechanism. Valves, or pistons, 
were unknown before the year 1814. Prior to 
that time the trumpet was simply a coiled tube 
enlarged at the bell -end. Towards the close of 
the eighteenth century a slide was added to the 
trumpet, working in a reverse direction to that 
associated with the trombone, being drawn 
towards, instead of extended from, the player. 
Nevertheless, a good chromatic scale could not be 
produced. The slide was insufficiently long to 
give the low AJJ, Af, and Cjf. Ff, also, was 
too sharp. Nowadays, instead of the slide, we 
have three pistons. \^en pressed down separ- 
ately or together, these are capable of rendering 
a perfect chromatic sequence. Each piston gives 
parallel harmonics to those sounded when no 
piston is employed, the same notes being heard 
but in a different key. A similar effect results 
when the pistons are combined, whether the 
first and second, the first and third, the second 
and third, or all three are put down together in 
order to lengthen or shorten the passage of air in 
the tubing. With the first piston down, the 
series already given is reproduced, but lowered in 
pitch a tone. Instead of F, the key thus becomes 
E b, and the sixth and tenth degrees need correc- 
tion in the same way as when the open harmonics 
M ere sounded without using the pistons. Releas- 
ing the first and depressing the second piston, the 
same series, as the air-column is shorter, becomes 
a semitone higher. So the natural key is now 

Ex. 4. 


E, with four sharps. If only the third piston ' 
is pressed down, the tone is lowered a third 
from the open series. The key is, therefore, D t|. i 

These results should be understood clearly, as 
they introduce the subject of transposition. So 
the* beginner must bear in mind that the 
trumpet, when open, is in F ; when the second 
piston is down it is thrown into E ; that the 
first makes it E t?, and the third D. Pistons 
are here, it will be seen, taking the place of 
crooks. 

Slurring and Phrasing. Slurring im- 
plies, when playing on a wind instrument, 
making the sound glide from one note to another * 
without fresh impetus from the tongue. This 
effect is indicated by a curved line above or 
below notes required to be linked in such a 
manner, as in Example 2. 


Ex. a 



When a slur is not marked, notes, in trumpet 
playing, have to be tongued, as already 
descrilS)d. For the beginner, difficult intervals 
to slur, whether open or with pistons, are 
thirds, fourths, fifths, etc., as in the following 
example. 


Ex. 8. (a) (ft) 



For them, therefore, special practice is needed. 
Phrasing comes almost under the same head- 
ing in performance as slurring. The difference 
is that the student must understand the correct 
moment for taking a breath when rendering a 
musical sentence. Those places are shown by 
commas in Example 4. 

It will be seen here that a slur is included also 
in each phrase. If these slurs were omitted, 
all the notes would have to be tongued. This, 
in solo playing, would give a rough and staccato 
effect. Another way of writing a phrase con- 
taining a slur is shown in Example 5. 



Ex. 5. 
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The curved line above each of the two bars, 
connecting the notes, implies that the tongue 
must not be used too freely. The phrase will 
be broken up if breath is taken at other points 
than those marked. As regards the slur placed 
under the notes, those not so linked must be 
tonguei as shown in Example 6. 

Tranapoaing. To the beginner, one of the 
first puzzles is to reconcile a note indicated in 
the written music with a different note sounded 
by the trumpet. Thus, G, written on the 
second line treble clef, played on a B !? crook, 
transposes itself a fifth lower to middle C, as do 
all the other notes when that crook is indicated. 
If the F trumpet is crooked in E f, the 
same written note, G, when played, becomes F 3, 
a semitone lower, an effect more conveniently 
given by depressing the second piston. If the 
notation indicates an E!? crook, the player — 
or the instrument — transposes a note lower. 
The G then becomes FlJ, and so on. Should 
the part be marked in D, it must be transposed 
a third lower. As we have shown, each succes- 
sive crook lowers the pitch half a tone down to 
A t. The best way to learn to transpose trumpet 
music is to take a scale and start in F. With this 
F crook, practise an octave in C major, putting 
down the first and second pistons on the second, 
fourth, sixth, and seventh degrees, thus : 


7. (F Crook). 



If those notes were preceded by the words 
“ E crook,” that would necessitate transposition 
a semitone lower, when the sounds would Ijc 

Ex. 8. 
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Thus, the scale becomes B T- The occur- 
rence of five shaqjs may make transposition 
appear difficult. To put the crook into 
would make it extremely difficult to transpose 
quickly. It would bring all the notes into 
flats, so this is better left alone and the 
E that is written for only used. If the 
same part is marked “Eb crook,” the notes 
have to be transposed a tone lower from F. 
Thus, the starting note, originally C, becomes 
Bt?, and that key has two flats. When the 
D crook is indicated, transposition likewise must 
be a minor third lower ; with the C crook a fourth, 


B7 crook a fifth, and the Afl crook a fifth 
and a half, or minor sixth, lower. Although 
an exceedingly awkward transposition, the latter 
is frequently employed by modem English and 
Bussian composers. British musicians often 
write for the trumpet in B!? and Afc, 
because there are few F trumpet players and 
many B !? performers. This not only saves the 
latter the trouble of transposing, but keeps parts 
from being disfigured with transposition marks. 
The F trumpet student is advised at first to 
practise perse veringly very low scales. In this 
way he con familiarise himself with transposing 
the music, using the pistons according to the 
indications for the different- crooks. The scale 
of C will soon become familiar in every key if he 
does this. Then he should take a short, easy 
exercise and practise it in the same way. Next-, 
he is recommended to get an oratorio trumpet 
part and transpose that also into the different 
crooks. With average ability, in a short time the 
result will be satisfactory. We give, as an illus- 
tration of such simple transpositions, a few 
bars on open notes only [Example 91. 

To transfer these sounds from F into E&, 
depress the second valve. This lowers the pitch 
equally half a tone. The effect, therefore, is 
as shown in Example 10. 

The same passage “ crooked in Eb,” a note 
lower than F, would liegin on DjU. There- 

instance all the notes were open, the same 
sequence will now be obtained. But the D 
(written on the fourth line) sounds flat with the 
first valve down, and the effect is better open. 
As it is then the natural open C on the F trumpet, 
it follows that it must be in tune for the D 
crook. Now try the crook in C. Begin on 
Bjl, and transpose a fourth lower. For this 
series the piston must Ije used, otherwise 
the notes will not be in tune, and will sound 
too sharp. 

For the Bb crook, transpose a fifth lower, 
beginning on At[. The student will find the 
study interesting if he tries short exercises in 
the same way. 

Exercises. So far, not many tutors have 
been published for the F tnimnet, as its beauties 
have hitherto not been fully appreciated. The 
exercises on the next page give, first, the 
fingering of the entire range of the chromatic 
compass, fiats in descending being manipulated 
in the same way as sharps in ascending 
I Ex. 11]. It is of great importance, in 
order to get smoothness and the ability to 
sustain the tone of the instrument, that slow 


Ex. 9. (InF). 
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and thirds, which can be extended 
higher up and lower down the compass. 
With its sharpened F’sEx. 14 indicates 
the key of G major. Ex. 15 deals with 
fourths, Ex, 16 with fifths, which, 
although unmusical when blown con- 
secutively, are useful to be fthle to 
attack at sight without hesitation. 
Ex. 17 gives sixths, Ex. 18 sevenths, 
and Ex, 19 is an octave study. Of all 
intervals, that which separates eight 
notes is the most interesting, since it 
represents the most perfect consonance 
in music. In painting, it is as if one 
saw a picture side by side with an exact 
facsimile reduced to half the original 
si ze. The tone-relationship of the hi gher 
and lower sounds arc the same, but the 
vibrations, owing to the greater force 
of the breath, aie more rapid in the 
octave above than in that below. 


Ex. 14 
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scales should be practised 
carefully every day. Although 15. 
the beginner will not, of 
course, be able to negotiate 
extremely low or high notes, 
these will not present so 
much difficulty when the em- 
bouchure has been strengthened 
by diligent study. Ex. 12 can 
be fingered by reference to 
Ex. 11, and extended an 
octave higher by blowing 
with a firmer lip. It is 
merely the normal diatonic 
scale, and should be trans- 
posed into other keys. To 
acquire facility in the accurate 17 
articulation of any sound 
which occurs in a" musical 
phrase when reading at sight, 
constant exercise in the prac- 
tice of intervals is essential. 

Here Ex. 13 deals with seconds 

c. 18. 
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THE CORNET 

By John Solomon, A.R.A.M. 

The cornet-k-pistons, introduced about the 
year 1850, are now common to all military and 
brass bands, as well as concert orchestras. The 
comet differs from the trumpet, not alone in 
appearance but in tone, its tubing being of wider 
gauge, and conical rather than cylindrical. It is 
usually modelled in B 9. Comets are also made 
in C, Wt are only purchased by amateurs, to save 
transposition when accompanied by the piano. 
The instrument is of brass, the length of the tube 
being about 54 in. This gives the natural 
harmonics of B*?. 

The comet is provided with three pistons. 
These, as in the tmmpet, lower or raise the pitch 
of the open notes according to the way they are 
employed. When the first piston is depressed, 
it transposes the open G, second line treble clef, 
a tone lower, to F. If the second piston is put 
down alone, the G is transposed half a tone, to 
Qt^ orF#, The third piston, by opening up 
more tubing, lowers the G an interval of a third, 
to Bi!]. The tone of the comet is pleasant 
if not overblown , as in very loud pi aying. Owing 
to such a tendency, the instmment has received 
a bad name. Nevertheless, an artist can make 
its quality expressive and most delightful to the 
ear. Although the comet can bo made to sound 
in a way closely resembling the orchestral 
tmmpet, there is, as a mle, a vast difference 
between the effect of the two instmments, on 
account of the dissimilarity in their tubing. To 
begin with, the B > cornet is pitched a fourth 
higher than the F tmmpet. 

But when crooks are placed on the latter 
instmment to lowei* the tone, this sounds more 


this is once obtained, no after-adjustment will be 
necessary, as is the case with reed instrument 
players. 

Tone Production. Tlie method of pro- 
ducing sound from the cornet is the same as that 
for the tmmpet. The first note to be obtained 
without touching the pistons is G, second line 
treble clef. Tlien get the C below the G and the 
octave C above. Sustain such sounds whilst 
mentally counting four very slowly. The other 
open harmonics should then bo practised. When 
the open notes can be product with ease, the 
pistons may be used. Try them singly at first. 

Putting down the first piston, get tlie F, first 
space treble clef, clearly. Then sound B7 
on the third line above. Follow it by the octavo 
B? below, and so on. In the same way obtain 
the harmonics from the second piston only. 
When these have been accomplished the student 
will be able to play the scale of 0, using the 
pistons. What is known as the embouchure 
(described in the article on the Trumpet) signifies 
the flexibility and power of the lip in eliciting 
any sound required. Having acquired the ability 
to play the scale in (,% if other scales together 
with exercises are regularly practised, the lip 
will strengthen gradually, and a good embouchure 
result. Avoid distending the cheeks. 

Natural Harmonica. Owing to the air- 
column being shorter than in the tmmpet, the 
comet has a more limited compass [Example 1]. 

Except by great soloists — and then only for 
show purposes — the fundamental harmonic, or 
bottom C, is never used. Again, No. 1 (B9) is not 
fingered as an open note, its effect being better 
when played with the first piston down. The 
extreme harmonics, Nos. 9 and 10, are seldom 


mellow, owing to the length of the air-column. employed. Exceptional players, however, get 
On the other hand, as the shorter tubing of even higher sounds than these. But the normal 
the comet produces a tone of a higher compass of the cornet is from F tf, on third ledger 
pitch, it is brighter and more brassy. 8o line below treble clef, up to C, on second ledger 
the tmmpet, if made above the key of F, line above the staff. Only on rare occasions is 
would lose its proper character through shorten- the D above required. 

ing the air-column. Be careful, when pur- Shanks. In place of the crooks on the 
chasing an instmment, to see that it is free from tmmpet, the comet has two shanks. These are 

faults, such os, usually, cracks, bad corks, in B!7 and Afl. An A'^ crook waa formerly 
wrong springs, or leaky valves. used, as well as a G crook. These 

The Mouthpiece. Much ttt obsolete. As the cornet 

depends upon the sha^ of the modelled in B^, the B!> shank 

rim, cu^ and bore of the mouth- can scarcely be called an addition, 

piece. The rim should neither be (I ^ It is a part of the instrument, but 

too "mde nor too narrow ; medium ita use is convenient. It saves th© 

size is best. The cup must bo player’s face coming in contact 

conical but not shallow, like the cornet [Mahiiion aco.] with th© body of the instmment, 

that for the tmmpet. When Without this shank, the comet 

bu^g an instmment, fry several mouthpieces, would be nearly half a note 8hari>er in pitch, 
and get that most suitable. At first there The A shank, being longer, transposes the in- 
may be some (fifficulty in this. If the rim stmment half a tone. Middle C, when the B 7 
is not plated, it must be kept scmpulously shank is adjusted, thus gives B^^ on the piano, 
clean. Before putting away the comet, always The same note, with the A shank, sounos AJ 
wipe the mouthpiece carefully. See that there on the keyboard. Flat keys are generally played 
ore no green spots on the brass. If they appear, most easily with the B * shank, and sharp keys 
they are oaus^ by verdigris. Should the lips when using the A t[ shank, 
be sore, the result may be serious, and it is far Valve Mechanism. The use of pistons 
wiser to purchase a plated mouthpiece. When came in about the year 1814. In 1832 an instru- 
once simple notes can be obtained with ease on ment appeared called the stop-trumpet, or 
the mouthpiece selected, practise steadily with cornopean in Bb. This gave the natiral har- 
it until the lij>s form a good embouchure. When monies. It had three valves, or pistons, and the 
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power of kYwering Uie open notes six semitones, as 
in the valve tmmpet. To-day the first piston, 
when pressed down, transposes a whole tone, 
the second a half-tone, and the third lowers the 
open sound a third. Yet this is not always the 
case. For example, certain notes in Example 2 
can be obtained by pressing down the first 
valve. 

The notes bracketed on the sixth and eighth 
degrees, not being in tune, are better produced 
when the is fingered with the second and 
third pistons together and the C is played as an 
open note without touching the pistons. When 
the second valve is lowered, the scries shown in 
Example 8 results. 

Here, QH and 0#, not being in tune, are 
fingered respectively by use of the second and 
third and first and second valves. When the 
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2nd and 3rd Fingers. * k. ^ A. V 
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shown are possible, but as, aftei* the first three 
are obtained others are not in tune, it is 
better to finger these in the way marked in 
Example 5. 

When the first and third pistons are depressed, 
the notes indicated in Example 6 can be sonnded. 

Here, again, edter the first two, the others are 
better fingered in the usual manner. When 
three valves are pressed down, the hannmiic 
series shown in Example 7 is obtained. 

As will again be seen, only the first two notes 
in this sequence are satisfactorily produced by 
all three pistons. The others should be finge^ 
as mark^. In the next example, as a guide 
to die student, we show the entire chromatic 
scale, or series of notes elicited from the emmet. 
Fiats, in descending, are fingered as are the 
sharps in ascending. The five highest notes 
are seldom required. Neverthe- 
_ ZI less, we give them, since modem 
composers think little of toes^ 
passing beyond the recognised 
compass. Beginners, homver, 
should not, in playing, venture 
beyond the top C [Example SJ. If 
th^ do they may injme their lips. 
Slurring and PhrMing. 

S As the comet is a solo instru- 
ment, correct slurring and phras- 
ing upon it are even more im- 
portant than in trumpet playing. 
As explained under Trumpet, a 
slur is a line placed over or under 
certain notes, linking them to- 
gether, BO that they are rendered 
smoothly [Example 9]. 

When a song is adiq>ted as a 
comet solo, study Ih'^ words. If 
these are understood and remem- 
bered. tho slurring will be assisted, 
and the piece performed as it 
would bo sung, the player taking 
breath and {^rasing in the same 
way. Slurs on open notes, as also 
those given by valves, will be 
found difficult at first. Especially 
is this the case with intervais 
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Ex. 6, Ist and 3rd Fingers. 
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third piston is lowered, the sounds indicated in 
Example 4 can be obtained. 

In this series, four notes need tempering. By 
the alternative fingering indicated tliey are 
produced correctly. When the second and third 
pistons are pres^ down, the eleven sounds 
5442 ' 


Example 10. 

For the mastery of such diffi- 
culties, several weeks may be 
necessary, but unremitting prac- 
tice will overcome them. Every 
fresh slur, however, may not 
admit of a fresh inhalation, be- 
cause one breath has to suffice for 
a whole phrase, or musical sen- 
tence. Slurring, therefore, is sub- 
ordinated to phrasing, although 
the farmer bears an important 
part in a long passage in which 
many notes may be slurred, the 
others being separately tongued . To iffirase well, 
the student should endeavour to sing upon the 
instrument. This is impossible without paying 
constant attention to the art of phraiung. 
Unless a solo is phrased, it is apt, on the comet, 
to sound vulgar. Instead of being vocal, the 
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effect is harsh and crude. So the breath must 
‘^only be taken when a phrase ends, or before it 
begins. To do this artistically nee^ ex- 
perience. In some cornet music, phrase marks 
are printed. In the majority of solos this is left 
to the judgment of the performer. 

Ex. 8. 


MUMO 

same sounds will result as in the last instance. 
It will therefore be seen that, in transposing a 
fourth and a fifth, both crooks, used alternately, 
give the same tonal effect. 

When horn parts have to be transposed, it is 
necessary to read below instead of above. To do 



Ex. 9. Andante. 



this most players mentally trans- 
pose the notes upwards, and play 
them an octave lower, since 
the horn, having nearly double 
the length of tubing of the cornet, 
voices all notes at a deeper pitch. 
Thus, if G, third space treble clef, 
is written for the horn crooked in 
F, to render suitably that note 
on the comet the Bt? shank is 
affixed. The sound is transposed 


Transposition. Comet players in an 
orchestra are expected to be able to trans- 
pose at sight. Horn and trumpet parts are 
frequently handed to them by the conductor 


mentally a fifth higher, to G 
above the staff, and played an octave lower; 
or it may be read at once a fourth lower than 
written. In either case the sound heard is G on 
the second line. 


to interpret in this manner. The beginner, 
therefore, is advised to accustom himself to 
transposing any scale or small piece. First trans- 
pose a note higher, then two notes, and so on up 
to a fifth above. Supposing that the trumpet 
part to be read by the cornet is crooked in C, 
the cornet should then have the BI? shank. 
With this on, read a note higher. This makes the 
key D, with two sharps, instead of C, without 
sharps. 

Remember, always, when accidentals occur 
that sharps must bo read 6ks naturals, naturals 
as sharps, and flats os naturals. 'Think of the 
key into which the music is being transposed. 
As the trumpet part crooked in C is being 
rendered by a comet in Bt? a note higher, it 
must be borne in mind that every F and C in 
the key of D is sharp, the E9 and B tl in the 
trumpet parts becoming F$ andC$ on the comet. 
If the tmmixjt is crooked in DI?, and the cornet 
is ill Bt?, a minor third higher, C, third space 
treble clef, will become E t? on the fourth space, 
and that key has three flats, B, E, A. If the 
trumpet is crooked in D tt, the comet must then 
have on the A shank. The transposition, there- 
fore, will bo a fourth higher, and C on the third 
space will then be read as F on the fifth line, with 
one flat, B. Here the note F, whenever it occurs 
in the trumpet part, represents Bt? in the comet. 

If the tnimpet is crooked in El?, put on the 
Bt^ shank. Read a fourth higher, as in the last 
instance. If the trumpet part is crooked in E, 
use the A shank and road a fifth higher. C, third 
space, then becomes D above staff, and G major 
has one sharp, F. If the tnimpet is crooked in F, 
adjust the Bt? shank. Read a fifth higher. The 


As tnimpet parts have to bo transposed up- 
wards, the majority of comet players, when horn 
parts are given to them, find it easier to make, 
mentally, the usual ascending transposition 
and then play an octave below, rather than 
transpose down at once. If both methods are 
attempted, momentary forgetfulness in reading 
at sight may lead to a blunder. Yet there should 
be no more difficulty in transposing down than in 
transposing up. It is only a question of practice. 
To acquire equal facility in cither method, the 
student must start at an early age. He is not 
likely, otherwise, to master both principle's in a 
way to be depended upon. Therefore, practise 
systematically both methods. Begin, however, 
by transposing each note in the scale of C, first 
one tone, then three tones, a fourth and a fifth 
higher. If transposition is neglected at the 
beginning of comet study it is more difficult 
to acquire later. Its importance for professional 
pumosos cannot be too much emphasised. 

Studies. The comet method most in use is 
that by Arbon. It begins in the simplest way, 
and advances gradually to the most difficult 
studies a player is likely to need. Tutors by 
Kosleck, Bonniseau, Forrestior, and Saint 
Jacomb are well known. The latest and best 
publication at the time of writing is by Hermann 
Fietsch. It is published in English as well as 
German, and is issued in two parts. The beginner 
is advised to play all exorcises very slowly at 
first. Make sure that each note is correct in 
pitch and of good quality. Attention must bo 
given daily to mastering the scales. Interval 
practice should follow. This must be done 
systematically. From the note G, first ledger 
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Ex. 11. Thirds. 



line below stall, play in 'intervals of thirds, 
fourths, fifths, etc., up to octaves [Example 11]. 

If the student desires to excel, the study of 
intervals is essential. He must get accustomed, 
first, to hearing the sounds. As one piston 
produces several sounds, the ear must detect 
the right one, and the lip blow it instinctively. 
In this matter beginners arc frequently careless. 
The habit easily grows upon them. Unless mis- 
takes are point^ out, they are themselves 
imorant that wrong notes are being sounded ; 
therefore, begin all new exercises slowly and 
listen carefully. When sure that the notes are 
correct, the time can be accelerated. Transpose 
the same exercises into other keys, always playing 
slowly at first. Afterwards, the semibreves can 
bo played as minims, then crotchets, quavers, or, 
finally, as semiquavers. When the student is suffix 
ciently advanced for solo playing, slow melodies, 
such as easy songs, are advis^. These, and other 
simple comet pieces, can be obtained cheaply. 

Double and Triple Tonguing. Double 
tonguing implies two notes repeated quickly, as 

Ex. 12. 


letc. 


lables 
ku, tu 


tu - ku. 


tu- 
ku” 
were pro- 
no u n c e d 
[Example 12J. 


tu « ku, 

Rome players reverse the words, 

To triple longue, or repeat notes rapidly, 
the syllables employed are “ tu-tu-ku.” Home 
teachers prefer “ tu-ku-tu,” but the sounds are 
surer and more even with the former method. 
A gain , begin slowly. Try this exam pie : 

Ex. 13. 


etc. 


When those notes are properly sounded, be- 
ginning in slow and ending in quick time, and 
are artjculatod equally, another note should be 
treated in the same way until triple-tonguing is 
accomplished on every degree of the sesde. 

As the comet is the leading brass instru- 
ment in a military band, there is a tendency 
for many beginners to take up this most 
popular of wind instraments. Thus the supply 
of players often exceeds the demand ; but for 
orchestral engagements conductors naturally 
select only recognised artists of proved ability. 

In conclusion, the student is advised not to bo 
in a hurry. To become a first-class comet player 
is a long and arduous undertaking. Great care 
must be exercised against the contraction of bad 
habits. When beginning a new study, four long 
beats should be counted on slow notes, to make 
sure that the sounds arc correct. 



THE HORN 

By Patjl Corder 

Before taking up the study of the horn (it 
is also known as the French horn and the valve 
horn) the student should understand something 
of the principle which underlies the production of 
sound from those brass instruments of which the 
horn, trumpet, and trombone are the most 
important types. All the instruments referred 
to, besides many others, consist of a tube of 
metal (brass being most frequently used) of 
ccmical bore — that is, larger at one end than the 
other. Let us inquire briefly into the acoustical 
properties of such tubes. 

Taking one with a length of 8 ft., it is found 
that, on putting into vibration the air con- 


tained within the tube, the note 


is produced. This is termed the fundamental 
note of that length of tube, and were it the only 
note capable of bein^ produced from it, the tube 
would be of little use as a musical instrument. 
But it is possible to make the column of air divide 
into two equal parts, each hall vibrating inde- 
pendently ; the note now sounded is the 0 
an octave above the previous sound. Further- 
more, the air-column can be made to vibrate 
in thirds, quarters, fifths, sixths, and so on, the 
notes produced in each case being shown in the 
illustration at the top of the next page. 

Those notes written as crotchets ore imper- 
fectly in tune, and the last two are very difficult 
of production. 

This series of notes is termed the scale of 
natural harmonics, and constitutes what are 
known as the open notes of the horn. 

Now we may leave generalities and oome to a 
more particular account of how these facts 
apply to the hom. The tube of which it is com- 
posed is, on account of its extreme length, coiled 
up into a convenient form. One end opens out 
abruptly into a wide “ bell,” the other is fitted to 
receive the mouthpiece or extra lengths of tube. 
The mouthpiece is a conical brass tube, the 
exact shape and bore of which varies according 
to circumstances ; for facilitating the pro- 
duction of the higher harmonics a slightly smaller 
bore is ^visable than would be preferred for 
the lowe^ notes. 

The CrooR It will be seen on reference to 
the table of harmonics that only a limited number 
of notes is possible on this instrument, and if 
the music should be in any other key than 0, 
still fewer notes are available. This drawback 
was paurtially overcome by the use of a secies 
of extra coils of tube, called crooks, which, by 
adding to the length of the hom, lowered the 
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pitch of the fun<iameiital note and consequently 
of all the harmonies to a corresponding extent. 
Thus — ^the body oi the horn has a length of 
7 ft. 4 in. — ^by adding a tube about 8 in. long. 


— 2 8 r, « 7 H l> 10 lllli 18 1 

T 

called the C alto crook, the aeries of notes 
already given will be produced. A crook 55 in. 
in length will cause the whole series to sound 
a fifth lower; this is called the F crook (F being 
now the fundamental). One in C basso increases 
the length to 16 ft., and lowers the pitch a 
whole octave. Jn the same way crooks of any 
length can be made to pitch the horn in whatever 
key is required. 

Now, since the pitch of the notes is determined 
by the crook in use at the time, the player blow- 
ing the same relative series in any case, the custom 
arose of writing always for the horn as if in 0 
alto, previously directing which crook was to be 
used. This saves the player the trouble of trans- 
Iiosing, although it is woefully puzzling to the 
student to find the written notes meaning any- 
thing and everything at random. For this 
reason the matter has been explained at some 
length, as, since the modem innovation of 
valve mechanism, the older ^ 

customs of crooking and trans- 
posing seem useless and mean- ^ > 

ingless ; for the horn in use at ® 

•the present time has none of 

the drawbacks attendant on the 

old “hand horn,” as it was E j 

called, the gaps in the har- 

monic series having been filled 

in by means of an ingenious | 

mechanissm which may now 

be briefly described. 

A short length of tube is in- 
terpolated in such a way that, 
on depressing a piston attached 
thereto, the air is diverted valve 

through this extra tube in 
the course of its passage through the main coil 
of the horn. This is, in effect, temporarily 
increasing the length of the horn and lowering 




The illustration shows a valve horn by Cortois 
and MiUe. The coil marked A is the F crook, 

B is the mouth piece, the piece marked C is 
made to slide out in order to tune the horn to 

I the exact pitch in use. If 
the course of the tube is 

followed from the boll, it will 

be seen to divide into two at 

u H. This is not actually the 

4 16 i« 17 iM as H is merely a strut 

to strengthen the pi|)e, and 
has no air-passage through it. The three pistons 
are numbered 1, 2, 3, and attached to them are 
their tuning-slides, marked rcsjxjctively D, E, F. 

The horn is held thus : the little finger of the 
left hand is passed under the hook G (in some 
instruments a ring is substituted), the other 
three fingers are thus brought into iiosition over 
the three pistons, while the thumb is passitd 
through the coiled tube and braced in a con- 
venient position. The right hand is to be 
arranged as compactly as possible, the fingers close 
together, the tip of the thumb resting along 
the front of the forefinger, the whole hand 
slightly curved, and then inserted in the bell 
of the instmmeut as far as it will go. 

The important matter of the arrangement of 
the lips, or embouchure, as it is termed, now 
claims attention. A description of this is any- 
thing but easy. It may, however, be stated 
that it is useless to blow through a bom as you 
- ^ ^ would through a whistle ; neither 

. 1 should the cheeks be distended ; 

contrary, they must be 
drawn in until the muscles on 
either side of the mouth arc 
felt to be exerted. The lips are 
drawn together so that the air 
issues from them by a small 
aperture under considerable 
pressure, which pressure is regu- 
muscles of the 
cheeks and lips. The tongue 
T and the upper teeth form a 
' V . kind of valve, by mems of 

v- which the compressed air can 
HORN ^ retained in the mouth and 

lungs independently of any 
assistance from the lips. By pronouncii^ the 
syllable “ta,” a thin stream of air will be 
released and allowed to issue from the lips. 


its pitch. On raising the piston, this extra 
tube is cut out of the circuit, and the original 
note restored. The modem instrument is pro- 
vided with three of these devices, the first 
lowering the pitch a whole tone, the second a 
semitone, and the third three semitones, while 
any two can be used in combination or all 
three together; this last will lower the pitch 
to the extent of six semitones. It will now be 
readily understood how a complete chromatic 
scale can be played throughout the compass 
of the instrument. 

So far we have spoken only of what the horn 
is capable ; it remains now for the student to learn 
how it is possible to set in motion this column 
of air so as to produce any note required of the 
harmonic series. 


A first attempt to produce a note from the 
horn is fraught with considerable uncertainty. 
Very possibly no sound at all will be forthcoming, 
but by careful experimenting, and making slight 
alterations between the relative positions of the 
lips and the mouthpiece, a sound of some sort 
will eventually evolve itself. Wo want, for a 
first attempt, to produce the note 0, first ledger 
line bass clef, sounding, of course, a fifth lower 
if the F crook is being used. Let the student 
keep this sound in mind, and try to reproduce 
it. It is more than probable that he will make 
some entirely different note, perhaps Bb. This 
is caused by too ^at an air-pressure ; leave the 
lips and cheeks looser, and try again. It will 
not be long before he attains the adjustment 
necessary for the required sound. Having 
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gftined this first step, a ve^ eli^t increase on a lower crook, say, Sl^, bnt after* 
OT pressare will give % first line treble clef, and wards be played <m tne F crook. Ine very 
a little more the G above, and with these three greatest pressure required for the top C is 
notes the student should rest satisfied for the obtained in the manner previously d^ribed, 
first lesson, turning them into an exercise, of but in a greater degree. 

which the following may be taken as a specimen : It should be mentioned that the bass def 

is sometimes used for the 
lowest notes, and much 
confusion has resulted from 
the practice of the older 
composers, when so doing. 
When a certain amount of mastery over this of writing an octave lower than the part is to 
and similar exercises has been attained, the be played This senseless custcnn has now 
eompass may be extended by the addition of been abandoned and modem composers intend 
C, third space treble clef. The greater pressure their music to be played as written, whatever 
required for this and higher notes is obtained clef they use. 

partly by tightening the lips and compressing At this stage the ambitious student sliould 
the cheek muscles, and partly by forcing the procure a book of further studies and exer- 
mouthpiece against the lips by means of the cises. Oscar Franz’s “ Wald-hom Sohule ” 
little finger of the left hand. In striving for can be confidently recommended ; it has, 
this 0 the student may possibly sound B!? however, the disadvantage of being written 
at times, but this note should be avoided, as it in German, although this in no wise afiects 
is imperfectly in tune and is seldom ua»d as the studies cemtained thmin. Glie horn 
an open note by hom players. parts of standard classical works will like- 

Before making any use of the pistons, the wise afford excellent practice. Ibe sym- 
student should extend his acquaintance with the phonies of Mozart and Beethoven, and 
open notes until complete facility is obtained many others works of about the same 
over this series : periwi, were written for the hom without 

valves, and therefore contain almost entirely 
open notes. 

The Valves. It is now time to make use 



. O' 

The low C will probably give considerable 
difficulty in production, and may necessitate 


of the valves, by means of which, as has 
already been explained, a complete chromatic 
scale can be obtained througliout the whole 
compass. The fingering for this is shown in 
the illustration below. 


a complete change 
of embouchure, as f 
the lips require to [ 
be very loosely 
arrangc^l. It will 
noticed, also, 
that after prac- r 
Using the higher i 
notes the low ones ' 
are more difficult 








0 Iw 0 0- 

ors — I a 


0 

;j 2 3 




of production, and when the low ones have been 
raotised the high notes become proportionately 
ifficult. This is caused by the great difference 
of embouchure between the extreme notes of 
the bom’s compass, for which reason the first 
born in an orchestra seldom goes below C, first 
ledger line bass clef, and the second rarely 
rises above C, third space treble clef. Of 
course, a solo performer must acquire, by 
constant practice, equal facility over the whole ^ 
compass. 

It will be remembered that the fundamental 
note is an octavo below the low C already spoken 
of ; but this note is scarcely possible, except on 
the higher crooks, and even then it is so weak and 
uncertain as to be practically useless. On the 
other hand, the notes above the high G, as 
far as C, second ledger lino treble clef, are 
quite possible, although difficult, and should 
be diligently practisea by the student who 
aspires to play “first hom.” They will he 
found somewhat easier if practised at first 


It will be noticed that for certain notes there 
is a choice between the first and second fingers 
in combination with the third, either finger- 
ing lowering the pitch three semitones. Most 
hom players seem to prefer the 1 2 fingering, 
partly because the third finger is less agile 
than the other two, and partly on account 
of the greater convenience in such passages 
as this : 



[The line indicates that the finger is to be kept 
down,] 

If the third piston were used here it wwW be 
necessary to raise it simultaneously with the 
depression of another, which might impair the 
smoothness of the passage, whereas, by using the 
lower fingering, onfy one movement at a time is 
necessary. 


5446 




MUMO 


Farthermore, a little consideration will show 
that many notes have several possible fingerings. 
*rhe B on the third line may be lower^ from 
the open C by the second piston, or from the D 
by the third, or from E by the first and third. It 
is impossible to make any rules for the employ- 
ment of these additional fingerings, their use 
being solely a matter of convenience, but an 
example or two may serve to indicate their 
usefulness. At the top is shown the ordinary 
fingering, that given below shows the simplicity 
attained by the alternative fingering. 



The valves are provided with sliding pieces of 
tube for the purpose of tuning, according to the 
crook in use ; the lower the crook, the more 
extended must be the slides. The position shown 
in the illustration is right for the F crook. 

The major and minor scales and arpeggi 
should now be practised in all keys and exercises 
in the various intervals, a useful, thotigh some 
what difficult one being the leap of an octave, 
thus : 
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Slurring and Phrasing. A few words 
wUl be advisable on the subject of slurring 
and phrasing. It has been shown that a note was 
produced by pronouncing the syllable “ta.” 
This has the effect of giving the note an accent, or 
“attack.** But one note may be made to glide 
into another without any perceptible break 
by pronouncing (approximately) these sounds: 



thus making the vowel-sounds more acute as the 
passage^ ascends, and broadening them in a 
descending passage. It is, of course, possible, 
and often desirable, to “ attack ’* a note so 
gently as to entirely avoid an accent. When 
two notes are slurr^ together, as in the fore- 
going example, the second one should be plaved 
more lightly than the first, and especially so when 


the second is the shorter of the two. If the reverse 
effect were required it would be specially indi- 


cated, thus : 



implying a crescendo. 


The student should now endeavour to cultivate 
a wide range of tone, varying from the beautiful 
dreamy pianissimo to the big “ brassy ” fortis- 
simOf taking care that the air-pressure and em- 
bouchure do not alter and so affect the note. 

One of our most eminent horn players, before 
playing at a concert, invariably practises a 
scale in this manner. 



taking breath for each note and holding it as long 
as possible. It is one of the finest exercises 
for getting one’s lips into good condition. 

The Mute. A curious effect is produced on 
the horn by inserting a suitably-shaped pad or 
block into the bell of the instrument. This, 
which is called a mute, is indicated in German 
music by the words ‘*mit ddmpfer,” or in most 
other countries by “cow sordino;'^ or across 

• 4 - 

over a note, thus, I — is sometimes 


used instead. Muted horns played pianis- 
simo have a curiously faint and far-away 
sound ; played fortissimo the effect is not easily 
descrilxjd, but it is very different from t he open 
sounds. For isolated stopped notes the horn 
may be muted with the right hand by bending 
it over at the knuckles and blocking up the bell. 

There is a remarkable want of agreement 
among theorists as to the precise effect produced 
by the mute on the pitch of the horn. Before the 
invention of valves it was customary to fill in 
the gaps of the harmonic scale “ by the insertion 
of the hand or other obstacle into tlie bell of the 
instrument, partially blocking the tube, with 
the effect of lowering the pitch of all the notes a 
semitone or a tone.** On the other hand, another 
author tells us that “ by stopping the bell with 
a pad the pitch of the instrument is raised a 
semitone.** Each of these statements is fully 
corroborated by other authors. AVhich is the one 
to believe ? In a sense, both authors are correct. 
By inserting the hand into the bell the note can 
be nadually lowered to as much as a whole tone : 
at we same time, by the use of the mute or hand, 
it is possible to play a passage a semitone higher 
than it would sound without this device. The 
student must remember when playing a passage 
marked cow sordino, to make allowance for this 
alteration of pitch, preferably by keeping the 
second piston down, when the passage will be 
lowered to its normal pitch. \^en a rest of 
sufficient length occurs in the music, the crook 
should be removed and the water emptied out 
of it to prevent any bubbling sound. 


Truvepet, Cornet, and Horn concluded 
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light portable machines 
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Electrically Drives and Pneumatic Portable Machine Tools 
for Drilling’, Tapping, Reaming, Expanding, and Rtvetiog 


By FRED HORNER 


our account of those types of port- 
able machines which are attached to the work, 
we note the vahre-face tools, used for planing-up 
worn faces when the cylinders arc in place. A cast- 
iron frame is bolted to the cylinder, and it carries 
two revolving heads, provided with cutters, which 
rotate as they are slid along in grooves, and so 
gradually tool the area of the valve-face. For situ- 
utiozM where there is considerable freedom, a small 
|)ortable milling machine with vertical spindle is 
useful, the spindle being supported m a bearing 
that slides across a rail boltea above the valve-face. 
This method also possesses the advantage that by 
inserting small cud mills in the spindle tlie ports 
may be trued out neatly and accurately, instead of 
having to be chipped and filed. 

Keyway Cutters. A very valuable class of 
torf which supplants the chipping and hljng method 
is that for putting key grooves in shafts and wheels, 
'fhe first kind ot machine usually embodies a set 
of clamps, which are bolted to the shaft, and 
afford a runway for a bearing supporting a milling 
cutter, which ploughs out the 


S jars, those operated electrically or pneumatically. 

oth these sources of power are admirabty suited to 
the needs of portable tools, and they are applied in 
a variety of ways to drive with a rotary or a reeipro- 
oating motion. The obvious advantages are that 


the power can be conveyed to the tools in a very 
ficxible manner, to accommodate any movements or 
positions^ and without such encumwanee as would 
be found if ropes or belts were used. On outdoor 
work especially these rope or belt drives are most 
awkward to produce, broauso of the difficulty of 
finding a location from which to drive off, wha*eas 
in a shop an overhead countershaft may be attached 
to the ceiling foists. Ou the other hand» an electric 
cable, or a pneumatic hose is simply laid along the 
ground and carried over obstacles without trouble 
or regard being paid to angles or to paasing around 
corners. 

Before the advent of the electric and pneumatic 
motors, a certain amount of ))ortable work was 
effected with steam and' hydraulic engines, chieffy 
for drilling, to save time over ratcheting with a 


groove, a drive by handle 
being usually given. The 
machine may be carried any- 
where, and fastened on a 
shaft while in place. It is 
often found Decessary in 
engineers* and other works 
to add extra pufievs to exist- 
ing shafting in order to drive 
new machines laid down, or 
to suit altered positions. 
The alternative, then, is 
either to out a keyway by 
hand methods, or to take 
the shaft down and put it 
on a slot-drilling machine, 
which cannot usiimly be done 
on account of the trouble and 
delay to the shop, or to do 
the job with a jiortable 
machine, the last-named 
method bokm the quickest 
and best £i the case of 
wheels, a portable machine 
may be occasionally uwful ; 
it assumes the form of a 
. faraeket-shaped casting hold- 
ing a reciprocating bar fitted 
a slotting tool, which 
pasaea into the bore and outs 
the keyw^ in a series of 
strokes. I^is machine may 
also be hand-driven or 
actuated by a belt or rope 
wheel. 

Lifbt Tools* We now 

arrive at a large group of 
Ytiaohines which have de- 
velo|)ed greatly in recent 
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TovUUe electrk driU IIS. Portable drill Inside firebox 






** Jolm BuU/* or driUinff ]>inajr, and a ratchet brace 
[see lOB, page 835}» which is a slow method, although 
convenient where no power is available, as are also 
the hand«drTvcn driUs operated through a handle 
and bevel gears driving the drill spindle. The 
steam was, however, an inconvenient source of 
er, due to the condensation which occurs in the 
and the 



in^ their ener|?y from a 


trouble caused by 
leakages. Hydraulic 
power also suffers 
limitations. Eleo- 
tricity gives no 
trouble, nor does air, 
if the pipes are not 
leaky. Tne source of 
power — the dynamo, 
or the air-compressor 
— may be placed in 
any convenient 
location ; in a la^ge 
works there will be 
many scores of port- 
able maobines all drawinj 

central source. Ship ana bridge-building yards 
especially favour the use of these agents, because 
so much of the work has to be done upon partly 
erected structures. 

There are two principal methods of driving the 
light portable tools : the actuating motor is either 
built into the bo^ of the machine, or it is situated 
a little distance on, and the movement is transmitted 
to the tool throu^ the medium of ropes or cords, 
or by flexible shafts, or both combined. The reason 
for the adoption of one or the other device is chiefly 
one of weight; it would be inconvenient and 
troublesome to keep shifting a heavy motor about 
over the work, especially if the latter should be placed 
in diiiicult situations, and the time occupied in 
sotting and adjusting would be out of all reason. 
But if the class of 
operation is so light 
t^t the motor and 
the machine ports 
can be moved about 
easily by one or two 
men, then the flexible 
shaft can be dis- 
pensed with. As we 
shall see later in this 
article, some of the 
lightest tools can be 
baiMlled with the 
greatest ease by one 
man, yet their capa- 
city far exceeds that 
of the older hand- 
driven tools. The 
commonest class of 
oration done by 
these light portabm 
tools is driUmg, as it 
was also the first 
c^ffected by their aid 
when the early at- 
tempts to oust . 
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The machine, by Campbell & Isherwood, Bootle, 
is shown in 112 and 118, the first being a sectioiial 
elevation through the motor and the (E-ill, and the 
second an external elevation of the motor and its 
stand. The electric motor, A, is enclosed and a 
pinion on its shaft drives a spur wheel on a sleeve 
in bearings above the motor. The sleeve rotates 

the shaft B, which 
is free to slide end- 
wise through the 
sleeve, though 
driven jxisitivoly by 
it at any position 
through a key fit- 
ting in a 8])line ex- 
ter^ing down the 
shaft. The motor, 
and its frame, in- 
cluding the gears 
and shaft, may 
pivot in a vertical 
direction through 
the medium of tnin- 
These bearings are 


npt 

work were made. The scope of the tools has, how- 
ever, greatly extended, and many operations that 
were once deemed outside the range of power-driven 
niaohines are carried out extensively nowadays. 

£tectrlcally Driwen DiilK We shall 
consider first a class of drilling machine driven from 
an ordinary shaft, which, nevertheless, allows a 
great degree of flexibility in the ]K)gitk>n of the drill. 
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nion bearings [see 118]. 

mounted upon a truck, U, by a circular facing 
and central pin, which permits the motor and 
trunnion liearings to turn freely into any position. 
The universal movements thus obtainable allow 
the operator fo bring the drilling head, D, into 
any location he desire, up or down, or side- 
ways. The base. C, is htted witli a couple of 
trolley wheels, and two handles, as seen, so 
that it may bo wheeled about, and brought into 
position. The plain feet at the opposite end to the 
trolley wheels prevent motion when the machine 
is standing. There is an eyebolt screwed into the 
top of the frame, by which the whole aftair may be 
slung up in the air. if more convenient than the 
ground position. The shaft, B, is coupled to the 
drill head shaft with a tai)er and union nut, and the 

motion is trnns- 
mitled thence to tlie 
drill spindle through 
bevel gears. The 
spindle con be swiv- 
elled to any angle, 
and the feed is im- 
parted by the hand 
wheel and screw 
fitting inside the 
drill sleeve, the 
of the screw having a 
point centre which 
thrusts against any 
convenient projec- 
tion, or against, an 
arm attached to a 
pillar, or “ John 
Bull,” provided with 
a foot to bolt to the 
work A small 

switch attached to 
the ‘Side of the head, 
D, enables the opera- 
tor to start or stop 
the motor. A, at will, 


the flexible connecting wires being laid between the 
two. These machines are made in three sizes, with 
capacitioB for holes ranging from 1 hi. to 8 in. dia- 
meter, the drill speeds varyingfeom 180 down to 
fiO revolutions per minute. The motor being a 
series-wound type, the speed of the drill is pro- 
portionate to the duty imposed. In a different 
design, three-speed gears are included with the 
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within the other, and making them drive 
by a sliding key, constituting a telescopic 
shaft Figure 115 is a go(^ example of 
this mode of driving, from the practice 
of Emil Capitaine k Co., Frankfort-on - 
Main ; the portable motor, seen to the 
left, mounted on wheels, receives its cur- 
rent from a flexible cable, which is wound 
around the drum on the top, at the front. 
A drive is taken from the motor shaft ti> 
a socket on the front, into which the end 
of the universal shaft is fastened. The 
universal joint at this location drives the 
telescopic part of the shaft to another 
joint, whicn rotates the drill spindle 
through gears ; the spindle is hold in a 
frame that may be secured to the work, 
in this case a boiler flue, by adjusting 
screws. 

Arrangements are made for giving 
different speeds by having a set of gears 
inside the motor frame driving to three 
different sockets, at various speeds, the 
end of the universal shaft being inserted 
in either, as desired. Or if two drills 
happim to be wanted in use adjacent to 
each other, a couple of shafts may lead 
from the sockets and diverge to their 
respccjtive heads. A device which still 
further increases the possibilities of drill- 
ing is the distributor, a small stand hav- 
ing several connections leading out of 
it tor driving universal shafts, the power 
being put in by another shaft from a 
motor situated a little way off. When 
the distributor is laid down on the floor, 
it operates four or more drills surround- 
ing it, and occupies far less space than 
that required by the necessary number of 
separate motors. 

A somewhat similar class of rig to that 
shown in 115 is illustrated in 116, also a 
Caj)itaine device. The drilling head is held 
to a casting from which four tubes radiate, 
and carry rods, which are slid into any 

S osition and locked with small pins. 

crows on the end of the rods tighten 
the affair inside the work, a fire-box in 
the example given. The drill spindle, 
driven from a universal shaft extending 
into the box, is then turned into various 
positions to drill the stay holes. The 
dotted stretcher bar seen near the bottom 
is necessary only when the drill is point- 
ing vertically. 

Boring and Drilling Rig. 

Another application of the L)apitaine 
machine is that in 117, which shows a 
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motor frame, to afford considerable variations in 
speeds, for tapping, and other operations besides 
drilling. 

Unlweraal Shaft Drive. In a different 
class of drive, which is largely adopted, fiexibility 
of connection is obtained by making the shaft 
with universal joints, having double-pivoted or 
ball fastenings, which allow the parts of the shaft 
to assume angular ^sitions. This being the case, 
there is no ne^ to tilt the driving motor. The differ- 
ences in distance between the motor and the drill 
are provided for by fitting one part of the shaft 


boding rig in operation on the face of a 
meotrio drill 'Jit « ***! 

Allgemeine Electricitats-Gesellsohaft, at 
Benin. The drill head is driven, in this 
case, by a worm gear, enclosed, from a universal 
‘ telescopic shaft coming up from the portable 
motor seen on the floor, and is held in a lar^ 
slotted base piece bolted to the face of the 
work. As the base and the drill head are too 
heavy to lift about, a stirrup is attached, and 
suspended from the overhead crane. The man 
is in the act of turning the hand wheel that gives 
the feed to the tool. A boring bar, supported 
^ between two bearings, may also be driven in this 
manner, with a universal shaft There is a different 
method of driving used when the electric motor is 
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not po«s!ble : the tmivereal 
Rhaft k worked from a sns- 
pended pulley, connected 
with a hanging rod to a 
pulley in the ceiling which 
allowA a good deal of ac- 
commodation to follow the 
varying poaitions of the 
drill °rhe device is, of 
course, more awkward and 
cumbersome than the motor 
drive, and is liable to get in 
the way of tall work. 

The Flexible Shaft 
Drive* The/lea;t2^e shaft 
differs from the universal 
telescopic in being able to 
bend, duo to its peculiar 
construction. With one 
end attached to and driven 
from the motor or other 
source of power, the free 
end may be turned into any 
position which the tool 
demands. The shaft may 
be bent round a comer, 
where one of the straight 
shafts previously discussed 
could not be brought into 
action. The first flexible 
shaft was the Stow, a type still employed very largely ; 
it consists of a numbw of steel wires wound in right 
and left hand directions, and fitting within each 
other to form a sufficiently strong driving medium ; 
the outermost layer runs inside a flexible tube 
formed of coiled wires of square section, and this 
again is encased in a leather covering. A lubricant 
is applied to the running portion, either Wd oil, or 
tallow, but not a mineral oil, to enable it to nm 
freely. The action of the wires will be readily 
understood by taking hold of a spiral spring by 
its ends, bending it to an angle, and revolving 
one end, when it will be found that the motion is 
transmitted around the bend. The reason for 
multiplying the coils is that a single one would 
not be able to stand the strain \iruesR it was of 
excessive thickness, and this would interfere 
seriously with the flexibility. The ends of the core 
are attached to a short, plain end, which forms a 
moans of attaching the driving and the driven 
portions. 

Figure 118 shows a section of the end of a shaft 
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by Kramoa, Ltd., Bath, embodying the central 
core of wires (indicated by cross-ha tching), the outer 
bearing tube, and the leather easing. The end of 
the core is fitted to a short piece of shaft projecting 
through a bearing, the free portion of shaft being 
availimle for putting on various styles of fittings. 
In 119 the shaft ena has a ro|X5 pulley, with a hook 
by which it is suspended, while the pulley is driven 
from a cord actuated from an overhead drive, or 
from a motor. The other end of the shaft connects 
to a breast drill, driving the spindle through int(‘r- 
mediary bevel gears inside the casing. 

An interesting example of the use of flexible 
shafts is illustrated by 120, the view being taken 
in the works of Messrs, Yarrow & Co., Ltd., at 
Poplar, where the system has been in use for many 
years. The operation is that of expanding the 
tubes in water -tube boiler sections, the expanders, of 
a similar character to those described on page 3104, 
being rotated from the shafts tlmough bevel gears, 
similarly to drills. In the foreground of 120 the 
shaft is seen to he operated from a rope and pulley, 
the rope being driven from a countershaft. The 
second shaft is deriving its power from a portable 
electric motor (very much like that in 112 and 118 ). 

It is usually advisable to connect the driving 
end of a flexible shaft with a universal joint, to 
prevent risk of too sharp a bend being made, which 
would put an excessive strain TJpon the core on the 
end portion. 

The Coates flexible shaft, instead of possessing 
a central core of wires, has a number of short 
sockets and studs fitting into each other with 
ball ends and transverse studs, so that although 
the drive is positive, angular relations may occur 
between the units. The core revolves within a 
spiral casing, which is surrounded with a protective 
covering ; ample lubrication is essential. The, 
Wic^teed shaft, shown in section in 121 , which 
represents one end and a few joints, is built up of 
cowieotiiig rods with universal joints screwed on 
the ends to give the required flexibility ; the outer 
easing is a flexible metallic tube which holds the 
lubricating oil for the joints to run in. Ball races 

5451 



127 and 128. Electric drills 129. Tw(M:ylinder pneumatic drill 130. TlU‘oe*cylindcr pneuiimtlc driil 


are Utied to the peripheries of the universal joints 
to reduce the friction and wear on the inside 
of the easing to a minimum. The end of the 
shaft has a positive or friction clutch by which 
oonneotion is effected to the tools. The dimen- 
sions range from an outside diameter of casing of 
i in. up to 2J in., transmitting powers from J-h.p. 
up to 3-h.p. They can be made in any length 
required, as friction is small. Messrs. C. Wicksteed 
& Co., Kettering, the makers of this shaft, provide 
a portable electS motor, carried on a trolley, upon 
^whioh the motor may be revolved. The shaft 
receives its motion from a second shaft driven at 
s suitable rate from ihe motor through friction 
safety gear. 

In addition to the operations of drilling and ex- 
panding mentioned, various other tools may be 
conveniently driven from these flexible shafts, such 
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us taps and reamers, wood-boring tools, and grind- 
ing and polishing wheels. The latter is a very useful 
application for grinding and polishing work which 
could not be conveniently done on a fixed grinder. 
The operator simply holds the wheel by means of 
two projeoting handles on the bearings, and moves 
it about over me work, to smooth down the inequali- 
ties, and produce a good surface. The fiexiblo 
shah sticking out from one handle does not interfere 
with the free movements of the wheel to and fro, 
or into awkward comers. 

Direct Driving. The direct-driven tools — 
that is, those which have the motor built into the 
body — are very numerous ; they possess the great 
advantage that no moving shafts or ropes are in 
the way of the work or the attendant, the only 
connections being cables or pipes, which can be 
laid along in any manner that happens to be 
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oonvenient. The direct-driving method also lessens 
complication, and there is only the drill or other 
machine to bo carried about, instead of a separate 
portable motor, with its connecting ropes or shafts. 

EleotHc Dr ilia. The electric drills are 
either of hand or hreagt type, or used with a piUar^ 
which supports the machine and takes the thrust 
of the cutting. Tlie pillar, in addition to holding 
the machine ready, keeps it at the correct angle 
to the surface of the work ; when gripped in file 
hands alone, it is not easy to bo sure that the 
drill points quite squarely, though the accuracy 
or otherwise may be judged near enough by the 
eye for ordinary work. The hand drills must be 
provided with projecting handles by which they 
are controlled easily; 122 gives two views of an 
electric hand or breast drill (Kraraos, Ltd.) of 
small size, weighing about 154 lb. and drilling holes 
up to § in. It consumes 1*2 amperes at 110 volts, 
and is worked from a lamp-holder socket, as used 
for incandescent lighting. The case. A, is cast in 
aluminium for lightness, together with the two 
hollow handles, the right-hand one serving as a 
passage through which the flexible wires are led to 
the motor, first connecting to a switch, B, oj-wrated 
by the attendant from the outside, to start and 
stop the drill instantly. Tlio motor, C, is attached 
with screws inside the case, which fits the outsides of 
the i)ole- pieces exactly, as may Ik> seen in the 
plan view. The armature revolves with its shaft 
in a hushed lower bearing and an up^ier stretcher 
bearing, the latter being necessarily screwed on 
after the armature has been dropped into place. 

As sufficient power 

would not be allordm by 
the rotation of the arma- 
ture, a gain is effected by 
reduction gears, compris- 
ing a pinion on the arma- 
ture shaft, driving a large 
spur wheel on the drill 
spindle, so that the latter 
revolves at a slower rate. 

The drills are held in a 
tapered hole, in the spindle ; 
tlie latter runs in a gun- 
metal bush, lubricated 
with a Stauffer type lubri- 
cator, and the thrust of 
drilling is taken against a 
ring of balls, which greatly 
reduces the friction. The 
curved plate at the top 
end of the case is sliaped 
thus to fit the operator’s 
chest as ho leans over 
and presses the tool down, 
while grasping the two 

handbs. This plate is | 

crowed on to the case; in i 81 . pneumatic drill 
the plan view it » stewn working on 

removed. Another pattern 

of this machine is constructed to drill holes up 
to I in. diameter. The speeds are arranged to 
suit high-speed steel drills. 

If required for some kinds of drilling, the curved 
breastplate may bo rc|)1ao6d by a plate fitted with 
a feeding screw, to nress against anv convenient 



a leeaing screw, to press agamst any convenient 
part of the job, or to w suspended from a pillar and 
arm [128]. The arm is of tee-section, and holds a 
hooked extension of the drill screw, so that the 
machine hangs steadily when not at work, instead 
of falling down like the ordinary types with a point 
centre wmsting against the underside of the arm. 


Munetlc Pillar. The pillar shown in 
this illustration is not of the usual style, scoured 
with bolts to the work, but is of the eleciro-wagnHic 
type, which clings to the iron or steel work by the 
action of a magnet base. The advantages of 
this device are obvious, for it not only saves a large 
amount of time otherwise occupied bv bolting 
down the foot, but enables the latter to be secured 
to broad, flat faces where bolts or clamps could not 
be fixed, unless of unusual or very long types. 
The magnetic base, therefore, fills a particularly 
useful position in ship and girder yards, where 
plates of broad area are common. Figure 124' 
(Kramos, Ltd.) gives a sectional view of the base, 
which is hollowed out to receive the energising 
solenoid, the wires being represented by cross- 
hatching. The current is led through the flexible 
wires to a plug which is dro)>ped into the holder 
on the lop of the foot, which thus becomes strongly 
magnetised, and clings firmly to the work. It is 
i-eleased immediately the plug is removed from the 
holder. The arm on the round pillar may, of 
course, bo moved around, or up and down into any 
desired position, and clamps by the set-serew 
which squeezes in the split lug. 

Two pillars may be employed for heavy service* 
as in 125, where the drill is suswnded from an arm 
spanning betwocm them ; the drill in this examjdo 
is driven from a flexible shaft, opt'rated by a 
portable motor, of the edass mention^ pi-eviously. 
A photograph showing the a)>plicaiion of an elc?etric 
drill with duplex magnetic pillars, by the Con- 
solidated Pneumatic I'ool Co., Ltd., London, is 
given in 126, the drill being 
put through a girder of a 
bridge, while the magnetic 
feetacihero to the vertical 
face of the plate. The 
pillars are maue of tubes, 
for the sake of lightness, 
and a number of holes are 
drilled to receive piAs, 
which take the thrust of 
the spanning arm against 
whi(*h the drill presses. 

Heavy Electric 
Drill. A heavier elec- 
tric Kramos drill, which 
is suitable for holes up 
to H in. and weighs about 
HO lb., is shown in section 
by 127. The aluminium 
easing, A, of approxi- 
mately triangular form, 
holds the heavy pole- 
pieces, B B, between 
which the armature, C, 
rotates. The drill spindle, 
D, is driven through a set 
AND MAGNETIC PILLAR of gears, affofd- 

A BATTLESHIP considerable power 

gain, with corresponding 
si)eed reduction. It will be noted that tlio arma- 
ture shaft is in the same plane ns the drill 
spindle, and the bottom end of the former runs 
in a hole in the latter without interfering with 
the last spur gear attached to the out. side of the 
spindle. The details of the bearings, with a ball 
thrust to the spindle, and the lubricating devices 
may be seen clearly. The current is taken through 
the left-hand handle, formed of pijKJ screwed into 
the easing, to tlie starting switch. Tlie liandles 
serve a double purpose — that of providing a means 
of lifting the too) about, and also of pi’cventing 
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the drmie nrodnoed bjr'an ordinary hand wheel 
and Borew devioe, let into tho top of the caee, 
though not shown. In some kinds of work, such as 
oountor-sinkin^ whiesh can be drilled with the 
maohino standing vertically, the pfllar may be dis* 
pensed with and the tool simply steadied by the 
mmds, while its weight is sufficient 
to give the drill its feed. 

Figure 128 shows another drill 


bv Mi^rs. Kramos, which, though 
of different shape, embodies some- 
what similar constmetion and 
mode of driving with gears. It 
contains many mterestiim details 
that may be studied. The feed 
screw is shown let into the top. 

The switch is operated by push- 
ing one or other of the plungers 
seen in the plan view, t^ enect 
being to slide the contact piece in 
between the two spring pole 
strips, or away from them. A 
safety fuse is provided with these 
drills, which blows out should an 
excessive amount of current pass, 
and so saves the motor from 
damage. Owing to the high speed 
of the working partseffioieht lubri- 
cation is essential, and particular 
attention is paid to this point. 

Pneumatic Toole. The pneumatic 
constitute a large pro|K)rtion of the light classes 
employed in works ; tney come into rivalry with 
the electric types to a certain extent, while in some 
cases they do work which electricity is unable 
to effect — ^that is, those which employ hammering, 
or reciprocating movements. One reason for the 
frequent adoption of electric tools is that so many 
firms have current laid on throughout their worki^ 
which is readily applicable to driving portable tools, 
and a xmeumatic plant may not be in- 
stalled. When, however, the latter is 
put in, full advantage is taken, and tools 
of widely varied character are brought 
into service. The imwor is derived from 
air passed from an air compressor, at 
pressures which are varied to suit the 
work, but usually at 80 lb. per square 
inch ; a receiver stores a Quantity as 
a reserve for the tools to oraw from. 

Portable compressing plants are used 
on outdoor work, raero it may bo 
desirable to shift the compressor, etc., 
about to different situations. Hose 
pipes lead from the receiver to the 
tools, the armoured type of hose, 
nrotmted with cotied wire, being pre- 
mrable on account of the rough usage 
and dragging about which it has to 
endure. A coupling unites the hose to 
the pneumatio tool, and means of shutting off 
the supply of air are provided, as we shall see later. 

Pneumatic Drill. The production of a 
rotary motion by compressed air is effected in the 
majority of cases by cylinders and reciprocati^ 
pistons, like those of steam engines. Fipire 129 

f ives throe views of a reversible drill (mac 

loward Pneumatic Engineerii^ Co., Ltd., 

bourne), which is of rather simple construotiem. 
The casing, cost in aluminium, holds the drill 
spindle. A, inside a sleeve, from which tho thrust 
is taken by ball races and transmitted direct to 
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the feed screw, B. The rotation of the spindle is 
woduced from a pair of little oscillating cylindeni, 
C C, which ore mounted on trunnions, and which, as 
they oscillate, cover and uncover the air passages 
in a block lying between them, so admitting and 
exhausting air mtemately to the opposite sides of 
the pistons. The handle, D, serves to steady tlie 
machine, and also to turn on the air, by partly 
twisting tlie knurled outer sleeve, 
which hits the air pass through 
holes and so from the supply pipe 
screwed on the handle encC to the 
cylinders. This handle is used as 
well to reverse tho direction of 
motion of the engines. It is 
screwed into the valve disc 
between the cylinders, and has a 
sirring collar on its body which 
engages in slots cut in a quadrant 
outside the casing. By swivel- 
ling D around to the position in- 
dicated by the dotted lines in the 
plan the relations of the inlet 
and exhaust passages are altered, 
and so the engine runs backwards, 
a useful provision for tapping and 
tube expanding. 

The piston rods of the two 
cylinders drive to crankpins at 
right angles on a balanced crank- 
shaft, on the end of which there 
is a spur }>mion meshing with a 
wheel which drives another pinion engaging with 
a largo spur wheel on tho drill spimSe. Tlie 
crankshaft rotates from ten to fourteen times 
as fast ns the spindle. By taking off the cover 
at the bottom, removing tho pinion on the orauk- 
shafi, and its companion wheel, and substitutin 
others of different ratios, varying rates of sp 
may be obtained to suit the operations done, 
redocmg geor is also fitted as an extra to the front 
of the drills, by which a slow and very powerful 
motion is obtained for heavy tapping. 
Another useful attachment is the ex- 
tension gear, consisting of a small 
auxiliary spindle with its feed screw 
standing out from the casing of the 
machine in a manner that enables holes 
to be drilled in very close situations, 
such as in comers, or close up to plates, 
which would prevent the main spindle 
from being brought into action, on 
account of the biilkiness of the casing. 

have a little 


The Howard < 

machine designed for drilling me Ul and 
wood with tlrills and bits of small 
diameter, which drives by means of a 
fan wlioel with vanes at a very high 
speed. 

Tho Boyer drill [130] (Consolidated 
Pneumatic Tool Co., Ltd.) is a rather 
unique design, possessing three cylin- 
ders, A, which revolve around a common pin-ci*ank 
that is fixed into the top of the cover, . A dia 
phragm, B, separates an iix)|)er chamber containing 
the cylinders from a lower one holding tho 
toothed driving gears. Air is admitted to the top 
chamber through the throttle handle on tho left, 
and causes the single-acting cylinders, through tho 
medium of their pistons, to revolve a disc ending 
in a hollow shaft that passes centrally through tiio 
diaphragm, B, with a leather washer surrounding Iho 
hole. No air can therefore get out of the upper 
chamber, except through the cylinders and along an 
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e&hauBt pasnage communicating with tliift hollow 
Bhaft» whence it eBcapes through two holes on tte 
sloping undersides of the case. A small pinion is 
fastened on the end of the hollow shaft, and engages 
with two STUir gears meshing with an internal ring of 
teeth inside the case. Each wheel fits on a pin 
forming part of a sleeve or socket holding the drill 
spindle, C, and as the wheels travel rajiidly round 
the ring of teeth they carry the "sleeve with them, 
and so rotate the drUl. Ball bearings are fitted to 
relieve the friction A drawing of a four-cylinder 
reversible drill by the same firm was given on page 
180.*h to which reference may be made. 

In 181 we have an example showing the applica- 
tion of a pneumatie drill, in conjunction with a 
magnet ic stand, drilling the deck-])lates of a battle- 
ship. This illustration is from the practice of the 
Pneumatic Engineering Appliances Co., Ltd., Lon- 
don, the drill being one of their Thor types witli 
four cylinders. 

Pneumatic Grinders. Grinding machines, 
driven pneumatically, are coming into use to a con- 
siderable extent for finishing and trimming surfaces 
which cannot be handled on ordinary grinders in 
the shops. P'igure 132 shows the Whitelaw grinder 
(Consolidated Pneumatic Tool Co., Ltd.). The 
frame, of flattened form, with rounding ends, 
carries two oscillating cylinders on trunnions, with 
a valve set between the two. Tlie piston rods drive 
the pins of the crank, on the end of wliich is mounted 
a grinding wheel. The two knurled handles seen are 
for holding the machine to its work, the lowermost 
one taking the hose, and shutting off the air or 
turning it on, with a mechanism similar to tyjies 
described l)efore. 

Figure 133 illustrates another Whitelaw grinder by 
the same firm, for a l(l-in. wheel, which has the two 
handles placed in n l)etter |)OHition for even control ; 
they are round knurled sleeves set in extensions of 
the frame, one of them being a valve. Two oscillating 
cylinders on each side of the wheel drive it (one 
cylinder only is seen in section). An eyelet in (he 
t-op of the frame is useful for sus|)cnding the latter 
over the work while the attendant guides it about. 
If a very flat surface has to be ground, the wheel 
may be controlled by fitting guide strijjs to surround 


heavy blows in order to close up the rivet tails 
quickly, what is termed a lon^-sttoJce hammer is 
used, constructed with a much longer barrel than 
the chipping hammers, in order to give tlie piston 
a longer stroke. The air pressure is also usually 
greater, averaging ICK) lb. j)er square inch. 

Pneumatic Hammers. A sectional drawing 
of long-stroke hammer has been given on page 1803, 
of the Boyer tjqw. In 184 the Tierney riveting 
hammer (the Globe Pneumatic Engineering C''., 
Ltd., London) is illustrated in outside and se(‘tional 
views. The air is led in through the screwed hole 
at the bottom of the handle A, and is admitted at 
will by the oi3erator when ho clasps the lever B, 
which has the effect of opening the spring-closed 
valve and passing the air up the passage (\ from 
which it gets through holes and past the valve 
(shown black) behind the piston D, driving the latter 
forward until the hole H is uncovered, which admits 
air at full pressure and drives D with great force 
against snap E. The automatic action of the valve 
(shown black for clearness) then shuts off the air 
behind, and admits a supply in front of tlic piston, 
through the long passage F and hole C, driving D 
btickwards in readiness for another blow. The 
exhaust takes place through H. 

A Tierney chipping hammer of shorter stroke is 
illustrated in 135 in external and sectional elevations, 
with a chisel in position, and also shown separately. 
The shank fits by a part round and part octagonal 
portion, to prevent its rotating in the hushing that 
is fixed in the nose of the tool. The action of the 
hammer is siin ila r to that in 184, but a modification 
is made in the position of the air-holes on the under- 
side, because of the greater length of the' })iHtoii 
( seen sepura U mv ). 

A duplex -valve hammer made by the Pneumatic 
Engineering Appliances (b., Ltd., London, shown 
in 136. is noticeable on account of the double valves, 
which give a better action to the tool at high speeds. 
The air is taken in by a pii>e screwed into the hole at 
the bottom of A, and is controlled by the thumb 
lever B, which oijerates the spring valve inside C, 
letting the air rush against the ends of the circular 
valves 1)1), ami force them a])art, so that they 
uncover _8mnll ports communicating wHh the 


everywhere, find move in a true plane. Some of the 
largest machines are designed for grinding armour- 
plate after it has been put into place. 

Reciprocating Pneumatic Toole. The 

rotative ty^ies of pneumatic motors all have their 
rivals in the electric motors, but there is another 
field in which they hold their own — in the production 
ofreoinrocating motion, for striking blows, an opera- 
tion that camiot be effected by electricity except 
in a very roundabout and clumsy manner. The 
mode of action is to drive a sliding piston alter- 
nately to and fro, causing it to strike an extension 
of the tool, and so deliver a rapid scries of sharp 
blows, from GOO to 2,0(X) j.>er minute. The ojierator 
bolds the tool and keeps it un to its work, air l^ing 
led from the supply througli a flexible hose. 

Hammers for . chipping, caulking, and riveting 
do not differ from each other in the essential action, 
hnt as the last-named operation demands very 


covereu up twu uuiww uuiuiwiJtsu wiiu pass 
and J, and live air is admitted through the | 

K, and around the recess on the piston into pt 

L, which cause the air to get behind the valves and 
drive them inwards, allowing the air behind (he 
piston to exhaust tlirough a hole in the cylinder 
end and out through other holes in the handle to the 
atmosphere. At the same time air is passed through 
small holes in the valves D, along a passage, and in 
front of the piston, where the escajie drives the piston 
backwards. 

Figure 187 shows one of these hammers in opera- 
tion, the work being that of fettling castings; 
188 illustrates the mode of application of a caulking 
tool on boiler seams, the example being a tool by 
R. G. Ross & Son, Glasgow. Beading, or hammer- 
ing over the ends of boiler tubes, is another operation 
effected by pneumatic tools. There are also pneu- 
matic sand rammers for moulders. 


Machine Tools conelvded ; followed hy Machines and Appliances 
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the type has been made up into pages 
and tied ever so carefully, it is not by any 
means ready for printing. The machine man 
would not "take it off our hands in that con- 
dition. Slide the type off your galley on to 
the large table with the smooth iron top, 
designated the stone. The pages lie in a row — 
one, two, three, four. Supposing the pages are 
to be printed one by one, and on one side of The 
paper only, the job is easy. 

Placing the Pages into the Chase. 
You get an iron frame called a r7/a.9c,from the chaae- 
nw;k, and lay it over 
page 1 . If possible, the K*?? 
ty 7 >e should l>e pro- 
1<^eted from the iron 
side of the chase, and 
the chase is tluM’ofore 
bigger than the jjage. 

A piece of metal or 
wooden furniture ex- 
actly the same length 
as the breadth of tlie 
j^ago is laid between 
i he top and the chasi', 
and a similar piece a 
little longer than the 
f»igo is laid along the 
side. Now open one 


19. PLANER 



21. SHOOTINCJ -.STICK 


of the drawers Imng under the table, and find a. 
store of wf>od(‘n w^gea, of many sizes, straiglit 
on the one side and slanted on the other. Tlie^se 
are sidcsfickff and footsticks. Select one the 
length of the bottom of tlie page, and another 
for the side, and set them close to the type, 
making sure that they will cover the whole of 
the type, and yet be free of each other. Take the 
cord off the page, and press the sticks close on it. 
Open another of the table drawers, and there are 
little wedges of wood called quoins varying in 
breadth from a mere splinter to H in. 

Planer, Mallet, and Shooting-stick. 
In the same drawer lie a hea^T. flat slab of wood, a 
short -handled wooden mallet, and a round tool 
with wedge point — these are 'planer 1 19], mallet [20 1, 
and sJuKitmg -stick [21]. WcMlge in quoins of suitable 
size between the footstick and sidestick, and the 
inside of the iron chase, fixing them M-ith finger and 
thumb. Take the planer in your 
loft hand and let it rest lightly and 
evenly on the face of tlie page, 
gently tapping it down with the 
mallet in your right. This makes 
t ho type level . With shooting-stick 
and mallet drive home the quoins, 
plane the typo level again, and 
the page is locked up. 

A few fancy books and orna- 
mental pamphlets are printed 


page by page, but the mass of jirinting is 
done quite differently. From the foregoing, 
however, the student will learn the nidiinentH 
of lockimj-yp. The page of type, if it has l)een 
]>roperly set and firmly locked up, has become a 
rigid solid, capable of standing the pressure and 
pull of the printing press or machine. 

As we have said, books are not printed page by 
page ; sometimes 128 pages are printed at one? t inn* 
on a single sheet. Here we come to one of the most 
difficult lessons the young printer has to learn. 

Sizes of Sheets for Printing. On 
opening a book, the first thing the reader olwerves 
is the fact that page 2 is jirinted on the hack of 
page 1, page 4 on the back d page 3, and so on. 
Nothing seems easier than just to print one side 
of a sheet with the even numl^er pages, and 
another uith the odd number pages. This wouM 
be a feasible plan if all the leaves of books were 
cut separate, and then bound together leaf by 
leaf. But books are not made that way. Four 
at least, should be on one sheet. Fold a sheet ^ 
and you have two leaves, or folio ; folded again* 
it is four leaves, or quarto ; folded again, eight 
leaves, or octavo. A sheet of foho has four 
})agcs, a sheet of quarto eight, octavo Bixle(*n, 
and so on. Most of the old books are folias, 
l>eeause the early printing presses could hold no 
more than two pages at a time. Shakesix*are’s 
])lays, for example, were printed folio. TIu* 
Ixgiimer is apt to take those terms as denoting 
sizes, but that is an error. Folio is simply the half 
of any size of sheet, wliether small post or donhU^ 
demy; quarto is the fourth, octavo the eighth, 
16mo the sixteenth, and up to any fraction. We 
give on tliis page* two tables, the one showing tlie 
sizes of papers commonly used, and the other the 
proportions of the divisions expressed in inches. 


STANDARD SIZES OF WUITINi; AND I'KJNTING 
FAPKRS. 


>\R)1«CUP . . 

.. J:q bv m 

Double ( rown . 

. 20 by 30 

PoHt 

.. i.'.t .. 10 

Double Ij.'irReroBt2I , 

33 

J^arRc Pont 

.. lOi 21 

imperial . . 

. 22 . 

30 

Demy 

.. I7i 221 

Double Demy . 

. 221 * 

35 

Medium . . 

.. IftI „ 231 

Double Koyai . 

. 25 4, 

40 

Royal 

.. 20 25 

Quad ('rowTi 

. 30 , 

40 

Super Royal 

.. 2Ul .. 27* 

Quad Demy 

. 35 , 

. -!•» 

Double Foolftcap 17 27 





SUBDIVISIONS i»F PAPER. 


Post . . . . 

15i by 

»4 

0* by 

75 

7* by 

IjurRc Post 

m » 

10* 

10* 


8* 

Crown 

15 „ 

10 

10 „ 

7* 

It 

Demy 

17* ., 

H* 

11* .. 


8* 

Royal 

20 

12* 

12* 

10 

10 

Double Foolscap 

17 

13* 

13* 

8* 

8* 

„ Crown . . 

20 

15 

IS .. 

10 

10 

., Demy . . 

22* ., 

17* 

17* 



„ Royal . . 

25 „ 

20 

20 .. 

12* 

12* 


by 3{;| 




l\ 
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Placing the Pages. Imposition means 
the placing of things in a definite position, or 
putting one thing in the place of another ; both 
meanings describe the printer’s method of 
placing his pages. For, it is to Iw noted, 
the sheet has to Iw printed on both sides, 
and the pages are made np in two divisions, | ^ 
the one called the outer forme, the other 
the inner. The pag(*s of the outer forme are 
put in position, and the pages of the inner 
forme take their places. 

We will begin by imposing the formes of 
folio [221. Fold a sheet of paper, and 
number the pages 1,2, 3, 4; 1 and 4 are 
on the same side of the sheet; 1 always 
begins the outer forme; therefore, 1 
and 4 are to be placCKl together, and 
make up this forme. Page 1, or the 
lowest number in every outer form(\ 
stands at the left-hand corner of the 
scheme. With exceptions to Ix' 
specially noted, the highest number 
of the slieot stands next to page 1. In 
this case it. is page 4. Pages 2 and 3 
stand together, of course, but it is not 
enough to say so. The out or 

inner forme is the reverse 
of the outer, and instead 
of 1 and 4, the order 
runs 3 and 2, 
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23. SHEET QUARTO 


Inner 


8 

6 

Zl 

\s 





0N 

13 

4 


9T L\ 


32 25 8 


way of finding out 
schemes of imposition 
of a (tomplox kind is to 
numlKT the pages on 
the sheet, and lay it on 
the imposing table. The 
sheet is numlx^red on 
both sides ; tlu^ numbers 
on the under side of th<^ 
sheet show the position of 
the corresponding pages. 

Our folio shoot affords a 
simple example. Laid on 
its back, its pages 1 and 4 
lie next the taV>lc ; turned 
over sideways, page 3 lies 
on the place of ])agc 1, and 
2 on 4. No matter how 
complex the problem, this plan always 
yields accurate results. Another 
m ^thod adopted by beginners who 
have not mastered the principles 
of imposition is to take a sheet 
double the size of that which is 
being imposed, or twice the numlx^r 
of leaves, and write the numbers on 
alternate pages, except at the centre, 
making all the numbers appear on 
one side of the paper. Turn the 
figures down on the table ; the sheet 
presents a perfect picture of both the 
outer and the inner formes, 
it up again, fold it across, and 
note how 1 falls on 2, 3 on 4, 6 on 6, 7 on 8. 

The quarto sheet offers no difficulty. Have 
both formes in your eye, as shown in 28. 
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24. SHEET OCTAVO 


The outer circle, taking both formes, is 1, 2, 
3, 4, and the inner is 8, 7, 6, 6. 

Octavo seems to begin complexity in imposi* 
tion ; but if it is kept in mind that this 
sheet is four times folio, and the same 
method applied, the scheme will build 
itself by natural sequence [24], and similarly 
Avith the larger sheets [25 and 26]. 

Irregular Sizes, The above form the 
ground-work of imposition. Irregular 
sizes of sheets, such as 12mo, 18mo, and 
24mo, can readily l)e mastered by applica- 
tion of the methods described and pract ical 
experience. To a very great extent, 
those odd schemes were rendered neces- 
sary by the conservat ism of the papt^r- 
makers, who kept to the old sizes and 
forms of paper, and the progressive 
spirit in the printing trade. That op- 
position has completely disappeared. 
Pajw-makers supply slieets by the roll, 
measured by the yard, of any breadth 
desired. The old sizes are rapidly 
going out of use ; off-cuts that make 
waste of good paper are becoming 
needless, and intricate 
foldings, perplexing t o 
the bookbinder, ceasing 
to trouble. 

Arranging for 
Margins. Having laid 
our pages our duty is not 
done. The outer forme 
of this sheet of octavo has 
to Ix' locked up. On the 
chase-rock we find a chase 
of the proper size, with 
cross-bars. These arc 
wrought-iron bars fixed in 
the chase, dividing tiui 
interior into four. The 
pages lie within the di- 
visions, two and two, tlici 
heads touching the longer 
cross- Vjar. Every page has 
a fore-edge or front margin, 
a tail or bottom margin, 
and a head and a bock 
margin. Provision for the 
four margins has to l)e 
made in due measure. Say that the 
size of paper gives an inch of margin 
all round the page. If an equal margin 
is to be made all round, twelve eras of 
pica between the sides and heads of the 
pages would answer. But imposing 
is not so simple as that. The book- 
l^inder has to be considered, and 
artistic taste has also something to 
ask. The outer margin of a page 
should be wider than the back, and in 
binding a book the fore-side is often 
cut. The bottom of the page, being 
Lift 26. HALT-SHEET .sixTEENS solid, demands a larger margin than 

the head, which shows white paper 
between the solid type and the page number, 
heading, etc. The rule-of-thumb method is 
to Tneasure with the paper. Having placed 
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the pages ia position, fold the paper to page 
size. I^ay the paper across page 1, and rest 
it on the edge of page 16. lx?t the paper 
overlap the outside of page 1 by os much 
08 you wish the fore-end margin to exceed the 
bfvck margin, and put furniture into the gap 
between the two. Open the paper, and you will 
find, by laying it across both pages together, 
that the margin on both sides is equal. The 
space between pages 16 and 13 represents two 
fore-end margins. To find out this, lay the 
paper, which is now quarto, against the side of 
page 13, extending across pages 16 and 1, and 
make the gap between pages 13 and 16 so that 
the paper just runs along the outer edge of 
page 1. Those measurements afford the gauges 
for the rest of the forme. By a similar method, 
the space betwwn the heads "is determined. As 
we hove hinted, however, the more sensible and 
quicker method is to divide up the margins into 
a given num1>er of points, or pica oms, and 
proceed to lay them in, without further trouble. 

How to Avoid MistaKes. In the hurry 
of making up pages 
and formes, a num- 
U'l* of mistakes oc- 
cur. One page may 
lx‘ a line short, or 
another a line too 
long ; the funiiture 
iK'tween the pages 
may of wrong 
lengths, or mis- 
counted in breadth. 

'^ro detect all such 
cn*ors lK*forc locking 
iij), the compositor 
should l>e provided 
with a points gauge 
or a measuring scale. 

Either of these tools 
helps in the making 
uj), loo. Here is 
another advantag'* 
of the points system 
of type measurement. When the compositor 
knows that 36 lines of lotig primer equals 30 lines of 
])ica, and so on, he can go through with tlio w ork 
of elot fling his formes much more confidently 
andsAviftly. Furniture along the sides of pages 
should be two enis longer than tfie page, to 
prevent any possibility of the type slipping out ; 
but the furniture at the heads should always be 
exactly the measure of the line. This makes 
a solid forme, and obviates the danger of the 
side furniture being jammed against the head 
furniture in the locking up. 

The Forme as ** Locked Up.** Place 
the sidesticks and foot sticks as before directed, 
and then take the cords off the pages, winding 
them into hanks at the same time. If possible, 
a chase should always fit the forme ; but if not, 
tlie space lH»tw'(H?n the iron frame and the 
“ sticks ” should be carefully filled in with 
good w ood furniture or worn metal furniture, 
till it comes to within the breadth of fair-sized 
quoins. The quoins having been pressed in. 
apply the planer to the whole surface of the 
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forme, page by page, and then lock up. Again 
plane with mallet and planer, this time firmly, 
and the forme is ready to lift. If the tyix* has 
been properly set, and the forme firmly lockf^d 
up, the whole ought to lift solid as a board. 
During the post years, patent metal quoins, 
formerly disliked os innovations, have gradually 
gained wide acceptance in the irtule. As shown 
in our illustration of a locked-up forme [27] 
these quoins arc wedge-shaped pieces of metal, 
grooved so as to fit into each other, and toothed 
cn the inner edge« for the pinions of the screw - 
key. Using these we can sun’ound the type 
w'ith plain furniture, and by opposing the 
wedges to each other, by moaas of the key, lock 
\ip the forme. 

Sheet Signatures. For the puipose ot 
distinguishing one sheet of a book from another, 
the practice of putting a letter at the foot cd‘ 
the first page of the outer forme was early 
adopted. By this sign the* compositor, the 
machine man, and bookbinder eantellat a glane<* 
wdiat sheet they are working with, and wdiethcM’ 

or not the pages art* 
numl>ered correctly. 
A copy of tin* table 
given on the next 
page is often hung 
at the side of tht* 
imposing-stone. 

The Reader. 
If the compositor 
always read his 
copy carefully, al- 
ways picked u p the 
rigid letter, always 
spelt correctly, 
punctuated fault - 
les.sly, read ovci' 
each line Ix*fore 
jiustifying, and 
w'tMH* constantly 
alert and watchful, 
he w ould commit no 
errors, and, iiu'i- 
dentally, l)e more than human, No man is 
uniformly in the best of health; the hand 
momentarily weakens, the attention faltci’s, 
personal worries interrupt the though* concen- 
trated on tlie work, and the errors slij) past. 
In the printing world the errors arc corrected by 
the proof-reader. 

According to the best .practice, a pnHjf-reruhr 
is a compositor w'ho, because be has produced 
work comparatively free from errors, and gi\ cii 
evidence of self-education and interest in hi- 
craft, has been promoted. Ho sits in a room 
adjacent to the composing-room, or i^erhaps his 
place is on the same floor, and simply parti- 
tioned off by wood and glass. When the galley 
has Ik'cu proofed on the galley-press, the copv 
is collected from the compositors, and the proof 
and copy carried to the reader. Ticside tlie reader 
is his copy-holder, usually a boy, whose duty it 
is to read out the copy, while the reader scans 
the proof. The boy should have an a]>titude for 
reading handwriting, and he easily trained to 
read clearly and correctly. As he reads along 
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the lines, the reader sees a turned letter, a letter 
“ 1 ” for a “ t,” and words variously misspelt, 
punctuation showing that the compositor has 
missed the sense of a passage, and swiftly marks 
the corrections on the margin of the proof. 
Listening carefully, he hears the boy say 
“traders” where the proof has it “leaders,” and 
the general sense sliows that the lad is right ; the 
wrong word is struck out, and the right one 
wi’itten on the margin. By turning to page 4193, 
the student will find an example of the reader’s 
practice, giving in full the signs of correction 
and the best methods of marking proofs. 

Before sending out the proof, the reader should 
go over it a second time ; he will thus l»e able to 
give undivided attention to the spacing and 
punctuation. 

Office Style and **New** Spelling. 

Considering the number of readers employed in 
the' printing trade, the vacancies offered to the 
youth ambitious of attaining the position are not 
numerous. Not that the changes are few. The 
compositor who is alert and ready finds his 
opportunity. But there is one factor which, 
small though it may seem, is veiy important. 
Every printing establishment luis its own 
“ style.” In one place, the readers are instructed 
to punctuate widely, leave out as many commas 
as possible, where the sense of a passage appears 
clear without them. In another office the 
practice may be the very reverse. Similarly, the 
use of italics, the style of naming books, maga- 
zines, ships, and public institutions, capitals, 
placing the number of the date before or after 
the name of the month, and many other details 
are determined principally by that mysterious 
power called office tradition. 

The English language is always changing in 
form. Though neither President Roosevelt nor 
the “ Phonetikist ” enthusiasts on this side of 
the Atlantic altered by one iota the spelling of 
tlie day, the language does change, both in 
pronunciation and spelling, by gradual degrees. 
A notable instance of change in spelling effected 


witliin twenty years is the almost universal 
substitution of “ s ” for “ z ” in such words as 
signify the endowment of a man or thing with 
a particular quality, as : Civilise, deodorise, 
mesmerise, and so on. The process is constantly 
going on, and the reader who would hold his 
place must keep himself informed on the 
subject. 

Difficult Proof-reading. Reading revise 
proofs, proofs of author’s corrections, and 
machine proofs are among the higher duties of 
the reader. The most experienced and skilful of 
the staff is entrusted with that work, and seldom 
has any other duty. Such a man performs a 
highly important function ; he is president over 
the birth of many books, and he ought to possess, 
besides a thorough mastery of the details of his 
craft, wide, general knowledge, and a keen 
appreciation of English w'ords. 

Though the reader's chief tool is a well-stored 
and highly cultivated brain, he should l)e provided 
with aids in the shajjc of a small but select 
reference library. A good standard etymological 
dictionary, a classical dictionary, a dictionary of 
phrase and fable, Roget's “Thesaurus,” a Bible, 
and an up-to-date stock of the more important 
year books and almanacs make a reasonable 
equipment. In addition, if the establishment is a 
large one, there ought to l)C a reference library 
readily accessible to the whole reading staff, 
stocked with the great compilations of authority, 
such as the “New English Dictionary,” “ En- 
eyciopicdia Britannica,” works on technology, 
and dictionaries of the classical and leading 
modern languages. 

The News Reader. The efficient reader 
is alert of eye and deft of hand, possessed of a 
good stock of general information, and fully 
ae([uainted with the forms of words, but the 
news reader’s quickness and knowiedge are tax(*d 
to a si)ccially high degree. He must keep himself 
in touch with current affairs in politics, scKiety, 
and life, know’ the names and polities of political 
leaders and members of Parliament ; the topics 
of the hour, and the catch phrases of the moment. 
For lack of such a reader, the slips of the Par- 
liamentary correspondent’s pen have appeared 
in cold print, to the dismay of everybody con- 
cerned. 

The news reader seldom has time to read 
matter twice ; and sometimes he has to read 
the bare type. This means that he has to be quick, 
ready, able to detect not only errors in composing 
but all other errors at one reading. Very 
numerous are the traps into which the newspaper 
compositors may fall, and the reader has always 
to pull him up. Headlines may become mixed, 
the bottom or top line of a column may fall 
and be misjffaced, and a hundred other accidents 
may happen, each one, perhaps, ruinous to the 
paper. The editor may be the greatest journalist 
alive; his staff may l)e the flower of English 
journalism, and yet the inefficiency of a reader 
can ruin everything. 


i^oniinued 
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COAL-TAR PRODUCTS 

C’oiil-tar products arc the result of subjecting coal 
to the process known as desfntctivf diMtillntion. By 
this we understand the deooniyiosition of substanccH 
(in this case coal) by heat with the fonnation of 
products which are volatile. Destructive distillation 
differs from ordinary distillation in that fhe sub- 
stances do not distil unchanged, and the ])roducts 
collected differ in chemical composition from the 
subst-ani^es from which they were obtained. The 
plant re<|uired for carrying out processes of this 
kind does not differ essontially in principle from 
that emydoyed for the purification and prejiaration 
of bodies by distillation. It consists, first, of a. 
vessel or a retort in which the substance is heated 
and undergoes dQcomi>osition : secondly, a condenser, 
or a j)]mratus for the condensation of tlie vapours given 
off ; and thirdly, a rei'ci ver or receptacle for collecting 
and separating the products of distillation. 

Constructive Distillation. Although the 
process may be regarded mainly as the breaking-uy) 
of more complicated y)Coducts into simpler ones, 
iicvcrihelesH, alongside of this dccomyawition a 
certain amount of Ht/nthesiA — that is, building-up 
of (’hemical CDinyiounds, or formation of substances 
— takes y)la<*e from the first-formed y^roducts of 
decomyaisition. This is owing to the fact that such 
])roduct.s of decomy>ositiou are not removed immedi- 
ately they are formed, but remain for a certain 
time in the hot retort. Thus, if benzene be led 
through a red-hot tube, a certain proportion of 
acetylene is formed. On the other hand, acetylene 
led through a rod-hot tube is yiartly converted into 
benzene. Now, as lienzene and acetylene ar? both 
formed on the destructive distillation of coal, we 
see that the formation of either of these siibstanccH 
is not the simy)le yirocess of decomy)ositioii which it 
might apy)ear to Ije at first glance. 

Coal-tar. An enormous amount of this sub- 
Btance is |>rodneed yearly, and most of it- is derived 
from the destructive distillation of coal. The coal 
carbonised in Loudon and surrounding districts in 
ltK)2, according to yjrivate sources of information, 
we find to bt* nearly 4,(KK),(KK) tons, yielding, say, 
200,000 tons of tar. The yielil of tar will deyxjnd 
u])on the variety of coal and temy)eraliirc of distil- 
lation, etc. 

Tar is a liquid heavier than water, its syx'citie 
gravity being 1 i to 1 *2. The comymsition of the 
tar will dej)end uyion the quality of the coal. Thus, 
cannel coal yields a tar of specific gravity 1 *1, y»oor 
in aromatic comy)ounds, Newcastle coal gives tar 
rich in nay)hthalenc and anthracene, and Wigan coal 
gives tar rich in benzene and phenol (carbolic 
acid). Boghead and bituminous shales, when mixed 
with coals, give inferior tar containing excess of 
wraffin hydrocarbons, which cannot be separated 
rom the tar by the usual pro(ies.se.s. 

The comyiosition of tar is also largely deyiendent 
on the temy)erature of the retorts. At low temyiera- 
tures, chiefly yiaraffin, olefins, and higher yffienols 
are formed, and the quantity of the yKjrmaneiit 
gas produced is small. At higher temperatures. 


although olefins and also acetylenes are still formed, 
the paraffins are mostly decomposed, with the 
separation of carbon in the retorts and the formation 
of lower paraffins. Tiiere are also formed aromatic 
hydrocarbons and oemdensed ring ” bodies, 
together with lower phenols. The yiroymrtion of 
yiermanent gas is much larger than at lower temyKT/i- 
tures. As almost all coal is a residue from the gas- 
works, and ns yu-iees of tar have Ijeen much lower 
of recent years, the object of the gasworks is to pro- 
duce ns much gas ns y)ossible, so that distillation is 
carried on at high tern jicratu res. which tends to 
reduce the yield of tar. The tem])erat ure of working 
in Kngland is about 1.100^ (\. and the average yield 
of tar may l)o taken as o yier cent. 'Mie table Inflow 
gives some idea of the yit‘lds of tar and gas liquor 
which can l)e obtained from on»‘ ton of diffcient 
kinds of coal (Stohinann-Korl) : 


Coal 

Tar 

Gas 

Liquor 

Boghead eanncl 

7 : 1:1 ll». 

. . — 

Newcastle 

1>H „ 

. . 00 

Wigan 

21 s ., 

. . 102 

T.o(‘hgelly 

22.-> 

. . :i40 

Peltori Main . . 

112 ,. 

.. 112 

Lismahago eanncl ( 1 ) 

rm ., 

4 

.. ; .. (2) 

vm „ 

4 

Ramsay's Neweaslle eanm*! 

29:) „ 

7 

Derbyshire deep seam 

219 ,. 

. . 179 


Coal-tar is also obtained in some cases by utilising 
the waste jaoducts from coke ovens. Small (plant i- 
ties are also obtained from blast furnaces, gas 
y^rodueers, and water-gas plants. 

Crude Tar, Although a number of valuable 
yiroduets are got by distilling coal-tar. some outlet 
can be found for it in tin* crude state. In the first 
place, it can be burnt as fuel. This is usually done 
underneath the retorts themselves by running the 
tur on coke. In this way, ont* y>art of tar may 1 m‘ 
burnt for every four y>arts of cok(‘. A number of 
ayjyiliances have Ik‘Cii devised for burning tar in a 
furnace in a similar manner to y»etroleum. It may 
also be used for yireserving timber and other buiUl- 
iiig materials, and as tarred felt for roofing, or again 
as an antiseptic in virtue of the carbolic arid, etc., that 
it contains. It is, howc\pr, more usual to seyiarate 
these substances than to make use of the tar itself. 

Tar forms a suitable substitute for resin in the 
preparation of lampblack: but a y^arlially yuirified 
or prepared tar is non used, as the crude tar con- 
tains some very volatile constituents, and these 
would find theirVay into the lampblack. It is usual 
to remove these by first distilling off the wat-er and 
more volatile y tort ions of the tar. The tar is burnt 
in brick ovens, and the* soot is depo.sited in a numlier 
of chambers. 8everal contrivances have been 
devised for bringing about rayfid dey>o.sition of the 
soot, Hueh as systems of “ baffle-yilates ” — that is to 
say, obstructions built into the flues, not unlike 
the arrangement of laths in a Venetian blind, and 
devices for giving a whirling motion to the soot- 
charged vayKuirs, so that the yiarticles of soot strike 
the walls of the collecting chambers and are 
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deposited. Lampblack conbiins a certain quantity of 
tarry matter, and for many ])iiry)o.ses it requires to 
be refined. This is done by igniting in sheet-iron 
cases with lids luted on. After ignition, the caseH 
arc left some time to cool, as soot loses its heat 
slowly, and would catch tire if exposed to the air 
while still hot. The refined product has a better 
covering power fsec Paints Und Polishes, page 5141], 
and is used by printers’ ink and colour makers [see 
Inks, page 53(itl]. Tar has also l>ecn used as a binder 
for briquettes, and for making the “ basic ” lining 
of Bessemer converters. 

Distillation of Coal-tar. C^oal-tar is a 
mixture of a great number of different substances. 
Lunge, in his treatise, gives a 
list of nearly 200, many of 
which are extremely valuable, 
and arc the mother substance's 
for the manufacture of aniline 
dyes, artificial [Tcrfunics and 
essences, })harmaceiitical pre- 
parations and disinfectants. 

The problem we have to fae'c 
is the separation and the puri- 
fication of the individual 
substances. Although the actual 
proportion of some of those 
substances present in the tar is 
very small, the quantity of tar 
worked iiy) is so large that 
considerable amounts of tliese substanc-es can be 
obtained. Thus, the yi(‘ld of anthracene, the mother 
substfm(}e of the alizarim* dyes, is less than 1 per 
(!ent. of the tar distilled. 

The tar is first freed as completely as possible from 
watery ammoniacal liquor, which distils over from 
the retorts with the tar | ^ee Coal Gas, and also 
Sulphuric Acid, page 4(525, and Alkalies, ywgc 
4770]. This is often eftected by allowing the tar 
to stand in cisterns })referably fitted with sUmuii 
coils. By <a steam coil is meant a coil of steam pipe* 
f)y which the liquid in (he eistern can be heated. 
Such indirect methods of heating are in many cases 
])referable to heating by a direct fire, as it is easier 
to regulate the tem])erature. The water, which is 
inenily held mechanically in the oil, gradually rises 
to the surface*, and the oil is drawn off. It is 
important to free the tar from water, or otherwise 
it might “ bump ” or boil 
explosively wlien distilled. 

Distillation is the method 
used to separate the con- 
stituents of which coal- 
tar is composed, but. the 
method allows of only a 
very rough separation in 
one operat ion. The differ- 
ent uortions or “frac- 
tions’’ of the distillate 
collected are in them- 
selves complex mixtures. 

This partial separation, however, is all that is 
necessary in some eases, uhile in others it docs 
not pay to carry the separation further. Thus, 
creosote oil, one of the fractions, is far better suited 
for “creosoting” than the crude tar from which 
it was obtained. 

Whore it is necessary to carry separation or puri- 
fication further, ns in the coal-tar dye industry, the 
fractions are themselves redistilled, and various 
other chemical means are employed which wo’ shall 
briefly touch on in what follows. 

The Coal-tar Still. The coal-tar is treated 
in stills, mostly upright and cylindrical in form, the 
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bottom being spherical and curved inwards, as in 
the illustration. Figure 1 shows the general 
arrangement of still, condenser, and separator ; 3 
is a photograph of the still lying on one side. 7''he 
still is provided with a donie-shafied cover and still 
head, inlet and outlet cocks, and manhole. It 
should also l)e fitted with some form of safety- 
valve. Modern plants ai*e often provided with a 
system of steam pipes, reaching to the bottom of 
the still, so that superheated steam can be used 
for finishing off the process. The condenser is 
simple in construction, put together from lengths 
of east- iron pi|ies with elbow joints or from semi- 
circular wrought-iron tubes. The condensing 
worm so formed lies in a cooling 
tank, as in an ordinary still. 
Noxious gases are given off 
during the distillation, and 
carry with them a small pro- 
])ortion of the more volatile con- 
stituents. They must be treated 
in a “ scrubber,” not so much 
to recover these constituents, 
but to absorb the noxious gases 
'^uch as G8.^, HoS and NHg, 
bi'fore they escape into the air. 

Caster's Process. We 
must take es|)ccial rare in 
working the stills that the con- 
tents do not boil over, especially 
when the distillation begins. According to Kohler, 
this is often caused by an excessive percentage oifrev, 
carhf}n. This free carbon, whi(!h may be present in 
the tar to the extent of 20 per cent, to 25 per 
cent, by bulk, has a tendency to settle down to the 
bottom, and as it is a bad eonductor of heat, 
there is considerable danger of overheating and 
burning out the bottom of the still, especially 
during the last stages of the o}K‘ration. 

Gaster has patented a method of separating the 
carbon, itself of considerable value, for making 
eleoti odcs j see Electroclicmistry] ; further, the oil 
freed from carbon distils better and 
yields a better class of pitch. The 
tar is distilled in the ordinary way, 
till the tem])erature rises above 
2t)()° G. ; the operation is then inter- 
ru])ted and a low boiling 
na})htha added to the 
]>artly cooled contents of 
the. still. The whole is 
forced into a filter press, 
where the carbon is re- 
tained and washed by a 
further quantity of naph- 
tha to remove the rest of 
tlie tarry matter. The car- 
bon is left as fine powder, 
and thetaroil, after distil- 
I ing off the iia phtha, can be 
further treated as required. 
Separating the Distillate into 

Fractions. The distillate is collected in a number 
of fractions (Lunge). The average yields given by 
Mills arc as follows : 

1. First lunnings, up to 105” G. or 

110” (\ . . . . . . ..2*5 j)er cent. 

2. Light oil, up to 210° .. ..5*0 „ 

3. Garbolic oil (for carbolic acid and 

naphthalene up to 240° . . 1 07 • 

4. Creosote oil, up to 270° . . t ^ ** 

5. Antlu*accne oil, above 270° . . 10 *0 ,, 

6. Pitch (with this yield the pitch is 

hard) .. ..55*0 







1 . GENERAL ARRANGEMJ5NT OF TAR 
DISTILLING PLANT 
(Loeds an<l Bradford Boiler Co., Ltd.) 



2 . PLANT FOR RECTIFYING BENZENE 
(F. H. Meyer, Hannover) 
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^'lic more important aiibstancofi obtained from 
these several fractions are indicated by the titles, 
'rile ** first i;unningR,*’ consisting of naphtha, come 
over with some aqueous ammoniacal liquor and 
float upon it. 

The “ light oils,” or “ second runnings,” are 
collected until they appear neither to sink or to float 
ui water — that is to say, until they are ns heavy as 
water. This fraction consists oi benzene, toluene 
and “ higher homologues ” [for which see 
(3rganic dhemistryl, and a certain amount of 
carbolic acid, naphthalene and other substanees. 
The greater part of the carbolic acid and naphtha- 
lene are contained in the third fraction, the “oar- 
l)olic oil,” and as naphthalene is a solid substance* 
at the ordinary temperature, the solidification of a 
few drops of the distillate on a piece of cold iron 
shows when it is time to change the receiver aiul 
to begin collecting the carbolic oil. 

The Li^ht Oils and their Treatment. 
To separate the substances contained in the light 
oils, they are fractionally distilled or rectified in a 
plant similar to a tar still. 

Wurtz states that after two fractionations, the 
following results arc obtained : 

(a) Product up to 120'' containing benzene and 
toluene. 

(h) Product from 120’ to 127 
containing solvent naphtha No. 1. 

(c) Product from 127" to U(t 
containing solvent naphtha. No. 2. 

(d) Product from 140° to 150' 
ccmttiining solvent naphtha No. ,*1. 

(e) Itqsidue, which will contain the 
phenol and naphthalene. 

Product (a) is further purified 
by washing with chemicals, usually 
strong sulphuric acid and alkali. | 

Plant for doing this is described 
under Washing Turpentine [see 
Wood Distillation]. It then uii- 
dergcx»a further rectification by 
steam. The plant is shown in 2- 3. T.va ST, 

on the left are the two washers, and r'TTwv^T'i 

on the right the dmtflling plant 

Jlenzeno is a body of great jm- 
portanee, as it can bo converted into nitrobenzene 
or oil of rnirhane, a substitute for oil of hitter 
almonds, and thence into aniline, the mother suh- 
staiico of many of the aniline dyes. The United 
Kingdom produces several million gallons of 
lienzcne yearly. Benzene and naphthalene arc also 
u.sed for solvent purposes, and for carburetting 
coal gas. 

Carbolic Oil and Carbolic Acid. ^^V 
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devised 3 "ears ago by the French chemist I..aiircnt. 
It is treated with alkaline liciuor (carbonate of 
soda), which combines with the carbolic acid, 
phenols and higher monologues (crcsols), in virtue 
of their acid natures. The mixture loft to itself 
will separate into two layers, an oily and an 
“ aqueous ” or watery layer, so that the resulting 
salts, earbolutes, being soluble in the aqueous 
la^'er, can l)e removed, and the remaining oil 
contains higher “ homologues ” [see Pure 
Chemistry] of benzene, nax>hthalene, and pyridenc 
bases. The oiieration is carried out in mechanical 
mixers, heated and agitated by a current of air or 
other means. [Illustrations representing similar 
mixers to these may be seen in the article on 
Wood Distillation.] As phenol is a stronger acid 
than the cresols, moat of it may be removed from 
the oil, leaving the eresola Indiind, by adding alkali 
in successive small quantities. The liquor eonta ining 
the enrbolates is decomposed with sulphuric acid ifi 
a lead-lined agitator ” or “ mixer.” 

Pure carbolic acid is obtained by distilling; tlu* 
distillate ])assing over Ixdween 180° and 20.5° C, is 
allowed to crystallise and the crystals are sejinrated 
from the mother liquor. The carbolic oil contains 
some pyridine bases, which arc used largely in 
Ciermany for denaturing ” pur- 
poses (rendering spirit undrinkable). 
Uses of Creosote OH. ^^V 
pass now to fraction 4, the creosote 
oil, wlikh distils between 240’ and 
720° V, 

Lunge describes the uses of creo- 
> sole oil as follows ; 

(a) Rectification, to obtain more 
valuable products. 

(h) Passing tbrongb red-hot 
tubes, to obtain illuminating 
gas, and more readily saleable 
livdrocarbons. 

(r) Pickling limber to preserve the 
woikI. 

SilowiNc .SoftwiiiR hard jiitcli. 

‘ ('■> PirpuriiiK vaniishoH. 


(/) Lubrioatinp oil either m the 
crude state, or after undergoing 
nitrobenzene special treatment, 

oil of bitter ((f) Burning for heating pur])oscs. 

' mother sub- (h) Burning for lampblack. 

The United (/) Lighting. 

1 gallons of (j) (’arburetting ga-i. 

inlcne arc also (/.*) As an antiseptic, 
carburetting (/) Blue steaming of bricks. 

For lubricating purposes the x>hcnols (“ acids ") 
Acid. e must first be removed. This is commonly cfTcctcil 


now pass to fraction ,3, the carbolic oil, w'liicb 
forms 7 t>cr cent, or 8 jKjr cent, of the total distil- 
lates. On cooling down, 25 })er cent, to 30 per 
cent, of the nnplithaleiio crystalliaea out. This 
substance is one of the most abundant constituents 
of coal tar, of which it forms 5 |)cr cent, to 10 per 
cent. In the crude state it is used for carburetting 
gns. It is purified by hot-pressing — that is to sa.y, 
pressing out the mother liquor wriile the mass is 
hot. [For chemical and physical characteristics 
of naphthalene and other bodies derived from coal 
tar, see Organic Chemistry.] 

Naphthalene i.s the mother substance for making 
phthalie acid, and thence the phthaloin colours, as 
for instance, eosinc and phloxine, also )5^-naphthoI 
and nzo-d^ derivatives, and in the manufacture of 
artificial indigo. The oil, from w^hich the greater 
part of the naphthalene has crystallised out, is 
8ep.T rated by a very beautiful chemienl process 


l>v means of lime, which, being alkaline, combines 
with ]»lK*nols, just as in Laurent’s proeess. The 
resulting oil, when mixed with rosin oil and ozokerit 
(earth wax) yields a serviceable cart grease. For 
liglitiug ])urposes it is hiirned in special lam))s, 
and prixinccs a bright, roaring flame, such ns may 
be sf*en in the streets at night where road re])airs 
nr building o|XTationR arc carried on. As for anti- 
septic pur] loses, it would be bettor to separate those 
substances such as phenol, oresols, etc., to wliich the 
antiseptic projierties of the oil arc due. Owing t<» 
the expi'iise of this treatment, the untreated oil 
is used in the form of an cimdsion by mixing with 
n. soai> sneh as a soda rosin soap [see Soaps, 
]»age 4fifl3]. It will owe its activity as disinfectant 
to the finely-divided state of the xihenols, wiicii 
pi*eparod in the form of emulsions. Such substances 
are .sold as creolin,” ” oresolin,” “ disinfertol,” 
etc. Others, ” sapocarbol,” “ lysol,” are pro]mred 
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(German Patent 52,129) by mixing the oil with 
reHin or linseed oil and saponifying with caustic 
]>otaBh and spirit of wine under a “ reflux ” con- 
denser. Thick oils are thus obtiiinod which have 
the advantage of dissolving easily in w ater. 

Pickling Timber. For preserving wood, 
creoMoting \9, more commonly adopted than an v other 
method (others consist in heating' W'ood with solutions 
of corrosive sublimate, zinc chloride or copper 
siilphate). Before ereosoting, the moisture 
must be removed by stacking the timber for 
six monllis or so. 

The operation is 
carried out in 
s|>eeial plant. The 
wood is put into 
a boiler capable 
of withstanding 
<’ o 11 s i d c r a b 1 e 
pressure. The air 
is then exhausted 
and hot oil run in 
1o fill the whole 
i»oiler with the exception of 
the top. The air exhaust 
under the influence of the liot 
moisture is withdrawn from 
wood. The contents of 
jeeted to pressure 



4 . HORIZONTAL RETORT, WITH GOOLINO-BOX FOR THE 


a dome situated on 
is krj)t working, and, 
oil, all air and 
the ]iores of the 
the boiler are then sub- 
by which the oil is driven into 
the pores, from whi(^h the air has been sucked out. 
In this ])rocess (Boulton, British Patent 1854-1879) 
wet, unstacked wood can be used w ithout previous 
treatment. The method of ereosoting or pickling 
can also be ajiplied to s|iils, ropes, fishing-nets, etc. 

According to Williams, pyridenc and tjuinoline 
bases arc the active constituents in preserving 
timber. The ereosoting is, however, both a chemical 
and mechanical process, and the “ indifferent oils ” 
play an important part, leaving out of considera- 
tion the chemical effect of the i)henols and the 
acids, 'riie oil being forced into tlic w'Ood seals the 
pores and prevents the entrance of water. 

The Mother Substance of Many 
Dyes. We come now' to fraction 5, the anthracene 
oil (green oil, green grease, red oil), which boils above 
270° C. (tbermometcT in va])our). It consists 
largely of solids, which crystallise out on cooling, 
and of which the most imjiortant is anthracene. 
Thc'sc solids are separated by pressing, the residual 
oil going back to the heavy oil. 

This 8C])aration may be effected by 
filtering through canvas bags by 
means of filter or hydraulic 
presses. The residual 
mass contains about one- 
third its weight of an- 
thracene. It is then 
]X)wderod and washed 
with naphtha in closed 
iron cylinders provided 
with mechanical agitators 
and heated by a steam 
coil. The naphtha is, of 
course, recovered by dis- 
tillation. It leaves behind 
number of hydrooar 



bons, especially phenan- 
threne (see Organic Chemistry], which are used 
for making lampblack. 

Oudo anthracene is a brownish-green mass. 
Final purification is effected by sublimation. In 
England a larger yield of anthracene (London tar 
0*8 per cent, to 0'9 per cent.) is obtained than on the 
continent (German and Dutch w'orks, 0*3 per cent. 
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to 0 4 per cent.). The United Kingdom produces 
about 6,000 tons of a 30 per cent, product annually. 
Germany consumes 1,400 ions pure anthracene 
in the alizarine dye works. 

Coal-tar Pitch and its Uaea. The 
residue left in the retort will vary in quality accord- 
ing to the amount of oil distilled off, yielding either 
a soft or hard yiitch. For the manufacture of patent 
fuels soft pitch is preferred, and processes have been 
devised for “ revivifying ” hard pitch, by incorpora- 
ting with it creo- 
sote oil or crude 
tar. Tar y)itch is 
is largely used for 
making varnishes 
[see Paints and 
Polishes, 

5141J, and also 
as asphalt for 
paving. In the 
latter case it is a 
GHARCOAL substitute for 
natural asphalt, 
but only in combination with the latter [sec page 
2425]. Pitch may also be redistilled in s})ecial 
ovens ill order to obtain a further yield of the 
valuable anthracene. Coke is left beliind at the 
end of the operation. 

WOOD DISTILLATION 

In the various countries where there is a plentiful 
wood su))ply, particularly in S(;andinavia, (termany, 
and North' America, a portion of the ojitput- is 
utilised in the manufacture of chemical products 
by subjecting the wood to destructive distillation. 

Wood consists es.sentially of 30 |)er cent, to 60 per 
cent, cellulose with about 12 per cent, of moisture and 
a small quantity of resin, mineral matter, etc. After 
deducting rnoi'sture, common woods contain about 
50 yier cent, of carbon and 6 per cent, of hydrogen. 

The effect of heating is, in the first pla(*c, to drive 
off water, after which the wood begins to char and 
volatile decomposition products are given r)fl, 
whicdi are condensed by suitable means. 7 bey 
consist chiefly of methyl alcohol or wood spirit, 
tarry .substances, and 
a weak solution of acetic; 
acid, which collect in the 
receiver, while charcoal 
remains beliind in the 
retort. Gases consisting 
mostly of carbon mon- 
oxide, carbon dioxide, 
and marsh gas, are also 
evolved. Tne charcoal is 
directly marketable. The 
gases are usually led back 
and burned under the 
retorts while the distillate 
is worked up on the fol- 
lowing lines. 

It is first roughly 
separated into aqueous 
liquor and tar. The 
aqueous liquor, which 
consists mainly of weak 
acetic acid, termed pyro- 
ligiieo^ia acid, can be employed directly for making 
iron mordant by dissolving scrap iron in it, the 
product consisting of a mixture of impure ferrous 
and ferric acetates, the so-called black liquor or 
iron liquor. Or litharge may be dissolved in it, and 
the resulting sugar of lead purified by crystallisation. 
It is, however, more usual now to subject the crude 
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pyroligneous acid to a careful separation. The 
liquid, which is dark brown in colour, and has a 
strong cmpyrcumatic odour, consists in tlic niain of : 
5 to 10 per cent, of acetic acid 
O’l „ 0*2 „ „ acetone 

1*5 „ 3 „ „ wood spirit (methyl alcohol) 

(^ „ 10 „ „ tar 

77 „ 87 „ „ water 

and other products. 

The acid is distilled, and the vapours led through 
milk of lime, which combines with the 
acetic acid and any other acid sub- - 
stances, while the greater ])art of the I 
steam and wood s^iirit vapours pass on, 
and are collected in a su i ta bio condenser. '^■***^ 

Crude Products and Yields. rl 

Wc now have our crude products ; L 

separated in three parts : 

1. The tar which remains behiml in g 

the retort. r^ONrFisrTB 

2. The solution of calcium acetate ^ ^ " 

with a ctmeentrat ion of ahou 1 1 5 ikt cent. acbt. 

3. The solution of wood spirit in water — of from 
() j>er cent, to JO )>er cent, strength. 

The crude calcium acetate Inpiors yield on coii- 
centratiou a j/rc// calcium acetate containing 80 }ier 
cent, to 84 jier cent, of the jaire acetate which serves 
as raw material for the preparation of acetic acid 
and acetatt^s, A brown acetate of lime is also 
manufactured containing 00 ]H‘r cent, to 70 per cent, 
of the pure acetate. 'Plie crude wood spirit is 
rectified in special distilling plant (dephlcgmators) 
fitted with condensers, and yields an 80 })er cent, 
wood spirit, the raw spirit of commerce. 

Returning now to the larger quantity of tar 
separated mechani(!ally from the acjiieous li(juors, 
if this tar be distilled it can be separated into a 
liquor containing some acetic acid and wood spirit, 
a light and a heavier tar, and, finally, wood pitch 
(Stockholm tar), which remains behind in the stills. 

The yields are approximately as follows : 

20 per cent, of acetic acid and wood spirit 
5 ,, „ light tar oils 

10 „ heavy tar oils 

The woods employed fijr £ /I 

distilling belong 1o one of S 

two classes. They are t*ither « I*'? / / ■ 

woods of deciduous trees — ii # / 1 

that is to say, trees that lose ;j n S n 

their leaves in autumn [see i; A S 

page 4070] — or of some variety !1 if S 

of pine tree (conifers). 'They !' 
are treated , 

of deciduous 

trees yields a maximum of wood spirit and acetic acid, 
while the Ur is of little or no value. On the other 
hand, the wood of pine trees, of wdiieh usually the 
stumps and roots are employed, yields, in addition to 
a small quantity of wood spirit and acetic acid, a 
valuable pitch (Stockholm tar) and some tuiqientine. 

According to Rudnew the acetic acid obtained from 
100 parts of different kinds of w'ood is as folio w^s : 


Linden . . 10*24 parts 
Birch , . 0*5 

Aspen . . 8*06 

Oak . . 7*9 

Pine . . 5*6 

The wood was “ 
at 150° a to 300° C. 


rts * . . . 5*2 parts 

, Cellulose from 

, birch . . 6*2 „ 

, Cellulose from 

pine 5*0 „ 
distilled ” from glass vessels 


,tion, me Xhe Still in Operation. We wu’ll now 
and has a describe in more detail the process of distilling wood 

he main of: and the preparation of acetic acid, acetates, methyl 
alcohol and acetone. 

Before the wood can be put into retorta for dis- 
lyl alcohol) t illation it has to be stacked for one or two years 
in order to get it as dry as possible. It is taken from 
the drying sheds, put on to small trucks, and taken 
to the retorts. These consist of horizontal cylinders 
led through [ 4 ], which are heated so that the iiames do not come 
— direct contact with the metal, hut 
I Pf;ji!|!j arranged so that the hot Hue gases 

I surround them. This is necessary to 

\ prevent over*hcating of the retorts and 

r subject the w^ood to as uniform a 

! I g lemjieratiire as possible. 

^ The w^ater and other products formed 

are carried into tubes surrounded by a 

6, PAN FOR cold water-jacket, arranged so that they 

CONCENTRATING C\L- ^ readily cleaned out should they 

CirM ACETATE UQUOM f ♦ sto,>i)ed Up at any time In these 
tubes the w hole of the volatile matters 
^r — of from condensed w'ith the exception of the gases. 

The former collect in a vessel or receiver. On 
•Id on coil- their way they pass through a small separator, and 

niiig 80 }ier a ]>i))e from this leads the gases back to be burned 

'll ich serves under the retort. A number of these retorts are 

acetic acid arranged alongside one another, 
me is also Jn the first stages the distillate is clear, and has 
70 per little odour, being almost free from acetic acid and 

d spirit is later on the distillate becomes darker in 

ilegiiiators) colour owing to the presence of a considerable 

0 })er cent. proportion of tar, while gases arc given off in larger 

quantities. In the final stages (he gas evolution 
Lity of tar slackens, and the condensed liquids consist almost 

lus liquors, entirely of t/ar. When the distillation is comnlctc, 

ited into a the front of the oven is opened, and worKiiien 

vood spirit, immediately seize hold of the basket in which the 

wood pitch wood lay in the retort and draw it. out. As soon 

n the stills. as the hot charcoal comes into contact with the air 

iw's : it catches fire. This is put out by sprinkling it 

ad spirit with a little W'ater, and the charcoal is allow'cd to 

^ cool in an iron vessel with the 

jiw ulBBi 1'*^ luted on, so as to 

prevent access of air. The 
jf i*ooling-bo.\ is seen on the 

ff /AjfflWMKjpt I j right-hand side of 4 . The 

E f 1 r distillate from the different 

E Jf retorts eollects in large 

M iipii«||L--- wooden vats, where the tar 

s S ■ separah's out. and is run out 

B ” T from a tap at the bottom 

from time to time, while the 
^ 'Tyil aqueous liquors overfiowfrom 
f ^ Yat into a series of vats 

7 . CYLINDER FOR DRYING m all— wlie^re the tar 

CONCENTRATED CALCIUM the last vat prac- 

ACETATE lAQuoBS 'separation" of “the 

acetic acid. Products. The crude aqueous liquors arc pumped 

i) the other u}i into a eiHt<.*rn, whence they are run into a largo 

usually the copiier retort |6], which is in connection with two 

addition to smaller copper vessels containing the milk of lime. 

3tie acid, a The large retort is heated by a steam coil, and the 

tmqientine. ])roducts, consisting chiefly of methyl alcohol and 
tninedfrom acetic acid, arc driven over and collect in the smaller 
follow^s : vessels confiiining the milk of lime (triple still system). 

5*2 parts plant is arranged so that the vapours pass 

1 *" through either or both of the milk of lime vessels. 

(P2 The greater part of the steam and methyl nlcoliol 

I ” pass on, and are condensed in a suitable condenser, 

5-0 seen on the right hand of 6. 

ass vessels The s])ecific gravity of the distillate is taken 
continuouslv by running the liquor through a vessel 
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[provided with an hydrometer. The first portions, them. In tliis way the portions containing witer 
being much richer in methyl alcohol, show a low are returned to the boiler, while the more volatile 
sf)ecilic gravity. When the instrument shows that portions, consisting of methyl alcohol, escape from 

the 8x>ecific gravity of the condensed vapours is the top of the tower and are 

practically equal to that of water, it may be takeu j ’[ j L- " "« led into a condemscr. A 
that the whole of the methyl alcohol has been ,[ ^ Lfj wctional drawing of similar 

driven off. There is, therefore, no need to condense imST: ■ plant for treating ammoni- 

the va|Kjurs, which come over in the latter part of acal liquors is shoim in the 

tlie oj>eration, as they consist wholly of steam. . j j vl Acid and Alkali section [20. 

Take the case of 1,(K>0 gallons of crude liquor ^ ! page 47 7d]. 

from bt‘ech wood, which will contain about 275 lb. IJ There remains only the 

of wood s])irit; at least 270 gallons of weak aqueous ► tar to he dealt with. That 

wood spirit will distil over bi'fore the whole of the separated from the aqueous 

wood spirit is condensed. The first portion, con- liquors is usually burned 

taining HO i)er eent. to 40 per cent, of methyl ^ under retorts by means 

a l(“ohol. is usually collected apart in a separate bulk: f’prays, in exactly the 

the weaker liquors, containing up to 15 i)er cent, of sriine .manner as coal-tar is 

woml s]>irit, are also separately collected. humt. 

Before all the wood spirit is driven out of . larger quantity 

the big eopiaT retort in which the liquor was I crude tar is sub- 

originally placed the acetic acid will begin l^"*^^**** 1 jected to a distillation 

coming over, and as soon ns the milk of j -li !; ' [In ] to recover the acetic 

lime in one of the smaller vessels shows an 1 j ■ , ' — sJL ■ J ^ and metliyl 

acid reaction to litmus it is run out, and I ' | », ^ contained m 

the vapours and steam led into the second iii " J I , ^ J 

vessel. The crude acetate of lime collects in , , J- - C O li i f©rouS 

tanks, and contains about 20 per cent, of Wood®. The fore- 

enlcium aeetate, so that a large quantity i)f 8. Pl.ANT FOR RK(TlFVTN(i WOOD lacing description 
water must be diiven off before the eom- SPIRIT (METUYb Aix oiiOL) applies chiefly to 

mcrcial dry calcium acetate, containing beech wood and the 

al)out 80 js'r cent, ])urc acetate, can he obtained. wood of other deciduous trees, and requires some 
"i'his coueentrntion of the liquors is not easily modification if applied to y)ine woods, as the latter 

carried out. heenuso at a certain stage the material contain resin, which yields lur)>entinc when the 

gets into a pasty condition and recpn'res consider- wood is distilled. 

able mechanical force to keep it stirred to y»revent As turi>entine is a valuable )>rofluct, the distil- 
any of it being overheated. The concentration is lation of pine w^oods is a profitable ojx'ration, in 
usually effected in a j^mketed steam pan [6], and the spite of the much smaller yield of atjetio acid and 

concentration carried only to a certain stage, when methyl alcohol. H’he t\irj)entinc collects in the 

it is transferred to a cylindrical drier with internal same receiver with methyl alcohol, after the vapours 

revolving arms. Thew‘ arms are provided with driven off from the large retort have passed through 

seooj>s. Hot air passes up the ciylinder, which the milk of lime, and separates out as a distinct 

set at an inclination so tliat the material travels layer, which may be drawn off. 

down the eylinder, leaving it in the dry state at the Owing to the pn‘seuee of small (piantitie.s of nllyl 
lower end, whence it is deviated to a storage bin (7 1. compouml.s, it lias a yxmetrating smell, and the 

The crude methyl alcohol, w^hicJi is only about vapours irritate the eyes. No amount of further 

10 ]>er eent. strength, is rectified in a s]>ecial j)lant distillation will rid the crude tiiryamtine of this 

J8] consisting of a boiler heated witJi a steam coil, impurity.jnidrccourseishadtochciuical treatment. 

on wdiieli stands a towrr divided into a great numlrer The crude tury>entinc is run into an iron vessel 

of eonipartments by perforated j)lates, bTnied a provided with mechanical agitators [9], and a 

a dcpldcffwator. There are many quantity of c aust ie soda liquor added. This extracts 

patterns of these yjlates, Imt some of the impurities, such as aldehydes, phenols, 

E£:» they are all arranged so that etc., the licpior changing to a brown colour. Ii is 
* th(^ vapours run off, and the oil washed with water in a similar 

. passing up luauner — that is, w'ater is run in, the agitators set 

CZIZ?! from the going, and after sufficient treatment the water run 

r boiler en- off again. Following this washing with soda, the 

k ? ? counter the. crude turyamtine is treated in a similar manner with 

r^J liquors de- sulphuric acid, and finally rectified. 

* Hi' 'X f seending, and Acetic Acid. As already mentioned, the crude 
^ i IBs forced to sodium acetate is the material from wiiieh the pure 

i i'll I' iBsiX bubble acetic acid is yirc*pared. For this purpose the sodium 

(II I j || I ||| through acetate is acted on with either hydrochloric or 

\ sulyihiiric acids. For 100 lb. of (;aleium acetate 

1 C V hydroc'hloric acid of 20° to 21° B. is 

^ Y ^ ^ recpiired. The two are thoroughly stirred up and 

' ^ li allowed to stand, when the small quantity of tar 

contained in the acetate of lime rises to the surface 
I skimmed off. The liquor is then heated in 

[ • ]1 eopyier boilers by means of steam coils, and the 

MHN ' ac'etie acid vapours are driven off and condensed. 

I Theoretically, 100 parts of the crude grey acetate 

' I I > of lime, containing 82 per cent of the pure sub- 

9. PLANT FOB AGITATING TAB OILS OR TURPENTINE .stance, sliould yield fiO parts of glacial acetic acid ; 
WITH CHEMICAI^S, AND DISTILLING THE PRODUCT but this vield is never obtained in practice, as a 


f)rovided with an hydrometer. The first portions, 
being much richer in methyl alcohol, show a low 
sy)ecific gravity. When the instrument show's tliat 
tile syiecific gravity of the condensed vapours is 
yiractieally equal to that of water, it may be takeu 
that the whole of the methyl alcohol has been 
driven off. There is, therefore, no need to condense 
the vayKjurs, which come over in the latter yiart of 
tlie oyieration, as they consist wholly of steam. 

Take the ease of l.tKK) gallons of crude liquor 
from bt‘ech wood, which will contain about 275 lb. 
of w'ood s])irit; at least 270 gallons of weak aqueous 
wood spirit will distil over bi'forc the whole of the 
wood 8y»irit is condensed. The first portion, roii- 
taining HO yier eent. to 40 -per eent. of methyl 
al(“ohol, is usually oolleeted apart in a separate tunk: 
the weaker liquors, containing uy> to 15 yier cent, of 
woml syiirit, are also separately collected. 

Before all the wood syurit is driven out of 
the big copyaT retort in which the liquor was 
originally yaaeod the acetic acid will begin 
coming over, and as soon ns the milk of j 
lime in one of the smaller vessels shows an I 
acid reaction to litmus it is run out, and 
the vapours and steam led into the second 
vessel. The crude acetate of lime collects in ..f 
tanks, and contains about 20 j^er cent, of 
cnlcium acetate, so that a large quantity i)f 8 . PI. 
water must be diiven off before the com- <5 

mcrcial dry calcium acetate, containing 
al)out 80 js'r cent, yaire acetate, can be obtained. 

H'his coneentrntion of the liquors is not easily 
carried out. heenuso at a certain stage the material 
gets into a pasty condition and re((uires consider- 
able mechanical force to keep it stirred to yirevent 
any of it being overheated. The concentration is 
usually effected in a jimketed steam pan [6], and the 
coneentrntion carried only to a certain stage, when 
it is transferred to a cylindrical drier with internal 
revolving arms. Thew‘ arms are yirovided with 
seooj>s. Hot air y^nsses up the ciylinder, which i« 
set at an incliiintioii so tliat the material travels 
down the eylinder, leaving it in the dry state at the 
lower end, W'hence it is elev’aled to a storage bin {7|. 

The crude methyl alcohol, w'hicJi is only about 
10 ]>cr cent, strength, is rectified in a syiecud yilant 
JS] consisting of a boiler heated with a steam coil, 
on wdiieh stands a towrr divided into a great numlier 
of eoniymrtments by perforated j)lates, txTnied a 

a depJdrgwalor. There are many 
yiatterns of these y»lates, hut 
p£:» they are all arranged so that 
th(^ vayiours 
passing up 
'U— — from the 
} boiler e n - 

I * 1 counter the. 

' Hi' ^ 


WITH CHEMICAI^S, AND DISTILLING TIO 
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but this yield is never obtained in practice, as a 




certain amount of noetic acid is held back by the 
chloride of calcium licjuor remaining in the l>oiler. 

Acetic acid prepared by this method is usually 
of about 45 ]>er cent, strength, and as such is 
brought into the market. It could be concentrated 
by rectification, in ])lant built on similar lines to 
that used for rectifying methyl alcohol ( 8 ]. 

Nowadays, the tendency is to use 
sulphuric acid instead of hydrochloric 
acid for lil>erating acetic acid. It 
will be seen 
that whereas 
the liquor in 
t he boiler 
re ma in s 
fluid 
w h n 



10. PLANT FOR MAKING CRUDE A<'ETIC ACID 
BY SULPllURlt; ACID PRO<'BSS 


using the latter acid, this i‘^ nut the ease when 
working with sulphuric acid, as insoluble calcium 
sulphate is formed in the reaction. This necessitat^'K 
fitting the boiler with mechanical stirr<Ts f lOj. 

Further, when using sulphuric acid (*ertain other 
decompositions take place simultaneously, with the 
result that some sulphur dioxide is formed, and the 
acid is not so pure as that obtained by the hydro- 
chloric acid ]n’occss. The difficulty may be got over 
by adding an oxidising agent, such as pyrolusite, 
to the contents of the still. The sulphuric acid 
process has, however, this great advantage, that 
as the liquor is not diluted, the acetic aciil is ob- 
tained in a mon^ biglily concentrated state — that is, 
as liigh as 75 per cent. 

The more eonccnlrated the acid the higher the 
tcuqioraturc at which it boils. By distilling in a 
suitable retort, fitted with a de})hlegmator, the most 
comicntrated acid — thcso-callcd (j/acial ixcctiv acid — 
is obtained. The term “ glacial ” is given to it on 
account of its ])roperty of solidifying to a hard, 
ice-like mass in moderately cold w'eatlier. 

Tn many cases it still contains a little suI]>}uirou8 
acid and other organic impurities. To obtain the 
absolutely pure aiud for pharmaceutical or similar 
imrposcs, it is distilled over permanganate or 
nicliromate of potassium in a cojqicr retort pro- 
vided with a silver condenser. It should be 
eolourless and water clear, and should not decolorise 
a solution of jiotassium pcnminganate. 

Acetone. Acetone is prepared in large 
(luantifies for use in the celluloid industry, and 
for gelatinising nit ro-cellu lose in the manufacture 
of smokeless pow’ders. Very large quantities 

are imported into this country by our Govern- 

ment for this purpose'. Acetone is obtained 
on a large scale by distilling calcium acetate. 
Special forms of retorts are employed, sometimes 
provided with stirrers similar to "those used for 
making acetic acid by the sulphuric acid pro- 
cess [ 11 ]. 

The yield obtained dejx.‘nd8 very much upon 
the manner in which the crude material is 

heated, and the retorts are arranged so ns to be 
surrounded by the hot flue gases. At first, 
water distils over, as even “ dry acetate of 

lime contains some moisture in combination. 
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after which nothing comes over for a little while, 
until the acetone itself makes its appearance as a 
dark brown distillate with a characteristic odour. 

During the process, inflammable gases are given 
off, owing to secondary decompositions, and these 
^ases must be removed from the retort by a steam 
jet before the latter can be oj^ened. 240 lb. of 
crude acetate of lime yield about 22 lb. of crude 
acetone, and the jet of steam led into the retort at 
the end of the o})eratioii carries over about another 
4 lb. The illustrations in the wood distillatioii 
section are from machines constructed by F. A. 
Meyer, Hannover-Hainholz. 

Coal«tar and Wood Products. The 

different products obtained in the distillation of 
coal and wood form the raw materials for the 
manufacture of a host of valuable substances which 
include most of the disinfectants and dyes, as well 
as synthetic remedies, artificial perfumes, and 
saccharin. From the chemi(‘al point of view, the 
composition of these substances is extremely com- 
plicated, and their manufacture not less so. A 
thorough knowledge of organic chemistry is neces- 
sary for anyone w'lio desires to follow, step by step, 
the stages by which these substances are built up 
from such mother substances as benzene, toluene, 
])henol, cresol, naiihtlialene, and anthracene. 
Besides these coal-tar products, w'o have the acetic 
acid, acetone, and methyl alcohol as raw materials 
obtained from wood. \Ve must, therefore, content 
ourselves in the majority of cases with a hare 
enumeration of some of these products. It will be 
realised that even this must b(‘ done inadequately, 
when we consider that there arc, for instance, several 
hundred coal-tar colours known. 


Disinfectants. For use as a disinfectant, 
a chemical suhstance is not required in a high state 
of purity, and consetpiently W'c have already had 
occasion to mention phenol and cresol, and other 
products of the distillation of coal, which may be 
applied in the crude slate. A mimlx'r of other 
disinfectants which have' liecn pro] la red posst'ss a 
similar chemical constitution, and are known as 
hydroxy derivative^ of benzene and its liomologues. 
One of these, ]>yro- 
gallic acid, finds ex- 
tensive use as t 
develo|>er in j^hoto 
grajihy. Most 
of the oilier 
photograpliic 



11. PLANT FOR PRO- 
DUCING CRUDE ACETONE 
FROM ACETATE OF LIME 


develoiiers arc similarly constituted, but of more 
complicated constitution. We should not omit to 
mention a valuable disinfectant called formaline^ 
consisting of a 40 per cent solution of formaldehyde, 
obtained by passing a mixture of air and the vapour 
of methyl alcohol (wood spirit) over hot copper oxide. 
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Excess of methyl alcohol is always osod in iiractiee, 
and some 30 or 40 per cent, unacted upon is re- 
‘ covered in a subsequent o}>eration. The greatest 
care is necessary in maintaining the right propor- 
tions of methyl alcohol vapour and air, otherwise 
disastrous explosions may take place, or else the 
oxidation may go too far, so tlvpt the whole of 
the formaldehyde is oxidised to formic acid, with 
rise of tem^^erature. 

CoaUtar Colours. These are sometimes in- 
oorrectiy termed aniline dyes^ for although some of 
the more important are derivable from aniline and 
its congeners, this is by no means always the case. 
The aniline dyes are, in the first instance, derived 
from benzene, toluene, naphthalene, and other 
hydrocarbons, by acting on them iirst with nitric 
acid, to give the corresponding nitro-compountls, of 
which nitro-benzeno is the simplest representative. 

It is a yellow oil, smelling of almoncls (essence of 
mirbane). These nitro-comiujunds are reduced with 
iron or zinc in hydrochloric acid solution, yielding 
aniline, tohiidene, naphthvlmine. etc. 

CeH, . NO, . NH, 

Benzene Nilro-benzenc Aniline 

Aniline is a colourless oil of jicouliar odour, whi(‘h, 
together with analogous substances, yields the dyes 
of the rosaniline group, ineluding magenta and 
. fuehsine, and a great number of others. There are 
also the indulines and safraniiies, “ basic ” dyes of 
a blue or darker shade. [For an explanation of 
the terms “ basic,” acid,” “ adjective,*’ ami 
‘substantive” dyes, see Paints, page 
.Aniline black, made by carefully oxidising aniline, 
is of imiiortance in cotton printing. Methylene blue 
is an important sulphur containing dye. Passing 
from the aniline dyf's we come to the phenol dyc- 
stulTs — mostly acid dyes — nitro-dcrivalives of the 
phenols. Picric acid (trinitro-phenol), a strong, yellow 
dye, may l>e taken as an example. One part in l,(KK) 
will dye silk a distinct yellow. Victoria yellow and 
Martins* yellow are other dyes of this class. 
Naphthalene oxidised to phthalic acid combines 
with the phenols to ju'eld the phthalein colours ; 
some of the lx*Ht known are crythrosine, cosine, and 
]ihloxine. In addition, there are the roHoli<‘ acid 
and indo-phenol dyes. 

Artificial Madder and Indigo, 'rhe 
third important group eonqaises the azo dyes, 
'^rhey are charneterised by the azo grouping, com- 
posed of two nitrogen atoms ( — N — N — ), in com- 
l>iuation with an amido (NH.,) group (amido-azo 
compounds) or a phenolic (OH) group (oxy-azo 
com]>ounds). The simplest representatives will be : 

Amido-azo benzene C\,Ha — N —N - C„H 4 (NH.,) 

Ox3--azo benzene (OH) 

Colouring matters of this type, but usually of more 
eomj>licato(l constitution, are known reH|>ectively as 
chrymidines and tropceolin'^ft. They are mostly 
yellow, brown, or searlet dy(*s. As examples, we 
may rite Bismarck brown, crocein scarlet, and 
pben^dene brown. Methyl orange, used as an 
indicator [see Acids and .Alkalies] is also an amido- 
azo compound. 

Anthracene is the basis of another important 
group, which includes alizarine (the artificial 
madder) and numerous other dyes, alizarine orange, 
alizarine blue, ])urpnrine, and many similar 
substances. 

Quinoline and aendine. two other coal-tar pro- 
ducts, jMcld valuable dyes. Finally, we have 
artificial indigo, noM" manufactured on a cojnmercial 
scale, and which is re))lacing the natural product. 
The chemical reactions involved in its mnnufnetnre 
are exceedingly complieatecl, 
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Artifical Perfumes and Flavouring 
Matter. Like the coal-tar colours we have just 
discussed, the nature of these substances is 
generally very complex, and they may conveniently 
he divided into two classes. There are, firstly, the 
synthetic products, w'hich are, as far as we can 
Judge, identical with the naturally occurring suh- 
stanees. Secondly, there are artificial products, 
usually mixtures, of different chemical sunstances, 
not identical with the natural })roduct, but closely 
resembling it in odour or flavour. 

Oil of Bitter Almonds and its Sub- 
stitutes. To take the simplest instance we ran 
think of, natural oil of bitter almonds is formed by 
the hy<lrolysis of a substance called amygdalitis 
which, owing to the ]>resence of a natural ferment or 
enzyme (eniulsin) occurring with it in the bitter 
almond, is decomposed (hydrolysed) with the f(»r- 
mation of benzaldehyde, to which the odour and 
flavour of bitter almond is due. 

Now, l>enzaldehyde, C„H . CHO, can be synthesised 
(built up) artificially from toluene, a hydrocarbon 
allied to benzene, (k-c 11 rring in the distillate of coal- 
tar. Hence benzaldehyde is to be regarded as a 
true synthetic product. Its manufacture on a 
commercial scale has Ix'on brought about through the 
following stages: (I) isolation and examination of 
the natural oil resulting in the elucidation of its 
chemical constitution: (2) the 85mthosis of this 
substance from simple commercial products, in this 
case toluene, as a result of laboratory work, based 
on purely theoretical considiTations ; (3) the 

adaptation and. if necos.sary, nuMlification of labora- 
tory work, to the conditions of commercial 
manufacture. 

Jjeaving now the true synthetical products, we 
come to the second class of artificial substances. 
As a result of research in the laboratory, a substance, 
nitro-benzene, (’nH,,N().,,. was obtained by nitrating 
benzene. It is a yellow oil (benzaldehyde is 
colourless), having an odour strongly resembling 
oil of bitter almonds, and is largely used for flavour- 
ing, under the name of “ essence of mirbane,” to 
replace the more ex]>ensive benzaldehyde. 

Essence of Violets. Whether for flavour- 
ing or for ]»erfuines. it is necessary to use only ver\ 
small quantities of the artificial products. In a 
conoentrnted condition, their taste and smell art* 
usually quite differemt, and even unpleasant. It 
must be remembered that the natural siibstanees 
which give the charnrteristic flavour and perfume 
to fruit and flowers are present only in minute* 
cjUHUtity. This has added considerably to the 
difficulties of chemists in attempting their synthesis 
and manufacture on a commercial scale. It has 
been extremely dilliendt to procure sufficient for 
analysis except at impossible prices. Tiemann and 
Krugey’s synthesis of ionone, the i>erfume of violets, 
may be cited as an instance. Ine odour of dried 
orris or iris root is very similar to that of ^violets, 
and as these chemists were unable to procure 
sufficient violet essence for their experiments, they 
were forced to work with extract of orris root, 
assuming the odoriferous principle to be the same 
in both cases. In the course of their work they 
isolated a sul)stanee, iVowc, from oil of orris, and in 
attempting to synthesise this body they eventually 
obtained a substance (ionone) very similar to, if not 
idenicnl with, the body they were in search of. 

, lonune is sold as a 10 f»er cent, solution in alcohol, 
but its odour in concentrated condition is quite 
unlike the odour of violets it possesses when diluted. 
One part of this solution will produce 100 times its 
weight of triple extract when diluted with spirit. 



APPLIKD OHKMISTItV 


Natural and Artifical Products Con* 
trasted. It in not, however, advisable to 
employ ionoiie merely diluted down with syurit in 
this manner. Somehow or other, the odours of 
these*rhcmical products, even when they arc iden- 
tical with the natural substances, are harsher and 
less refined. This is probably due to the presence 
of traces of other substances, and much may be done 
to imy^rove the artificial products by suitable 
blending. For this purymse we may use mixtures 
of artificial substances, or mix tnem with the 
natural yiroducts ; thus, in preparing extracts or 
scented soayw, the odour of iononc is much 
imy>roved by the addition of a small quantity of 
oil of orris. 

Many flavouring matters are poisonous in large 
quantities. A case recently occurred (March, 1900) 
in a biscuit factory, where one of the operatives 
drank a <yiiantity of essence of mirbane,” intended 
for flavouring dough, with fatal results. 

Other Synthetic Products. Some of 
the more imyiortant synthetic prodnets are : 

Oil of cassia or oinnamoii. (Cinnamic aldehyde, 
. OH : CH . CHO, closely related to benzalde- 
hyde or oil of aliiionds. 

Oil of < loves. Eiigenol, a derivative of phenol. 

Oil of wintergrecn. Methyl salicylate, 
(OH)COOCH.i, obtained from salicylic acid, and 
indirectly from yflienol. 

Oil of garlic. Allyl sulphide . S. 

Oil of mustard. Allvl isoiliiocvanate (J5S : N . 

Niobc oil. Methyl benzoate, CyHg . COOCH.,. 

Bergamiol or artificial oil of bergamot. Janaiyl 
aeclah*. 

Vanillin is the active flavouring constituent of 
vanilla and isyirejiared synthetically from metamido- 
benzaldebyde. 

'J'hc artificial yiroduct is often adulterated with 
ai’otanilicle. 

(Vniinarin is the odoriferous yirinciyfle of the 
tonka bean, woodrutf and other yflants, and is 
I’ontained in the jjerfiinie known as “ foin couyx*,” 
or New Mown Hay. It was synthi'sised by Perkin 
from sal icy 1 aldehyde. 

A Perfume from Pepper. Heliotropin or 
]^i])eronaI, a substanijc having the odour of helio- 
troiie, was originally j)repared from pi^ierine, the 
alkaloid extracted from i)e])per. It is now made 
cominereially from safrol and is obtained in the 
form of white crystals. The perfume deteriorates 
unless the suhstanee is stored in a cool, dark })lace. 
The heliotrope j)erfumes of commerce are made by 
blending heliotrope with vanillin or eoumarin, the 
cheaper ones with acetanilide. While, in 1880, the 
price of heliotrope was £70 per Ih. it is now 14 h., 
so that the price has been enormously reduced. 
The same may be said of most other synthetic 
products : thu.s, vanillin cost £36 per lb. in 1880, 
while t li(5 present price is £1 1 2s. But in many cases, 
as with the essence of violets, the price is not 
likely to suffer much reduction until the patent 
expires. Hawthorn (auhepino), or odour of may 
blossom, is the suhstantic known to chemists as 
anisic aldehyde and is obtained from j)honol. It 
oxidises in air, so that it should be stored in well- 
tilled bottles. 

Artificial Musks. These are auhstanoos 
resembling hut probably not identical with the 
natural product. They are usually preparetl 
according to Baur's patents from toluene. This 
substance is made to react with butane by means 
of aluminium chloride and a portion of the distillate 
nitrated. It forms yellowish-white needles. 


Artificial Neroli. Artificial neroli, or nerol in, 
is the methyl ether of jy-najilithol. Bromclia, the 
odour of which is said to resemble pineapple.s, is 
the corresponding ethyl ether. By suitable blend- 
ing, perfumes resembling lilac, hyacinth, lemon, 
roses, etc., may he obtained. We should also 
notice the series of esters of fatty acids having the 
taste and odour of fruit — for instance, ethyl 
butyrate, or essence of pineapple, ethyl pclargonate, 
or qiiincc oil, amyl acetate, or pear es.sence, amyl 
valerate, or apple oil. etc. 

Synthetic Remedies. Those are chemical 
substances used in medicine, the majority of which 
are not jnet with in nature. 

Fever and Headac he Remedies 

Antipyrwe (nnalge^ine), or phenazone. This 
substance was originally intriKlueed ns a febrifuge 
(used medicinally in cases of fever), hut is also 
employed as an anodyne (to relieve ]>ain). It is 
known eheniically as phrnyl -dimethyl- impf/razohne 
and is obtained by the action of aeeto-acetic ether 
on methyl-phenyl-hydrazine and crystallises in 
white tables or ])lntes. The salicylate of antipy- 
rine, or “ salipyrine,” is used for similar purfioses, 
“ Hypnal is a conqinund of chloral and anti- 
pyrine. 

Acetanilide^ or antifehrin, already referred to 
under Perfumes, is obtained by boiling aniline 
[see (\)al-tar Colours] and glacial arctic arid. It 
is represented hv the formula CV.Hn . NH(C 2 H 3 ()), 
and forms while prism-like crystals. Like anti- 
pyrine it is used as a febrifuge. “ Antisepsin ” is 
])ara - hrom-acetanilide. Mi'tliyl -.acetanilide is a 
s])ecilic against headache and known as “ exalgin.” 
It is also ein])loye(l as an anli-rheuinatie. Bcn- 
zanilide, C,.Hr, . CO . NH . C,jHj., is used ns an anti- 
pyretic for {'hildren. 

Phenacetiiu or para-aeet-phenethidine. is another 
antipyretic and anti-neiiralgic, said to be free 
from objectionable after effects when administered 
medicinally. In n '’hemical sense it is related to 
aniline and may he regarded as a derivative of 
acet-anilido. Its formula is represented eon- 
slitutionally as follows: C,,,H4(0 . CyH^,) . NH 
(CjH-iO). It will he M*en that it differs from 
acetanilide by the introduction of the ethoxy 
group, O . 1/..,H 

Metaeetiii, a substaiUM' having a similar thcra- 
peiitie action to phenafctiii is also chemically 
related to the latter. It is para-acet-anisidinc. 

Druus to Induce Sleep 

Hy phone, is acetopheiione, C’jH^ . CO . CH^, and is 
prepared from benzene and acetyl chloride. It 
is used medicinally as a so])orilic (sleep producing). 

Sulphonal, anollier soporillc, as its name implies, 
contains sulphur. It is obtained by heating a 
mixture of acetone and mercaptan with hydro- 
chloric acid. The allied substances trional and 
tetronal are also used ns soporifics. 

Numerous other synthetic remedies, mostly the 
products of flerinan laboratories, have been put 
upon the market, hut few ever find general applica- 
tion. Undoubtedly some of those we have cited 
are of the utmost importance, and no doubt the 
really valuable ones will come into general use. 
There are numerous products containing iron, 
sometimes in combination with albumen, tor the 
urpose of rendering the former easier of assimilation 
y the human system. These and similar iiroducts 
are not of sufficient importance to detain us. It 
may he ns well to remind the reader that of the 
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annpathetics alcohol, ether and chloroform, the 
laHt two are obtained synthetically from the 
first. 

Saccharin. This is a white crystalline solid 
substance with an intensely sweet taste which, 
according to the most recent information, ia said 
to be five hundred and fifty times as sweet as 
ordinary cane sugar. That first produced was 
impure and not more than half as sweet. So 
accustomed arc ‘i>eople to associating sugar with a 
sweet taste that saccharin is often regarded as a 
sort of concentrated sugar. This, however, is not 
the case, ns there is no sort of chemical relationship 
lietwoen them. Whereas cane sugar is built up 
of carbon liydrogen and oxygen only, saccharin 
rontains, in addition, nitrogen and sulphur. Tho 
raw material used in its manufacture is toluene, a 
hydrocarbon related to benzene, and one of the 
constituents of coal tar. The steps by wlii(;h it is 
luiilt np may l>e followed by placing the raw 
material, interiiiediat(‘ substances, and final protluct 
ii\ order, as follow ^ : 

(1) . <‘H.. 'roliiouc 

/I u r f’H., o-'l’ohicnc siilplioui<* 

(*1) { ^o'lj -Sulpho-bcnzoic acid 

n f ^TU.'l Dicliloridc of o-snl])ho- 

^ ^ \ SOyt'l bciizoic acid 

/-x u ( H o —Sulpha luiclo - hen/oir 

f->) < ..H* -I ,^o.;Nir, 

(li) (.'nH, j I Ji'll Snccliiiciii. 

Sacclmnii ia of an acid nature and caiii he ucmi- 
traliscd with soda. The sodiimi salt crystallises 
Avilh two mole(*iiles of water, and has the advantage 
that it is much more readily soluble in water than 
*^ac(*harin itself. It is the chief constituent of the 
ca‘<ily-aoluhlo saccharins on the market. 

CELLULOID 

This product is made from paper or other forms 
of pure cellulose, by converting them into ]jyroxyIiii 
(guncotton or collodion-cotton), by treating Avith a 
mixture of sulphuric and nitric acids. Tlie product, 
Avhen washed and dried, may he added to melted 
camphor, and the two moulded together by strong 
})re8siirc in a hot press, or otherAAuso closely in- 
corporated, and finally dried and moulded : or the 
pyroxylin may Ik* dissolved in a mixture of ether 
and alcohol, in which form it is knoAATi as colMhii 
vo/a/mw. If spread out ns a varnisli and the 
‘jolvt'nt evaporated, the residual transparent film 
is knoAvn as collodion or celluloid film, and, as wc 
all know, is largely used in i)hotography, for the 
('in(‘matograph, and for many other purposes wlierc 
a transparent film is required. Tliere arc many 
juodifientions and changes in methods of Ireatinent, 
which space wull not permit us to deal with 
in detail. [For collodion silk sec Artificial Silks.) 

Celluloid was first made by Hyatt, of Newark, 
Ignited States of America, who used both the 
above-mentioned processes. Now a combination 
of the two processes is more often employed. 

Celluloid may Ik* readily coloured by means of 
various pigments used either in solution or in 
suspension and added to the mixture of pyroxylin 
and (mmphor before it is subjected to pres.sure. 
‘ Marbled ^ celluloid is made by pressing plates of 
the differently coloured material together. Imi- 
tation tortoiseshell, used largely for the manu- 
facture of combs, etc., is made by squeezing together 
plates of transparent yellow celluloid with similar 
plates coloured with varioxis shades of brown, etc. 
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“ Celluloid is highly inflammable, but non -explosive 
even under pressure ; hence, it may be w'orkecl 
under the hammer or between rollers without risk. 
It softens in boiling water, and may then be readily 
moulded or pressed into various forms. Ils 
specific gravity varies slightly with its composition 
and the degree of pressiure to which it has be(»u 
subjected: it is usually about 1*35.’* For further 
details of the chemical details of manipulation, 
see Thorpe's ** Dictionary of Applied Chemistry,” 
from which the above quotation has been taken. 

Great art is now displayed in the manufacture 
of innumerable articles fn?niliar to us all through 
their world - wide application. It successfully 
imitates ivory, horn, bone, tortois<»shell, motlier- 
t>f-)>enrl, and many other natural products, besides 
re})lacing ebonite, vnlcainite, china, glass, etc. 
Celluloid can generally be recognised by the smell 
of camphor which it emits when briskly nibbed. 
But even this is reduced to a minimum, if not 
entirely eradicated, by skilful manipulation. Its 
chief drawback is its inflammability, which is noAv, 
however, largely reduced. Hundreds of different 
articles are made from celluloid or “ Xylonite*,” tin* 
name given to it by the British Xylonite Com- 
]>nny. Ltd. 

MATCHES 

A match is defined in Thorpe's “ Dictionary of 
A])plic(l (licmistry ” as “an instantaneous lire 
]»roducer, consisting of a short stem, rod, or tube, 
ti])pcd at one or both ends with a coirifKisition (n’ 
j»astc, inflainmahle by friction.” 

Tlie hicifcr match has coincv into existence with mi 
the last 70 or 80 years. Prior to this the production 
of fire by the kindling of suitable combustible 
materials was promoted by friction, at one time 
by the rubbing together of two stones, or later by 
flint and steel. The latter is familiar to many of 
ns in the old fiint-lock guns of our forefathers to 
he seen in the old armouries. The rubbing of two 
])icces of wood together is the method still nnployed 
by the North Anicri(;an Indian and the Polynes- 
iaiiH, who obtain lire by rapidly rotating a point(*d 
rod of dry, soft wood, culled a fire-drill, against a 
block of harder wood. 

It is impossible to deal with the history of the 
different substances employed and the "different, 
methods in vogue from the time of the “ jdios- 
phoric taper ” np to the jAresent, or to refer to tlitf 
various forms of vestas and cigar lighters. A mass 
of patents have lH?cn taken out by those eoii- 
nected with the industry, an account of which will 
1)0 found in Thorpe’s “ Dictionary of A])plic(l 
Chemistry.” 

The o})erntion8 performwl in the manufacture of 
wooden matches consist ns follows : 

J, Barking; 2, cross-cutting; 3, steaming: 4, 
splint-cutting; 6, drying the s])lints ; (i, filling 

the dipping frames ; 7, paraffining ; 8, dipping ; 
9, drying the dip]HAd splints ; 10, racking out : 

11, halving, or cross-cutting; 12, boxing. 

All of these processes were, and still are, in- 
volved in hand-made matches. Machines, however, 
are now almost universally employed. 

Match-maKing Machinery. "Hie blocks 
of wood, which come from Canada, are all cut to a 
uniform thickness equal to the lengtli of the matcli 
and placed in position by hand, with the grain in the 
propw direction, on two endless leather travelling 
i)ands, between friction rollers to ensure their being 
fed towards the cutters at nn oven pressure. The dies 
or cutters are small steel bars of rectangular cross- 
section, having a hole the size of the match to be 
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cut drilled in them at one end. The dies are placed 
together side by side in rows of 48 or more, the 
whole being moved up and downi by the action of 
a cam. A whole row of match splints or sticks 
arc cut on the downward stroke. A plate carrying 
a row of pins then ascends under the bottoms 
of the match-sticks just cut, and drives them into 
counter-sunk holes in an endless chain of metal 
plates and without breaking them. This chain 
carries them forward with their ])oints downward, 
where they are first of all dipped to the depth of 
an eighth of an inch into a bath of paraffin wax, 
the surface of which is kept at a definite level by 
an ingenious contrivance. The dip^ied matches, 
after travelling forward until the ])araffin has 
had time to set, come in contact with a roller 
covered with the igniting composition, revolving 
at the same pace at which the matches are travelling, 
to ensure that the heads are not one-sided. The 
matches, after travelling round the machine in the 
endless chain, which runs over a number of drums, 
are punched out from this by a row of ])ins, corre- 
sponding in number and position to the holes in the 
chain, into empty boxes passing along an endless 
chain band ready to receive them, which, when full, 
passes on to a revolving table, where the 
covers are put on by hand, after which they 
are made up into pjvckets of one dozen and 
parcels of six or twelve dozen. Very few 
girls arc required for the handwork necessary 
on the output of a machine whieh in one 
day often equals 144,(K)0 bo\cs, each l>ox 
containing about (50 matches. 

Machines are now conslructed to do away 
with hand packing, the whol(‘ of the hand- 
ling from start to finish being done by 
machinery. 

Hox MaKing. “ Chip " boxes, in which 
the chips are fastened together byimsted paper, are 
sometimes made by hand, but generally by machine. 
The strawboard boxes are made automatically 
from strips or reels of strawboard. The shai)e 
into whicli the material is rut and the placx's in 
which it is scored arc shown in 12. The strip is 
first scored by sharp wheels, so that it bends 
easily, and is then glued at regular intervals by 
means of an arm worked by a c.am. The arm has 
twelve projections upon it, and it woiks up and 
down, in and out of a vessel containing ineltc‘4 
glue, touching the cardboard at (he to]) of its 
upward stroke, thus making a series of glue patches 
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as shown in 12, which will make the description 
clear. The strip is then fed forward, and holes 
are punched in it at rt^gular intervals beside the 
glue-marks, as shown. These pieces are the only 
waste there is. After being glued and punched, 
the strip is automatically cut into suitable 
lengths, the line of cut running between two sets 
of glue-marks, ns shown, and the piece cut off is 
then caught by a descending die, the edges A 
being turned upwards and inwards, and the edges 
Ji being pressed upwards and against them, 
and the box thus formed is forced into a metal 
former, a number of which are joined together in 
a continually revolving chain or band in the 
machine fl3], in which it travels for one revolution 
of the band. By the time the revolution is coni- 
l>lete the box is dry, and it is then auto- 
matieally released from the ‘‘ former,” to fall into 
baskets or orates. Each of these machines will 
turn out about 80 boxes per minute. 

The machine for making the strawlxoard covers 
is fed from a reel of cardboard, which on its 
]mssage is glued, folded ov(‘r, and so converted 
into a tnlx*. The tube then traverses the length 
of the machine twice, and during its passage it 

dries, and is 
turned over so as 
to get the join in 
a suiUible place 
for future opera- 
tions. The tube 
then passes be- 
tween two print- 
ing rolls, whieh 
print the requis- 
ite design oncn<;h 
face. It is then 
cut off to proper 
lengths, and the last process is to bring the edge of 
each box -cover against a wheel dipping in melted 
glue, and then to throw white sand against the 
glue when it is still wet to form the friction surface*. 
Such machines turn out from 800 covers ])cr minute. 

Wax Vestas. In making wax vestas, the 
cotton twist wh ich forms the wicks i.s drawn from a 
large slowly revolving cylinder, through a bath con- 
taining a mixture of stearin and gum, through dies, 
and then on to another drum. They are passed 
slowly backwards and forwa/ds from drum to 
drum until the taper is of the requisite thickness. 
The tfijx?!* is then fed from the drums into a 
machine similar to that described for wooden 
matches, whieh cuts it into the length required, 
the chief difference bring the manner in which 
the wax tapers or vestas are held, they being 
gripjK?d by springs which hold them firmly for the 
operation of dipping in tlio igniting composition 
without pinching or marking them. The ojicration 
of dipping in paraffin wax is, of course, not 
necessary in the case of wax vestas. 

Composition Room. In this room the 
igniting eomjjosition is made, in which the match 
is dipjx^d in the manner already described. 
These com])Ositions are made to formula* 
known only to the makers. Messrs. Bryant & 
May do not use white or yellow phosphorus in the 
manufacture of their strike-any where matches, but 
a substance without smell and harmless to the 
operators. This is mixed with glue, chlorate of 
potash, certain other materials and colouring 
matter, the ingredients being weighed and care- 
fully milled to ensui^ a thorough amalgamation. 
Continued 
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Triangles. Definition of Projection. Problems in Proportion 


By HERBERT J. ALLPORT. M.A. 


Proposition 55. Theorem 

If one side of o tnaiujle Is divided^ inienuiUtf 
or extenudUj^ Into segments in'ttportkmal to the 
other sld^s of the triangle, the line joining the 
point of section to the opposite angle bisects that 
angle internaUy or externally. 

VVith thu tigiues of Projiosition 54. let B(* he 
divided at B. so that ' 

BD : DC : : BA ; AC. 

It is required to prove that Al) hi.st‘cts the 
j-A, internallj^ or externally. 

Proof. With the same construction as hefore, 
since AD is || to one side of the ABCK, 

BD DC : : BA AE {Prop. 52). 
Blit BD D(^::BA AC(1fop.). 

: BA AE : : ba A(\ 

AE - AC. 

lack 

~ ultcrnati* .. DAO. 

And Z.FAD- lAKC. 

/. ^FAD- ^DAC, 

i.f . 1 .A is hiseoted. 


Proposition 56. Theorem 


]f tiro triangles are eqvlangnlar tit one another^ 
ilieir an respinal I ng sides are propinionial . 

Cct ABC. DEF })e two Ah iu which ^A 



= ^D, .iB-^E, 
and .1 C - .1 F. 

It is requiredt<> 
jirove that the 
t Ii r e e r a t i s 
BC 

and . 


equal. 

Pntof. Place* the A DEF on the A ABC so 
f hat D f;dls on A and DE falls along AB. Tlieii, 
since _ I) - ^.A, DF will fall along AC. Let 
E', F' he t he new positions of E, F. Then, 
z.F/= Z.B. 

E'F' is II to BC. 

AB : AE' : ; AC ; AF', 
i.e.y AB : DE ; ; AC : DF. 

Similarly, hy ] dating A DEF on A ABC so 
that E falls on B, and ED, EF hill on B.\, 
BC, we can prove ihat 

AB : DE : : BC : ef. 

ITenep 

’bc : EF - CA : FD - AB : DE. 


Proposition 57. Theorem 

If two triangles have their sides proitor- 
iional, when taken in order, the triangles 
are equiangular, those angles being erpial 
which are opposite to corresfKOiding sides. 

Let ABC', DEF be two As» in which 
BC^ : EF 
== CA ; FD 
= AB : DE. 


It is required yq 



.\GE-DE. 

Similarly, it may be proved that GF = DF. 

A DEF- AGEF (Prop. 7). 

Bill AGEF is equiangular to A ABC. 

As ABC, DEF are equiangular. 

Definition. Two rectilineal figures are said 
to he siinilar when tlie angles of the one, taken 
in order, are equal respectively to the angles of 
the other, taken in onlcr. and when the ratio 
of each side of the one to the corresponding 
side of the other is tlie same. 

Thus, similar tigures are ligures wdiich liave 
the same shape. Note that two conditions 
are necessary for tigures to l)e similar. Tji 
the case of triangles, however, wo see from 
Props. 5() and 57 that the one condition involvi's 
the other; / e., if As are equiangular they ari* 
similar. 

Proposition 58. Theorem 

If tiro triangles hare one angle of the one eqiad, 
to one angle if the other, and the sides about 
the.'ie angles pi’<>portion(d. th** triangles aic 
similar. 

Tn the figures of Proposition 50 above, let 
ABC, DEF he two As in which lA — i. D 
and AB : AC : .* DE : DF. 

It is required to prove the As are similar. 

Proof. Place the A DEF on the A ABC so 
that D falls on A, DE along AB, and DF along 
AC^ Let E', F', he the now jmsitions of E, F. 
Then, since 

AB : AC ; : DE : df, 

/. AB : DE : : ac : df, 
i.e., AB : AE' : : AC : af'. 

• E'F' is l| to BC (Prop. 55). 

„ AF/F' - . 1 B, and L AF'E' - ^ C (Prop. 1 2) ; 
so that AAE'F' ; i.e., A DEF is equiangular to 
A ABC. 

Ah AB(> DEF are similar. 

Proposition 59. Theorem 

If the ratios of two sides of one triangle to two 
sides of another triangle he equal, aiid if th*‘ 
angles opposite to one pair of these, sides he equal. 
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then the angles opposite to the other pair are 
either eqnal m^ mpA&mntanf, 

Let ABC, DEF be two As in wliicli 
AB : AC : : DE : DF and lB= lE. 


A 



It is required to prove that either lC — ^F, 
or L C + 2 ri^ht L s. 

Proof, (i.) £.A= Z.D, tlicn ^C— lF 

and the As frve oquiaiiyjular. 

(ii. ) If Z- A is not - L D, make L EDF' ~ Lk. 

Tlieii As ABC, BEF' are equiangular. 

AB : DE : : ao : df' n(j). 
But AB : DE : : ac : df (/L/p.)* 

DF - DF'. 

Z-DF'F-: /.DFF'. 

Bui Z-H DPE, DFF' are supplementary. 

Z-s DFE, DF'F are supplementary, 
jLb DFE, ACB are supplementary. 

Proposition 60. Theorem 

In a right-angled triangle^ if a perpendicular 

> drawn from the right angle to the hvjminmse^ 
the triangles on exwh side of it are simitar to the 
firen triangle and to one another. 

Lot ABC be a A in 
which lA is a right L. 
Draw AD jL to BC. 

It is required to [irove 

tliat As ABD, ACD are 

^ DC similar to AAB(^ and 

one another. 

Proof. Tn As ABC, ABD, the right Z.BAC 
= the right Z.ADB ; the Z.B is common to 
i»olh As. 

As are e{}uifingular, and therefore similar. 

Tn the same way it can be shown that As 
ABC, ACD are similar. 

Then, since As ABD, ACD are eacli equi- 
angular to AAB(^, they are equiangular to oik* 
another, and therefore similar to one another. 

(ktrolfai’u. Since As ABD, AB(^ are similar, 

DB : tta : : AB : bv. 

AB-~ BD . BC. ■ 

Similarly, from As ACD, ABC we get 
AO-'-- CD . CB, 
and from As ABD, ACD 

A IF - BD . DC^. 

Thus, the square on any one if the lints 
terminal ing at A is equal to the rectangle, am- 
tained by the tiro segments which terminate at 
the other extremity of the line. 

Projection. The foot of the perpendicular 
drawn from a point to a line is willed the 
projection of the point on the line. 

If P, Q are the projections of two ixiints A, B 
mi the line CD, the segment PQ is called the 
projection of AB on CD. 

Thus, the first two cases of the ah»*ve 
corollary may be worded as follows : The square 
*01 either side of a right-angled triangle is equal 
to the rectangle contained by the hypdemise and 
the projection of that side on the hypotenuse. 



Problems. By the aid of the foregoing 
propositions it is easy to jirovo t ho constructions 
given in Geometwcal Drawing [page 472] for the 
finding of a fourth, third, and mean proportional 
to given lines. The construction for dividing a 
line, internally or externally, in a given ratio is 
very similar, and should iiresent no difficulty. 

Proposition 6 1 . Theorem 

If two rectilinear figures are .simitar., thrg 
can be pl^aced si* that the lines joinhig atn e.spond- 
Ing reti ‘ rent. 

Tjet ABCD and I'C/D' h(‘ similar figures. 

Then, since lB - L B' 
they can be j»laccd so 
that AB, BC are respec- 
lively II to A'B', B'C'. X 

Since the figures are ^ ^ \ 

equiangular, it follows 
that CD is 1, id (-'D' and a b 

DA is li to D'A'. 

It is then required to prove that the lino.s 
AA', BB' CC', DD' meet in the s«‘ime point. 


Prttof. 

TA*t A 

iA', Bl 


Then, 

since A 

l'B' is 



DB' 

: DB A'B' 

AB (Prop. 52). 

But 

A'B' 

: AB 

BC (//;/;>.). 


OB' 

: DB . _ 

BC ; 

i.e.. 

DB' 

: B'C' ; : DB . 

BC. 

And L 


- Z.DBC\ since 

B'C' is II to BC, 


As <)B'C', OB(' are similar (Prop. 58). 

/. _B'OC^'= lBOC. 

/. DC', DC are in the same straight line ; i.e., 
CC' passes through ( ). 

SimilaiTy, DD' passes through D. 

Proposition 62. Theorem 

If iu'o rectilineat Jigures are .similar, their 
ciwrespmding side.s and diagonals are pro])ortionol 


Let ABCDK, A'B'C'D'E' 

he similar rectilineal iigUJ es. tD 

It is required t<> pr(»ve 
that ^ 

AB : AT}'=A(’ ; A'C' pf 2^==^^ 
--- AI) ; A'D'. etc. \ / 

Proof. Let the figures I K‘ L £i'\l 

] »laced si> that AA BB', Vi ^ ^ 

etc., meet in D (Pntp. 01). 


Then, DA : DA' — DC : DC {sinet* t*ach ratio 
=.DB;DB'). 

■ A^^ DAC, OA'C' are similar (/\v//>. ,58). 

• .\C : A'C' - DA : DA' 

- AB : A'B'. 

Similarly, the latio AD I A'D', etc., can he 
prfived— AB I A'B'. 

t'orollary. It follows that : If hro rcr- 
liUneal lignrts are simitar, the triangle formed 

bff joining any 
three vertices of 
the one is simi- 
lar to the tri- 
Q* angle formed by 
joinwg the corre- 
/ spending vertice.*i 
of the other. 

For AC : A'C' - CD : C'D' - DA : D'A', since 
each ratio is equal to AB \ A'B'. 

the As ACD, A'C'D' are similar. 
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CUTLERY 

The Manufacture of Penknives, Table Cutlery, Scissors and 
Razors. Forging, Assembling, Tempering, Hafting and Finishing 


By J. H. VINNICOMBE 


*THE genius of the inventor has not yet superseded 
the genius of the cutler, Every day we see 
macliinery a rival to the brain and deft fingers of the 
mechanic ; and modern mechanism has not been 
without its influence in the manufacture of cutlery. 
But the Sheffield cutler who to-4ay makes pen- 
knives is no more disturbed by thoughts of a 
machine excelling the cimning of his hands than 
was his predecessor of two centuries ago. 

The ambition of every youth is to possess a 
knife. As briefly and ivs plainly as possible wo 
will endeavour to teach him how his knife is made. 
It should be stated that in the cutlery trade there 
is a distinction between the “ penknife ” and the 
“ pocket-knife,” although punihasers frequently 
regard them as different descriptions of the same 
article. A penknife, as the name suggests, is an 
insti'ument which was originally made for cutting 
“ quill ” jiens, an o])eration necessitating a fine- 
cutting edge. A pocket-knife is different, and is 
constructed to meet those tougher objects which 
b]\int the blade of the more delicate and finely- 
constructed instrument. 

Making a Penknife. The knife which we 
are about to make with the aid of the ajqirenticc 
sitting at the bencfli is one of the simjilest 
patterns, with a single blade. The illustration {!] 
affords some indication 
of the processes associated 
with the making of the 
blade from the rough piece 
of steel to its polished 
state, before it roaches the 
penknife maker. In front 
of us arc the steel blades, 
the spring, which will go 
at the back of the knife, 
two metal scales, which 
will enclose the blade, 
and two pieces of ivory 
for the covering, or out- 
side scales. Various 
materials are used for 
the last- mentioned ])ur- 
.sueb as ])earl, 


them together, the next o]>eration is to file the 
scales according to the pattern or shape of the 
knife intended to be made. To do this we place a 
scale on each side of the steel pattern, put them 
into a vice, and file away the edges until the projjcr 
size and shape are attained. There is not much 
waste, as in giving out the pieces the manager is 
careful to see that they are as near the size of the 
jmttoni as ])08sible. Having made the scales 
the required size, we take a drill and bore the rivet- 
holes, not mmfli larger than the eyes of some 
needles. Through these will pass the small pins 
for holding the ivory covering, which we luufcli 
to the scales and fasten them together. Now, 
instead of the four pieces of material being separate, 
they are joined so that we have the two coverings 
for each side of the blade — the ivory being outside, 
with the layer of brass as the inside lining. 
next bore two holes through these two parts, and 
into these the pins will be inserted to hold tlH‘ 
spring, which will form the back of the knife. 

Preparing the Parts. Attention is next 
devoted to the ivory covering, which we find is 
not the exact shajx^ of the metal lining, so it 
is filed down until the two are in jiei-feet agree- 
ment according to the pattern. The steti 
spring, which will play such an importiiiit part 
in the movement of the 
blade, is, })erhaps, not 
quite flat, so this is 
hammered a little until 
it is level. We next 
mark on the 8i)ring the 
two ])la(ieH for the two 
holes to oorres])ond with 
those on the outer cover- 
ing. The necessity for 
accuracy will be ap])a- 
rent her(‘, otherwise the 
parts will not fit. The 
holes through the ivory 
and metal scales have 
1. PARTS OP A PENKNIFE made by the use 

Ficce of fruiu which blud('ii<furgi^>a A Mood of h]»du— Drst of tl hand drill: tO pent 



Mood of hlttiU- Uotr, wcond »t»Ke ,4 Smithed bliidc ready for if 

/*. Ilardriied blade X- Ttiitt]>ert‘d blade Rough tUC StCCl SpilUg It 


iiose, .such as 

J ’ X A ' I II i hardrnliur, third Hfigc 

ivory, tOrtoisesllCll, stag- gnumd Uladc with KlaKWltaug and shoulder A. eulishod blado-^dnlshed is llCCeSSarV tO CO to a 
horn, and sometimes / spring knife a. nurdriud and tampered spring for ki.ifo macliina The 

gold, agate, silver or aluminium, in addition to i 

others. It must be understood tliat many Iiands 
are engaged in the making of a knife; the cutler 
is the man who fits together the different articles 
supplied to him. For every knife made there are 
patterns of the parts, and those which we have 
to follow we keep well in front of us for the pur- 
pose of guidance and for measurement. 


t guiO 

We tiiko the metal scales. At one end of each 
is what may be described as a sftoifldcr-piice. It 
is fixed to the scale, and will form an important 
)art in the knife because it will hold the blade, 
t is known as the hoUUr. Its edges are a 
little ragged when the scales are received by the 
cutler, and the first process is to “ trim the bolster 
edges,” clipping them with shears. Having fixed 
fwo temporary pins in tb^ metal scales to keep 
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operation is soon completed, and wo return to 
the bench and file the inside of the spring in 
order to make it work smoothly, anil cut it 
by means of a proper tool to the projier lengtli. 
It may be presumed that the intention is to 
make a dozen penknives, because the boy will 
usually work on this number, and not go straight 
through and complete one knife before he begins 
another. Now we bunch twelve springs together 
and attach thorn to a wire in order to harden and 
temper them. We first make them hot in a 
hearth fire, next plunge them into water, and then, 
having dried them, cover them with oil, which is 
made to blaze. This process at an end, the springs 
are brought again to the bench, and one is selected 
which is intended for our knif', and this is made 
perfectly straight by the use of a hammer. Then 
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WO place it on an emory wheel, which, revolving at 
a great speed, does the glazing and imparts that 
bright appearance to the inside of the spring which 
may be observed on opening the blades of a knife. 

Hafting the Penhnife. After all this 
preparation an important step is taken in the 
building up of the knife by placing the spring 
in its proper position between the scales. W(‘ 
have already referred to the drilling of two holes 
for this purpose, and very little time is required 
to pass German wire through the ivory, the metal 
scales, and the spring. The parts are thus pinned 
together. Wo now see the handle of the knife 
before us, and the next question naturally relates 
to the blade. Everyone will have observed flie 
bottom portion of the blade by uhieh it is held 
to the handle. This is known as tlie tatm, 
while that part at the top of the handle which holds 
the blade and is fixed to the metal scale is known 
as the holster. We have a pattern for the blade, 
from which is learnt the proper iilaoe for the hole 
in order to pin it to the handle. Ha\ing roughly 
ground the blade wo make another visit to the 
drilling mnehinc and bore a hole through the tang; 
and now follows an important operation — it is 
known as squaring the hlndc joint. Taking oui* 
blade, we file the joint at the bottom, making il 
agree exactly with the ]mtt-ern in order that it may 
fit into the holster. Having burnished the tang, 
and thus removed any roughness on the sides, 
the blade is ready to be iixed to the bolster 
We have already made the hole, and having put 
the blade into position, we run a piece of iron wire 
througli it, and the blade is riveted to the liandle. 
The ap|iearanee of tin* ri\ot on the bolster would 
be H'gnrded as a disfigurement, so it is tiled douii, 
and the top spread until il becomes :i part of the 
holster, and cannot be s(*en by the eye. 

Finishing Processes. We have now 
travelled a good w<iy towards making the |>en* 
knife, and ha’, ing got the bl ifie into tlie handle. 
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w'o inove it in order to see whether it is in true 
y>osition. A little filing may l>e necessary to make 
it work accurately. This is knowm as joint- 
ing the hladc. So far ns the construction of our 
I>enknife is concerned, it is now practically com- 
I'leted ; but there are a number of processes yet to 


bo follow'ed before it has that finished appearance 
which api)cals to the eye. We file the back of 
the spring, and afterwards put the back of the knife 
on the emery wheel, and the outside of the spring is 
roughly glazed. Then we put il on a finer wheel, 
and tlie operation of glazing is yierformed. 
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The exterior of the spring is now getting like a 
mirror with the brightness that is being iiny^arted 
to it. The knife is next fixed in a W'oodi^n clasp, and 
placed in a vice, so that the ivory handle may be 
filed and made smooth i>rior to the polishing ; then 
w'e file the bolster, afterwards glazing il as we did 
the spring back, first giving it the rough glaze. 
Finishing touches ar(» next giv’en to I lie ivory by 
rough buffing on the wheel ; all scratches and marks 
are in this way removed, liien w’e give the fine 
glaze to the holster, and this is followT-d by the fini‘ 
buffing of the ivory. Various wheels are usf‘d for 
these different processes in order to get the desired 
results. Then the knife is placed in the \ ice, and th«‘ 
back of llie spring receives its final shim* by being 
burnished with a steel burnisher. The next y»roc*(‘,s> 
is to ])lnrc the bolster on a polishing w^hccl, and b\ 
the use of the y^roper material the reifuisite bright- 
ness is given to it. We then w iyie the knife to make 
it eloan, and our task is eonijileted. (Jroat care 
is exercised in order that the handle shall not be 
soiled, and tli© ivory is (*nvered wutli pa])er. After 
having been wliotteil, tir sharyiened, tlie oil and dirt 
will be w'iyied off to yircvent rust. 

Large Pocket-Knives. Ibf' largo y>oikei- 
knives, as already indicated, ate for rouglua 
work than that for which the y>en knife is desigmal, 
and in their construction the delicate treatment 
to which reference has been made is not required. 
In the pocket-knife shoyi the boy will not be set at 
first to build uyi a knife. Ho will bo required to do 
different tasks necessary to the parts ; it may bo 
to straighten the springs, or drill the holes : hut by 
degrees he learns now to construct a knife. It is, 
however, in the yienknife that the genius of the 
cutler is revealed. Unfortunately, the demand for 
cheap articles has led to inferior articles of cutlery 
l>eing offered for s/tlo. This is really bad for the 
cutler and the customer. 

Table Knives and Forks. Without 
an insight into the manufacture of cutlery it 
is difficult to imagine the number of ywoeesses 
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associated with the making of a knife. It has 
i3een computed that in the putting together and 
finiahing'Off of a x>lain, four-bladed jienknife, 
after all the different parts have been made ready 
for the cutler, 154 of^erations have to be gone 
through. It is now intended to describe the making 
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of table cutltTV, in wliich there arc different trades 
associated. We may cite three as the rfiie.f — namely, 
forging, grinding, and hafting, and at once ])roeeed 
to deal with these, and follow the operations in 
the inaniifacturc of a table knife. 

Forging Table Knives. We first proceed 
to the forging shop (2], and there observe the hearth 
lire, ari\il. striking tools, and rods of steel placed 
against the walls. Needless to say, the quality of 
the steel is of the first importance. The brightness 
of the blade and the artistic character of the 
ornamentation of the knife will eontribute little 
to the (piality of the cutlery if the steel bo poor. 
The steel reuehes the forging 
shop in long rods, which h ive 
been rolled to various shaiK?a 
and sizes according to the*, pur- 
poses for which they will be 
recpiired. 

Proceeding to make a table 
knife, the forger will take a 
bar of steel and place the end 
into the hearth lire. We 
watch him work the bellows 
with his left hand, while at 
times he withdraws the steel 
from the hearth. The casual 
R]>ectator would not appreciate 
the judgment required in this 
o])eralion. The skilful forger 
iinderstends exactly when to 
withdraw the steel and ]>laec 
it on the anvil. The steel, 
yielding to successive strokes, 
gradually assumes the rough 
shape of the blade, or mood^ 
as it is called in the trade. 

This is now' cut off from the 
bar of steel at the pro})er 
length according to the size 
of the blade required, the 
forger having a measure o i his anvil us a gauge. 
The blade is then welded to a piece of iron, 
from which the bolster and the tang will bo 
produced. In table cutlery the bolster may 
ae8cril>ed ns the raised part at the bottom 
of the blade near the handle, while the tang 
is drawn out, and is that portion which is 
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fitted into the handle. It is made by a few 
blows given to the iron as it rests on the 
anvil, the bolster being formed by hammering 
the rod-hot iron in a print, which gives the sha)>o 
desired. The blade is then heated a second time. 
On being withdrawn it is hammered more into 
shape, and the “smithing” process takes place, the 
hammering giving toughness and strength to the 
blade. The name and trade mark of tlie firm are 
then stamped upon it. Figure 3 shows the process 
of machine forging, the machine being a pow’cr- 
hammer. 

Hardening and Tempering. Now 

follow the important oj)eraiions of hardening and 
tempering the steel [4J. The blade is raised to a 
cherry-red heat, and on being taken from the fire 
it is plunged into w'ater. It is now hard, but as 
brittle us glass, and would break if it were allowed 
to fall to the ground. Tempering is required, and 
this process demands no little cx|>erience und 
Judgment on the part of the forger. After being 
mode red hot and plunged into the water as already 
described, the blade has a grey-white colour. 
The workiuan now' puts it into the fire again, and 
the blade changes first to straw colour, next to 
mottled brown, and purple, then dark blue, and 
finallylight blue. The different degrees of tempering, 
which follow rapidly ui)on one another, have to be 
closely watelied by the forger, who has been taught 
by years of ex}H‘rience to understand the different 
qualities of steel and the point at which a blade 
must be witljdrawn from the tire. It may be 
explained that the stage of tem])ering de^KUids upon 
the article, and the use to whit*h it will be applied 
when finished. For instance, the carving and 
table knives are taken to the light blue hue ; the 
strong pocket-knife, which will be used for some 
rough work probably, to the dark blue ; a line 
}X'nknife to a point between straw colour and 
brown ; and the razor blade, 
which receives the keenest edge 
of all cutlery instruments, is 
W’ithdrawii at the .straw eoloui. 

Having withdrawn the blade 
to be used for the table knife, 
with its light blue tint, from 
the hearth, the forger again 
plunges it into water, and in 
this way proper llcxibilily is 
imparted to it. At some works 
there is machine as well as 
hand forging of table blades. 
When machinery is used, the 
making of the bolster and the 
tang and the hardening and 
tempering are 8ey>arate pro- 
^•csses carried out subse- 
quently. 

Grinding and Polish- 
ing. The forger has now 
completed his task, and the 
blade is ready for the grinder 
j 5J. The grinding wheel, or 
hull, as it is usually called in 
Sheffield, makes an interesting 
jiicture. Si>eaking is carrictl 
on only with difficidty amid 
the hum of machinery and the noise of blades 
being applied to quickly -revolving wheels. Wo 
see the grinders sitting astride their “ horses,” 
and watch the pyrotechnic display as steel and 
stone come in contact. The grinders ore at 
work on different kinds of stones. First we sec 
the blade applied to the rough stone. This runs in 



M1TAL8 


a trough with water up to the surface of the stone, 
keeping it cool and preventing the hen ting of the 
blade, which is placed on a flat stick hollowed out 
for the bolster. Bending over the stone, the grinder 
puts sufficient weight on the blade to remove the 
rough surface. It next receives a finer surface by 
being placed on the ‘‘ whitening ” stone, which is 
sin pother and liarder than that on which the first 
grinding prf>cess U)ok place. The blade is next 
rough glazed, and then fine glazed upon a wheel 
dressed with a combination of emery, beeswax, etc. 
By this process the marks left by the grinding stones 
are removed. The final polish is ])roduccd by 
“ buffing.” This is obtained by imssing the blade 
over a wheel covered with thick leather, dressed 
with superfine flour emery, with the surface thinly 
covered with beeswax aiul suet. The last o^ieralion 
being X'omf»lcled, the blade is ready for the hafter, 
who will fit it with a handle. ^ 

Hafting Table Cutlerv. In the hafting 
shop wc see fine drills, small wheels, somcwdial 
similar to those which w'c observed in the })eri- 
knife department, and deli<*a1e files. All thes • 
arc used either for treating the Vilade or for ])re]»ar- 
iug the ivory for the liaiidlo. 'riie tang is straight- 
ened, then the bolsbT is levelled and filed, 'fla* 
glazing of the back of the blade and bolster follows, 
after w'liicb the bolster is passed over a fine stoia* 
wheel and the hollow portion is ground. Subsc- 
(piently this is fine glazed and ]ioHshed. Attention 
is now devoted to tJie tang, which is also glazed, 
'fhen follow various jiroeesses associated with the 
preparation of the ivory handle k'fore the tang is 
inserted. There is the turning of the head of tlie 
handle, the rough and smooth filing of the ivory, 
called floting and ftinglr cutting, the drilling of 
tile hole into the ivory, a diflioult o])eration re- 
iluiring muoh practice in order that the drill shall 
<io its w'ork pro]»erly. Tlie handle is then made 
liner by the use of what is railed a slmvh\g knift‘. 
which takes out all the file marks of the single-cut 
tile, nftcT' which it is roiigli buffed by king [lassed 
over a specially ])reparecl W'heel, called a sandhufj^ 
wiiich revoh es ra])idly, and next it is fine buffed. 
The matching of the handle to the blade in order 
to see that it will lit properly folIow'.s. Everything 
being in order for inserting the tang, 
resin is taken from a small utensil 
which is ke])t on a fire, and witli 
this tijo tang is “ cemented ” t<» 
the handle. Sometimes the tang 
will go right through the haiidh* 
with a rivet at the end. This is 
called a through -tang knife. Others 
w'ill be ]>inned at tlie side, and are 
called {'dgv-pimud. ^’he linndle 
will subsequently undergo another 
buffing process, after wbieb there 
will be the “dollying," W’hieh jueaii‘< 
tracing the handle against a rapidly 
revolving wffieel made of calico. 

This 0 ]ieration gives to it a shiny 
appearance. The back of the blade 
is then burnished, after wdiieh the 
surface is drawn over a very fine 
“ buff,” giving it the final poli-ih. 

It is then “whetted,* wiped, and 
wrapped up for the eiistomer. 

Making Forks, the making of nickel 
silver table forks, which are now so generally 
used, machinery plays a great part. Tin's can 
he easily imagined wdien it is seen that the 
fork is formed of one piece of material. Tlie motal 
having lHH»n cut into strips of the neee.ssHrv 


width, they are then rolled, one end of the fork 
being required tliinner tlian the oth(‘r. From those 
8tri|)S the forks are cut out by a machine, and 
stamped in steel dies to the particular pattern re- 

S aired. The prongs are next “ fliod ” out, after which 
ley are made to assume a neater ap|)enrauee by a 
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6. rL'myd s(^i.ssoRS together 

st.mifung machine. The fork is then filed and benl 
into the ])roper shatK*. and the article receives tlie 
impression of the iinme of the firm, and the trade 
mark. Having been filed in the rough, the buffing 
process is carried out, and in this work women and 
girls are largely employed, the forks lK*iug passed 
over leather wheels dressed with sand and oil. Tlie 
forks are now ready for plating, a process carried 
out in the electroplating department They 
are afterwards burnished, and then finished on a 
calico “ dolly " dressed with oil and lime, and sub- 
sequently they receive a brighter ajipearancc from 
a tiniT “ dolly,” after which they are w i])ed and 
sent to the vvarehouse. 

Scissors. Tlie forging o]M‘ni* 
tion in the innking of scissors i.s 
most important, and it is only after 
years of experience that a man 
becomes a skilled craftsman. The 
forger of seissors has a shoii wiiieli 
resembles closely that of the knife 
forger; but their 0])prations aro 
<|uite dissimilar. The former makes 
the blades, and also the bows, and, 
although in a rough state, the scis- 
sors are complete, so far as shape is 
eoncenied, when they leave hjs 
hands. The forger first heats tie* 
end of the bar of steel, and Iia\ in-i 
withdrawn it from the fire brings liis 
hammer into action, and shapes the 
blade, which he severs from the bar, 
leaving sufficient for the shank and 
the bow'. 

He w ill now “ set out ” the shank 
by a few strokes of his luimmer, and then, 
l>lacing it against the point of a small anvil, 
punch a small hole, which later he will increase* 
in size for the bow. The steel is again heated, 
and the next operation is hammering out the 
blade. "Jiiis is followed by the setting out of the 
joini, an important part of the w'ork, bi cause thii 
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ia where the hole for the screw will be bored, 
and eare has to be exercised in making the joint 
in order that the blades may pair harmoniously. 
This having been accomplished, there is next the 
smithing of the blade, which we see gradually 
assume its proper shape under the strokes of the 
hammer. Once more the steej is returned to the 
fire, and the next movement is towards the forma- 
tion of the bow. We have already referred to the 
small hole which has been punched ; by skilfully 
hammering the steel on a tool which the forger 
lias on his bench he increases it to the prox>er size. 

Making Large Scissors. So far we 
have dealt with an ordinary pair of scissors ; 
the larger sizes are treated differently in the 
forging process. The lar^^c bow’s are not punched 
in the manner just described. The steel having 
been heated for the blade, or “ mood,” it is welded 
to a piece of iron, which is afterwards drawn out, 
and later on, after the smithing of the blade, we 
appreciate the skill of the forger as he curls the iron 
in the shape of a large bow, and uses his hammer 
with such dexterity that it is impossible to sec 
where the bow begins or ends, 1110 scissors, in 
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their rough slate, and not yet }Mit together, are now 
Liken to a shop for filing. Next they go to 
he l)ored, hardened, and tempered, and then to the 
grinding wheel, where the blades are ground. From 
the grinder they go to be tiled and burnished. The 
scissors are next taken to the “ putter together,” 
as he is known in the trade. He makes the 
screw that will join the blades. The hole into 
which the screw is inserted may be described 
as being of three sizes. It is largest at the top, 
for the head of the screw, which will be level with 
the side of the scissor blade. The middle of the hole 
is smaller, but sufficiently large to allow the screw to 
work freely, while the size of the hole in the under 
blade will bo only large enough to permit the screw 
to fit tightly. The sei.ssors-inaker or ” putter 
together ” has to see that their blades will do their 
work efficiently. With the use of his hammer he 
gives the blades the pro]^r curve. 

Having fitted the screw, he will take it out and 

g ut it carefally into a box, to be used when the 
lades are finally joined. Each pair of scissors has 
A distinguishing mark, and the scissors- maker will 
know the particular screw wanted for each when 


a large number of blades are subscc^uently returned 
to him. When he has made them fit properly, they 
go again to the grinder, and the blades and shanks 
arc put on a finishing wheel, after which the bows 
are burnished with a burnishing iron, young women 
being frequently employed for the latter opera- 
tion. Now, almost as bright as silver, they are 
returned to the scissors-mnker, who puls them 
together [6] with the screw that he has already 
made and satisfies himself that they are perfect. 

Razors* The liollow-ground razor has grown 
into popularity, and in the production of this 
the grinder plays an important part. Two 
lies are claimed for this kind of razor. First, 
the hollow-grinding gives an edge so thin and so 
broad that it can be frequently whetted upon 
an oilstone without requiring to be reground ,* and 
secondly, the thinness tends to the lighlness. of the 
razor. In the case of the ordinary flat-ground 
razor, after being whetted a few times, it has to be 
sent lo the grinder again. 

The grinder, having received the blades from the 
forger, proceeds to shape the tang on a dry stone. 
He also gives the point of the razor its proper shape, 
making it either round 
or square. The tangs 
are then put into the 
fire, and after having 
been taken out and 
allowed to cool, they 
are given to the file 
cutter, who makes the 
indentations on the 
underside of the blade. 
This enables a better 
grip to be obtained by 
the person who is 
shaving. 

The grinding yiro- 
eessesnow begin. After 
the blade has received 
an edge, the Jiollow- 
grinding of the blade 
Iriigthwisp is pro- 
ceeded with. It is 
placed on a stone in 
which have been cut 
deep grooves. Next 
follows the i:)rocPS8 
of cross hollow-grinding from back to edge, and 
this work is performed on very small stones f7j. 

After this process [8] there is the glazing and the 

polishing of the tang. 

Hafting Raxors. Proceeding to enclose the 
blade in an ivory handle the haftor will receive 
scales cut to the required length. These he will put 
to a plate, whioli is his guide as to pattern. By filing 
the edges of the ivory, he secures the proper shny)e, 
and t hen, with a fine, single-cut file, he will remove any 
roughness on the face of the ivory, and afterwards, 
with a shaving knife, take away the marks that are 
left by the oj^erntion. The ivory will next be buffed 
on a leather wheel dressed with bathbrick and oil. 
The scales are now ready to allow the small piece of 
metal to be inserted in the lower part of the handle, 
just above the point of the blade when it is closed. 
This is riveted in, filed, and burnished, after which 
the blade is riveted with wire at the other end. 
The hafting is then eomplete, and the razor is 
whetted ajid sh^ryiened on special stones. 

The illustrations in this article are from pboto- 
OTaphs of the w'orks of Messrs. Thomas Turner & 
Co., and Messrs. Josejih Rodgers & Sons, Sheffield. 
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By W. S. MURPHY 


THE chief t entrees of glove-making in England 
* are London. \Voreestor» LeominKter, Wood- 
stock. Yeovil, and Ludlow. Up till near the close 
of the nineteenth century the factory system 
took little hold on leather glove mamifacture. and 
at Woodstock and Wore(‘Ster the liand worker 
still keeps a firm grip of the trade. Glove - 
making hy hand is a home industry. The mastc'i* 
glover of Worcester, for instam^e, gives out the 
leather and tlie orders to the workers, who 
take them home, it may he in a village five or 
SIX mih'S away, and there, father, mother, or 
children, make the gloves. When finished, the 
work is Vu’ought back to Worcester. At Wood- 
stock, where a special kind of doeskin glove is 
made, the system is differ- j. 
ent. Hut glove-making 
there also a home industry, 
and one may see the tawi»d 
leather hanging in the l»a<‘k 
gardens of tin* workers. 

Varieties of Gloves. 

Press kid gloves are the 
most common form of glove. 

These au‘ made in many 
colours and of qualities 
ranging in retail value from 
Is. ()d. per pair up to 7s. Od., 
or over. Tlie best qualities 
are plain, eoming only to 
the 'snist, and consist of real 
kid. Lower qualities are 
nuule to resomhle kid, the 
tiner class from lambskins, 
and the rest from sheepskins. 

The long -armed gloves 
which 1 ‘aine over from 
France in Uharles II. 's 
reign have fliek(M’ed in and 
out of fashion ever sinei*. 
and are made in consider- 
able quantities at all times. 

But the length ^'aries greatly. 
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In general, it may 
he said that there are three lengths — above the 
wrist, up to the elboAv, and midway up the biceps, 
Ihc extension being generally, though not always, 
regulated by the shortness of the dress sleeve. 

Gauntlets are a form of glove almost constantly 
in demand as riding gloves by ladies. The cuff 
springs out wide at the uTist, and is stiffened 
cither by padding or cane facings. They are made 
in all kinds of leathers, but more commonly in the 
heavier classes. Suede gloves are made of skins 
u-iili the flesh side outward, giving a soft surface. 

Poesldn gloves are probably the most durable 
of fine gloves, very pleasant to the hands, and yet 
capable of standing rough wear. Many golfers, 
riders, hunters, and other sjwrts lovers of both 


sexes, find them very useful. The skin of the 
deer, from which real doeskins are made, is at 
onta* soft and unstretehable ; tlie form of tlu* 
glove is retained through long wear. 

Strong leather gloves arc useful to drivers, 
fishers, and other outdoor workers. Gentlemen 
favour the lighter kinds of leather glov(‘s for 
evervday wear, the kid glove Iwung too light. 

These are the leading kinds of glove ; hut w(^ 
can liardl^^ say that the catalogue of gloves is 
more than suggested by our selection. Every 
season a new kind catches the public fancy, or 
fashion leads back to a style we had thought gone 
out and passed away. Poihaiis, hoi\ever, it is our 
duty to hint that the differences are more appar- 
^ ent than real and inten- 
tional. For this the factorv»^ 
is chiefly resiionsible, and 
the factor}' worker simply 
gfH's on follo>\ing the pat- 
t(‘rns. 

Tools and Materials. 

As we have hinted, tU*^ 
home workshoj) bears a 
strong resemblanee to tlu' 
factory ; the latter is prael i- 
eally the former on a hirgi* 
scale, •with the necessary 
application of power-driven 
machinery. Some home 
workers are only glove 
sewers ; but the real glovi'v 
carries through every proci‘ss 
of the operation, from the 
rough leather to the finished 
glove. He has, therefore, 
\\'ashing-tiib, dyeing trays, 
staking blocks and tools, 
paring and doling knives, 
and tawing in aterials, such a.s 
we have already described 
in the section on Leather 
Pressing [pages .*1163-CJ. The tools of the 
handicraft glove sewiu* are few and simple. Fiv.st 
are the needles, and these are of the very finest 
description, glovers' noodles Ixdng of a special 
make. Next is the cutting stamj). Machine 
manufacturers, always on the alert for new 
trade, have managed to introduce that iiandy 
appliance, the stamp cutter, into even the 
small workshops, with large saving of lime. 
Hand-blocks of various sizes and many models 
are used. The most ingenious block we have 
ever st‘en is the mechanically adjustable model, 
which can be made any size at the will of tho 
operator. Sewing clamps are indispensable. 
Unlike the clamps of the saddler and the shoe- 
maker, these clamps have very fine teeth, which 
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clamp the work and afford a series of regular 
ehanncls for the stitches. Here, also, we have 
the ubiquitous sewing machine, now running the 
hand sewer out of the factory. Besides, we 
use knives, scissors, hand punches, and other 
small tools. Last to he used, but not tlie least 
important, is the glovers’ press! It is by means 
of this tool the tine shape and gloss are imparted 
to gloves. The wearing quality is not in the 
very slightest degree enhanced, but the buyers’ 
eye is pleased. 

Materials. The threads of the glover are 
composed of silk, cotton, and linen. For the 
highest qualities of gloves, silk is indispensable ; 
heavy gloves are. sewn with the linen thread ; 
the most common thread is fine cotton. 

Leather is, of course, the material out of wliich 
leather gloves are made ; but und(‘r the term 
we find a wide range of materials Ix^longing to 
very different classes. Most of the smaller 
cpuxdrujM^ds give tlieir skins to the glove-makers ; 
but tin*, material commonly 
used consists of the skins of 
kid, goat, clievrette, nundc'er, 
sheep, calf, and colt. The 
tinost and thinnest gloves 
are made from kid skins, 
derived from Switzerland 
and the mountainous dis- 
tricts of France, Saxony, and 
Austria. From South 
America, also, supplies of 
good kid skins are imported, 
as well as large quantities 
of shecyj skins. Sheep and 
lamb skins are imported 
mostly from Russia, South 
Africa, Italy, Spain, Hun- 
gary, and the Balkan 
provinces. 

Linings. Winter gloves 
are lined with various 
matorials, Tlie favourite 
lining is silk, and this must 
be of tlie tn^st quality. A 
very fine flannol is used for 
men’s and driving gloves. 

Padded, fur-lined, and various other kinds of 
gloves have been introduced for winter wear ; 
but these mentioned are really the staple kinds. 

Trimmings. Of trimmings and fastenings 
the glover has a constant cliange, fickle fjushion 
being the dictator in that department. At one 
time, the cuffs of a dainty gauntlet have to be 
embroidered in brocade style ; at another, silk 
of one colour runs ip lines or curves round the 
wrists. The backs of the hands are embroidered 
or plain, in accordance with the fancy. 

Fastenings. In fastenings, too, the 
fashions vary amazingly. Plain pearl buttoiw, 
embossed gilt, enamelled, or glass buttons, 
alternately gain favour. Patent spring catches 
of ingenious character are brought in every 
season for winter gloves. Some very pretty 
devices have been introduced for lacing gloves. 
Lacing hooks, set with pearls, turquoise, blood- 
stones, and other precious materials, have come 
and gone into and out of fashion, with silk, gold, 
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hair, and chain laces. But for these the glover 
has to keep his eyes open and liis inventive 
faculty alive. A new fastener of novel design 
will sometimes do more to make a business 
success than any degree of industry. 

Leather Preparing. The appliances 
and methods of the home worker are various, 
and frequently primitive, though the product 
is generally of the finest class. In the factory 
a more uniform system obtains and may l>e 
more easily observed. First, the skins are brought 
to the sorter, whose business it is to classify 
the skins according to quality. Sorting demands 
high skill and great care, especially in these 
days of clover sophistication. Having boon 
sorted, the skins are washed [21]. So aked in tubs 
of tepid water, the skins are brought into a soft 
condition. As yet, the dollying tub has not 
been brought into the glove factory, and the 
driving out of the dirt and grease is still per- 
formed by the tramping feet of men, wlio got 
into the tubs and tread 
the leather. This operation 
is illustrated from Messrs. 
Dent, Alleroft, & (’o.'s fac- 
tory, to which tirm we are 
indebted for the illustrations 
of this section. 

In tlie washing operatJou, 
a considerable proportion of 
the egg yolk and flour 
dressing has been taken out , 
and a now dressing must 
be applied if the leathei* is 
to retain its softness and 
flexibility. The egg-yolks are 
made into a paste, with flour, 
water, and a little alum, 
the dressing being thor- 
oughly worked into the 
body of the leatlicr. 

Dyeing and Staining, 
(dove leathcT may l>e dyed 
or stained by three or four 
different methods , We m ay 
choose to stain one side by 
brushing, plunge the whole 
skin into the dye-bath and colour both sides, or 
we may wait till the gloves are made and stain 
them in the finishing process. The two first 
methods belong to the departmimt of leather 
preparation, and naturally come und'u* observation 
here. 

Vegetable dyes are used. The dye having 
been made ready, the skins are stretched out on 
a leaden table [22J, and brushed over with a mor- 
dant, generally a simple alkaloid, to make the 
colour lie. Then the die is bruslied on, coating 
after coating being applied till the required 
depth of shade has been obtained. Next, a 
fixer, or striker, is put on, iron liquor being 
commonly used for tan and dark shades. Rinsed 
in water, the skin is then hung up in the hot 
stove to diy. 

One side only of the leather is dyed by the 
brushing process, the aim being to keep the 
inner side of the glove white. 

Wlien both sides are to be coloured, the 
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plunging method is used. The skins are simply 
immersed in the dyeing liquor, and worked 
through till the material lias been thoroughly 
impregnated with the colour. Otherwise*, there 
is little difference in the two operations. 

Open air drying is preferred 
by the glovers who work at 
home ; but the factory drying 
is done in a large stove in 
which a current of air is 
constantly kept going by 
power-driven fans. 

Staking and Paring. 

Drying bos caused the skins to 
harden and wrinkle. Softened 
a little with damp sawdust, the 
skins are broken over the stak- 
ing knife — a blunt, semi-circu- 
Jar-blade fixed on the bench. 

Staking smooths the grain 
side ; but the flesh side of the 
skins is rough. Fixing the 
skin flesh sid(^ iijiward, the 
worker takes a “ moon-knife,” 
so called from its shapes, and 
tiarefully pares away the rough 
parts. Tliis is delicate work, 
for the knife is keen and the 
skin is thin. 

Doling and Sorting. 

Doling is a shaving oper- 
ation, applied only to the highest class of fine 
kid skins. Laying the skin, flesli side upward, 
on a slab of marble, the operator shaves the 
leather with a flat blade shaped like a broad 
chisel, producing a smooth, hard surface. 

Some defects in the skins may have been 
brought into evidence during 
llie foregoing operations, and 
they are carefully insp(*(5tecl 
again, and finally classed for 
glove-making. 

Cutting Gloves. A glove 
seems a thing (iasy to cut till 
you try it. 1 jkc a great many 
acts of craftsmanship, it is 
simple to describe and very 
difficult to do. A side of 
leather is first cut into pieces 
the size required — that is, 
doubl(» the breadth and a 
little more than the length of 
lh(^ glove to ixs made. Double 
over a pair of the pieces, 
folding the one from left to 
right, and the other from 
right to left, leaving a margin 
on the under half. The part 
lying undermost is the back 
of the glove, and is made 
larger than the front. Divide 
the top part of the doubled 
leather into four, the length 
of the fingers, with three straight cuts. Open 
out the front, so that it lies fiat on the board, 
and cut from the edge of the fold outward a 
slightly oval circle. The hole is the thumb 
socket, and the three cuts have made the fronts 


and backs of the four fingers of the glove. 
Gussets are required for both sides of the 
second and third fingers, and one side of the 
first and fourth ; and the thumb of the glove 
must also be cut out. Make sure that the colour 
and texture of the leather 
is exactly the same as the 
body of the glove, and cut to 
size. 

By a slightly different 
method of operation, after 
being assorted os to quality 
and size, the skins are trans- 
ferred to the cutter, who cuts 
them into oblong pieces of 
the size required, which are 
turned over to the puncher 
[23], who takes two or three 
pairs at a time, and subjects 
them to the action of a press 
carrying a punch corre- 
sponding to the size of the 
gloves to be made, which forms 
the hand, with all the 
necessary slits, openings and 
button -hotos. The thumbs 
and jourcheltefi, or pieces 
betwcim the fingers, an^ 
punched separately. 

There are ten different 
sizes, from 5J to 8, for hwlies’ 
gloves ; thirteen, from 7i to 11, for gentUs 
men’s ; and seven, from 5 to 6 J for misses. Each 
of these sizes has a corresponding i>latc which 
serves as guide to the cutter. 

Pointing, On the backs of gloves, various 
forms of ornamental sowing, or tambouring, atv 
wrought. Pointing, as the 
poration is technically named, 
is generally done by hand on 
the l)a'*ks, before the gloves 
are sewn. Plain lines of 
stitching are sometimes pre- 
ferred by fashion, and the^e 
are put in either by hand or by 
machine. Heavier patterns 
are tamboured. First, the 
holes are stampi'd in th(^ 
backs with a mallet and 
point called a preen. Then 
another worker, sitting at a 
frame |25], works the threads 
into the patterns with a 
crochet hook, A sewing- 
machine has been invented 
which imitates the hand 
tambouring. 

Sewing. Glove-makers 
speak of three kinds of sew ing 
1 24j : roundseam, prickseam, 
and pique. Roundseam is the 
Idest and highest kind of 
work. By this method the 
glove pie(!i«j are put together and sewn over the 
outside edges, forming the round cord familirr to 
glove wearers. Prickseam is the coarsest and 
strongest sewing. The two edges of leather are 
laid together, and a narrow seam made along the 
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side, the double edge stauding out from the glove. 
Pique is neater though not so strong, the one 
edge being placed under the other, and only one 
ply of leather showing. 

Sewing. First in point of time, and y€'t first 
for excellence, the hand method [24] of roundseam 
is worthy of primary attention. Here comes in 
our sewing elamp, or “ donkey ” frame. Adjust 
the pieces to be sewn neatly together, and 
with the foot press the clamp, and with needle 
and thread begin to stitch. In the clamp are 
very fine teeth, numbering twelve to the inch, 
and it is l)etwcen these teeth the needle passes 
every stitch. Pass tlie needle through one side 
and bring it out at the other, making the little 
ridge to be seen on all fine glov(*s. I’iie work is 
ti^lious and trying, but practic<‘ makes even diffi- 
cult things easy. Two points are especially imjior- 
tant in the making of a glove- -the insertion of 
tlu' gussets and the sewing in of the thumbs. If the 
gussets are uneven, the %vork is spoiled ; if the 
thumb sits badly, no amount 
of blocking will ])ut it right. 

Anotlier v<*ry vital part of 
the glove is tlic finger-tip. 

Hadly-sew'ti gloves 'first In^gin 
to show their weakm‘ss thei*c. 

ilcfore the sewing machine 
was brouglit to its present 
state of perfection no one 
could make a glove wdiolly 
by machine — at least, not a 
glove that would stand 
(’onn)arisoTi w ith a hand- made 
glove. Now, however, the 
machine-made glove is practi- 
cally unrecognisable from the 
product of the hand. Some of 
the chca|H'r classes arc not 
put out to compete wdtJi the 
high-class glove, and tJi(‘y 
ai’o seamed in a style that 
condemns them at once, 
generally priekseam, which is 
suited best for luw’y gloves. 

No glover has a.iiy reason to 
fear the competition of that 
(juality of glove. But th(‘ makers of ma'diiiies, 
like ])ersistent suitors, would not be denied, 
and })crscvf‘red, till a sewing macJiine w’as made 
that could seW' gloves in exact imitation of the 
hand-sewing. Thes(i machines are now in use 
in all tlie best factori<’s, and require no special 
skill to work them. Tlie machinist puts the 
pieces together, and the machine does the rest. 
A difference lictwocn the hand-made and the 
machine-made glove can, of course, be observed, 
and it tells in the wear ; but the average purchaser 
must rely on the good faith of the man who sells. 

The varieties of glove mentioned are not all 
sewn or put together in the same way. Even 


gloves of the same pattern may be constructed 
differently. Some kid gloves have small diamond 
gussets set in to allow for the expansion of the 
fingers, and others have not. Those smaller 
gussets undoubtedly assist in fitting the glove 
to the flexure of the hand, and take the strain 
of movement off the fingers. 

Long-armed and lined gloves present no great 
technical difficulties. The cutting of the long- 
armed glove is the main part ; the sow ing is 
plain and easy. Lining is cut to the same size as 
the body of the glove, and sewn in with the 
gussets. The lining of the fingers is simply back 
and front. 

Buttonholing and hemming are points that 
must Ihi skilfully done on good gloves. The 
buttonholing is simply the crossover stitch 
common to all buttonholes ; but the hemming 
of the edge and the sides of the glove is a delicate 
ox»eration. No stitch must appear on the outside 
of the glove ; everi’’ stitch catches the inner 
skin and holds by it alone. 

Dyeing and Finishing. 
Fine kid gloves are coloured 
on one side only, for obvious 
rt'asons. If not stained in 
the skin, the glove must be 
coloured in the finishing. 

After the work of sew^iiig 
lias been completed, the glove 
is blocked — that is, drawn on 
a woodem block of its size, 
(-arefully fixed, so that not a 
crease or wrinkle appears, the 
glove is jiainted over writh the 
colour, and left to dry. The 
lirst coat is absorbed by the 
leather, which appears almost 
as white as before. A 
sf'cond coat is applied, and 
a third. No^v we haves a 
solid colour ; but it is dull 
and hard. 

'J'lie st.aiiKxl glove is goiu^ 
over with the polisliing bon<? 
— a rounded piece of hard 
bone or ivory, which is rubbed 
on the surfa^’c. It lifts off every vestige of 
suix*rfluous colour and gives the leather a fine, 
smooth surface. 

In the factory we have a different and 
quicker method. The dyed gloves arc i>rcssed 
at moderate heat and polished in a few' moments. 

Now^ the gloves are looking fairly well, but a 
finishing touch is yet required. T^eft in that 
condition, the gloss would leave them after a 
single day's wear. To fix the gloss, and add a 
smooth skin, the w'hite of egg is applied with 
scrupulous care to the whole surface of the 
leather. When thoroughly dry, we press the 
gloA’cs, and they are ready for the market. 
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By Professor HENRY ROBINSON 


IRRIGATION may be defined as the application 
^ of water to the purposes of agriculture, 
either naturally or artificially. The former is 
dependent upon the rain and the flooding of 
the land in times of the maximum discharge 
of rivers. The latto is effected by means of 
canals and tanks, sometimes supplemented by 


pumping. 

There are two systems of irrigation — basin 
irrigation and 'perennial irrigation. The basin 
system consists in turning the waters of the 
rivers on to the land in flood time. In Egypt, 
the land is divided up into large areas called 
basins f and the water is allowed to remain on 
them at an average depth of about 5 ft., for 
about forty days, and it deposifs the silt which 
th(^ water contains, after which it is drained into 
the river. Witli |>erennial irrigation, the land 
is watered all the year. 

Irrigation in Foreign Countries. The 

storage of water for irrigation purjjoscs has 
received more attention abroad than in this 
country. This is mainly due lo the fact that in 
countries like Egypt and India there are very 
long periods without any rainfall. Egypt, in 
fact, is a country which is practically without 
rain, the rainfall in Cairo being on the average 
only about IJ inches per annum, so that it is 
dependent entirely on the River Nile for its 
supply of water. In this country, however, 
although the rainfall is more or less capricious, 
there is, as a rule, suflicient during the year to 
(enable agricultural operations to be carried on 
without the aid of artificial irrigation, although 
some soils are bem^fited by irrigation. Practical 
irrigation in this country is confined to damming 
up streams so that the water flows up ditches and 
floods the adjoining land. 

Irrigation in Egypt and India. For 
irrigation works of great magnitude*, India 
and Egypt afford some of the finest examples. 
Some idea of the magnitude of these works 
may be obtained when it is stated that in 
1901 the arcii irrigated in India from (Govern- 
ment canals was 20 million acres, and the 
total length of main canals was 13,000 miles, 
with 31,000 miles of distributors. In Egypt, 
the construction of the “ barrages ” a few 
miles to the north of Cairo, and in more recent 
years the dam at Assuan, serve as examples 
and will be explained later. In India, many 
storage reservoirs have been constructed for 
irrigation purposes under the Public Works 
Department. Some of these are made with 
concrete or masonry dams, but the majority are 
made with dams of earthwork, the material 
being brought from the neighbouring country 
and consolidated by the native labourers, who 
bring the materials in small baskets on their 


heads, and also by the employment of elephants 
to tread in and consolidate the mass. Some of 
the finest works in tlie world are made in this 
manner. In storing enormous volumes of water 
thus dealt with, one of the most important parts 
of the work consists in providing for the escape 
of the excess w^ater when tlie basins or reservoirs 
are full. 

Natural Irrigation. All rivers in times 
of flood carry a great deal of matter in sus- 
pension, generally a mixture of alluAual matter 
and sand. In the upper reaches, the velocity 
is generally suflicient to carry this forward, 
but when the river reaches the valleys this 
suspended matter tends to get deposited, and 
so the bed of the river is raised above that 
of the surrounding country, thus facilitating 
irrigation. The rivers in flood time carrying 
vast quantities of this suspended matter, or silt, 
overflow their banks and deposit the silt on the 
siirroundiiig land. The fertilising properties of 
this deposit are great, and after th<^ deposit has 
taken place, the Avater is run off the land and 
the crops arc sown on it. 

On the River Nile in the old days, banks werc^ 
formed along each side of the river above flood 
level. At right angles to them other bonks wt*re 
earrie<l dividing the land up. Canals were cut 
into the river banks during low water ; in times 
of flood the water was carried on to the land by 
this means, and the suspended matter deposited 
there. At the end of the flood the water 
drained off and the crops were sown on the 
deposited mud. By this system only one crop 
could be raised each year. 

Artificial Irrigation. On the other 
hand, in the upper reaches of the rivers, the 
banks are usually higher than the river bed, 
so that in order to irrigate them (as in 
Northern India) it is neeessaiy to tap the river 
in the higher reacjhes to obtain enough head to 
command the high levels. The usual method 
of conveying the water to the land is by means 
of canals, and they may be divided into two 
classes — thither for irrigation pure and simple, or 
combined with navigation, to enable the produce 
of the land to be transported. In designing 
canals care must be taken to note the geological 
formation of the coimtry through which the 
canals have to pass, in order to determine their 
proper slope to prevent scouring the beds. When 
the stratum is hard, the slope, of course, is 
immaterial as far as scour is concerned. When, 
however, navigation is combined with irrigation, 
the slope is material, in order to get as small a 
velocity as is consistent with the successful 
carrying forward of the silt, which would other- 
wise deposit and fill up the channel. Also, if 
the channel is to be navigable, a certain minimum 
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deptli must bo allowed for, which is deductcKl 
from the quantity required for irrigation pur- 
poses. The calculations for arriving at the size 
of the channel may be made with the formula 
already given in considering the discharge of 
rivers. The coefficient N in Kutter’s formula 
is generally taken as 0*025 for -this class of work. 
It has been found, however, that in some canals 
in India, which had silttd, and by this means 
adjusted themselves into the best form of 
channel for their particular condition, a discharge 
of from 20 per cent, to 25 per cent, in excess of 
that given by the formula had been obtained. 

With regard to the minimum velocity to 
prevent the deposition of silt in Egypt it was 
found that when the velocity was less than 
1*8 ft. ]:)er second it would occur. With regard 
to the maximum velocity (as previously stated), 
it must depend to some extent on the nature of 
the bed and banks. In India, 3 ft. a second has 
been considered to be a safe* maximum velocity. 
When possible, in constructing the canal, the 
excavated material should closely apprt)ximate 
lo the amount TK'cessary for the banks, and 
this would be the most favourable condition 
of affairs. Also, ulum curves have to be resort 
to, they must, bo very fiat, in order to prevent 
bank erosion. 

Irrigation in Steep Country. When 
the slope of the country is steep, falls have to 
he resort (*d to in order to keep the gradient 
within limits. In this cas(^ the velocity is greatly 
increased, and is consequently felt for a con- 
siderable way up the canal. It then becomes 
n«H'essary to protect the beds and banks, and to 
mak(^ them of such material as will resist this 
increased velocity. The siinjilest canals in India 
are called ivundution canals. Chits arc made from 
the rivers inland, and are generally run parall(*l 
t o the fall of the country or river course, the land 
being wattaed when the river is in flood. A 
permanent supply for canals is generally a river 
carrying a ]x*ronnial stream, the lu‘ad of the 
canal being located high up on its course, so 
that th(* water is more or less free from deposits. 

This is known as perennial irrigation, as the 
laud receives water all the year round. TIk* 
(juantity of water required depends on the area 
to bo irrigated and the nature of the crops. 
In Uiiper India 1 cubic ft. per second has been 
found sufficient to raise food crojis on 200 acres. 
This, however, varies, as is shown by the following 
data. On the Eastern Jumna (^anal, which has 
given some of the liest results in Northern India, 
the average depth has seldom been less than 
2 ft. 6 in., wbicli would mean about 1 cubic ft. 
per annum for 300 acres. On the Changes 
it has been about the same, and on the Agra 
Canal the average was 5 ft. 0 in. in one year, 
wliereas in the year following it was 4 ft. 0 in., 
while it exceeded 6 ft. and 7 ft. on some of tVie 
tri but aril's. 

In Southern California, for grape crops and 
fruits of that class, 1 laibic ft. per second will 
irrigate 500 acres. In Lower Egyjit the year is 
divided into three seasons — s^fi, or summer, 
nili, or flood, and chitawi, or winter. 
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The summer crops are cotton, rice, sugar-cane, 
melons and cucumbers. In the flood season 
maize is grown, w^hich is the staple food of the 
agricultural population. During winter the 
crops are wheat, barley, beans, and elovei. 
Many thousands of water-wheels and tmpiies of 
various kinds are brought into use for irrigation 
purposes. The summer crop is the most difficult 
and cxixmsive to raise, and is irrigated from 
summer canals, w hich are supplemented in floods 
by shallow' canals that are used only at tliat- 
time. 

To assist summer imgation barrages have been 
constructed at the head of the delta to maintain 
a higher water-level. The position of these 
barrages is at a point slightly to the north of 
(y^airo. where the Nile divides into tu’o branches, 
known as the Rosetta and Damietta. Th*i 
Rosetta barrage is 1,437 ft., and the JXimietia 
1.709 ft. These are open dams, built across 
the streams, provided with regulating gates, 
which are lowered into position by means i>f 
chains attached to the gates and worked by 
crabs. 

Assuan Dam. More recently the great 
work at Assuan, w'hich is familiar to every- 
one, has been com])leted, and w'ill he referrini 
to only briefly. This great dam eieates a vast 
reservoir which supplements the discharge of tin* 
Nile during the summer months, and is estimated 
to hold 37,612,000,000 cubic ft., and gives a 
better supply of water in summer tbnii w'us 
available before its construct ion. 

The problem w'hieh had to be solved was how* 
to deal wdth the vast quantities of silt w hich aic 
brought down by the riv(*r in flood, and which 
would have ultimately filled up the reservoir. 
This w*as got over by pro\'iding the dam (whose 
length is about 1 j miles), with sluices at various 
levels of sufficient capacity to discharge tlu* 
whole of the waters in time of flood. These arc 
left ojxm until the water has got sufficii'iitly 
clear, when they arc gradually closed, and tlu* 
water is then stored. 

Indian river weirs are different to the l>arragc.s 
on the Nile, Ix'ing formed by a solid wall right 
across tlu* river, pierced by sluices. The barrages 
in Egyi>t , which have bwn mentioned, consist of 
platforms which are laid aci'ois the river, and 
on which piers are raised and arches thrown 
over, so that the flood can jiass through at its 
highest level, thus preventing deposits. 

Canals. Canals provide the means for trans- 
porting goods by boats and barges through 
inland districts, or of connixding up rivers, and 
thus opening out great lengtlis of w aterways, as 
in Russia, France, and other countries." An 
instance of this is the canal joining the Obi 
and Yenesi rivers in Silieria, wdiieh opi*ns up a 
waterway of over 3,0()0 miles by a canal about 
five miles in length. Since the development of 
railw'ays in this country, canals have to a great 
extent been superseded, although those of tlu* 
Aire and C^alder and the Weaver are except ion.H. 
'Many years ago tlie writer converted the Gwen- 
draeth Valley Canal in Carmarthenshire into a 
railway. This was used for bringing anthracib- 
coal from the collieries in that district to Burry 
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Port for shipment, and for transport by the Great 
Western Railway, which passes through this 
district. 


Another reason why canals have not succeexied 



Afto CMLPtm c^mt 


tut* *1S 



CMat» 



m fulfilling 
their object 
to 

purpose is the 
want of uni- 
formity of 
gauge of the 


various canals 


13. SECTIONS FOR CANALS 
AND LOCKS 


and locks. 
This was de- 
monstrated in 
a jmper re- 


cently read before the Institution of ("ivil 
Engineers by Mr, A. J. Sauer, who exhibited 
sections of various canals and locks [13], which 


thoroughly illustrate this point. 

He also suggested that, a standiird should be 
adopted of the form illustrated in 14. The 



14. STANDARD FORMS OF CANAL AND LOCK 
SECTIONS 

lock should be 230 ft. in length, as this would 
accommodate eight of the ordinary n arrow' boats 
of 7 ft. in width, with the tug for towing them. 

As a canal is essentially a still waterway, 
it is generally more or less tortuous in its course, 
in order to follow tlic contour of th(‘ count 
and to savt*. great changes in level. When these 
changes of level, liowever, are unavoidiible, 
locks, lifts, or inclined planes have to bo resorted 
to. When locks are used — and this is the most 
general way — if the fall is considerable, t he chang(‘ 
of Ic^vel is effected by what arc termed Jiighfft 
of locks f being a series of locks at. different 
h'vols. Where the strat a is |x'rineable, it becomes 
necessary to provide some form of lining to 
prevent leakage, a very common plan being to 

use clay puddle, 
although con- 
cretes has been 
employed. Figure 
16 show's two 
15. METHOD OF PREVENTING fonUS of 

LEAKAGE IN CANAUS 

ti g u r e being 
lined with puddle across the whole section, 
while the upper one has only a vertical puddle 
wall, which is usually made about 3 ft. thick, 
and which is always necessary. Professor 
Rankine gives the following examples of the 
extreme and ordinary dimensions of canals. 

iSreiwlth at Breadth at Depth of 

iHittuin iu top wiiti'f 1» water In 

feet. ' fort. 


Small canal 12 i 24 4 

Ordinary canal 25 { 40 5 

Large canal 50 | 110 20 

The inland canals in this country afford, as a 
rule, sufficient depth only for barges drawing from 



3 ft. tn 5 ft. of water, and the locks provide for 
boats about 70 ft. in length, and 7 ft. to 15 ft. 
in width. In the cisee of the Aire and (balder 
and Weaver canals, these figures have been greatly 
exceeded, as the following will show. The 
maximum size of vessels in the former is 120 ft. 

X 17 ft. with a draught of 7 ft. 0 in., and in the 
latter 120 ft. x 25 ft. with a draught of 10 ft. (> in. 
The general width of a canal should l)e suffi- 
cient to allow two boats to jiass one another, 
and the depth and sectional area of waterway 
should be sufficient to cause no increase of the 
resistance to the motion of the boat other than 
that due to the water. 

Requirements of Canals. The follow- 
ing rules generally satisfy the above : 

1. The least breadth at the bottom to be twice 
the greatest breadth of the boat. 

2. The least area of water w'ay to be six times 
the greatest midship seetion of the boat, 

3. The bottom of the w'atcrw'ay to be flat., 
and the sides, when of earth, to not stecpi'r 
than IJ to 1 : when of masonry, they may be 
vertical, but the canal sliould have aliout 2 ft. 
extra width at the bottom. 

4. The least depth of waterway should be 1 Jft. 
greater than the greatest draught of boat. 

A towing-path should W provided at one side 
of the canal, usually al>out 12 ft. in width at the* 
top, and about 2 ft. above the water-level, and 
should be made to slope away from the canal, 
in order to give a better foothold for the hors(‘8. 

It is necessary to protect the* sides of the canal 
about the water-line on account of the w'ash, 
usually al)ont. 1 ft. above and 1 ft. Iwlow the 

w'ater-line. 

r.,.. Tliis can be 

aocomplished 

16. FOSS DYKE CANAL TOW PATH 

shows the method that w'as adof)ted at the Foss 
Dyke (./anal, as w(‘ll as the method of draining 
the tow'path. 

Th<! amount of water required for canal 
purposes can be estimated as follows: Waste 
of water by leakage of the channel, repairs, and 
evaporation, eijuals the area of the surface of the 
canal multiplied by ,1 of a ft. nearly. Current 
from the higher towards the lower reaches, pro- 
duced by leakage at the lock gat(‘s, represents 
from 10, (XX) tc 20, (KX) cubic ft. per day, in 
ordinary cases. For the expenditure of water in 
passing boata from one level U) another, let 
L denote a lockful of water — that is, the volume 
contained in a lock chamber, between the upy)er 
and lower water-levels — and B the volume dis- 
placed by a boat. Th<m the volumes of water 
discharged from the upper pond, at a lock or a 
flight of locks, under various circumstances are 
as showTi in the table on next page. The minus 
sign prefixed to a quantity of waU^r denotes 
that it is displaced from the lock into the 
upper pond. 

Canal Locka. Rankine has deduced from 
these figures that single locks are more favourable 
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or large tidal river, and a seaport, as, for instance, 
^ ^ the Manchester Ship Canals or by cutting across 

land to connect two seas, and tlius to provide 
^ shorter course for sea-going vessels, as, for 
T>*m •! n boM« mstance. the Suez Canal, which connects the 


TruM «f n tiMbi •wiwrtiiig 

Twu tiMa*. mtIi of n ba«i«. Ui>' > 
lirai dMmuiiac, lb* •wood} 

rtifV 11/ mLofk* ~ 

()ai> bmt 

(>w bMt MTCAdtnt Pull 

liu*ta. dMontdinft Md ) l)«4rFndiim (ult 

MTMidinff •llp AMTfidinn omiitjr Am radtoff IvU 

Tr«iii of n bMt« Kmpiy Empty 

in of o hoikU Mreodutg ir^n 

• trtlru, Fwb of u bnaU 

ml dvacmdinR, and Full 

d »»t rniHni 

to economy of water than flights of locdvs ; 
that at a single lock single boats ascending 
and descending alternately cause less expendi- 
ture of water than equal numlx?rs of boats in 
trains ; and that, on the other hand, at a flight 
of locks, boats in trains cause Jess expenditure 
of water tlian equal numlx‘rs of boats ascend- 
ing and descending alternately. For this 
rtnison, when a long flight of locks is un- 
avoidable, it is usual to make it double — that 
is, to have two similar flights side by side, 
one for asc^tending boats, and the other for 
<Jescciidirig l>oats. Water may be saved at 
nights of lo(;ks bv the aid of side ponds 
oi’ lateral reservoirs. The use of a side pond 
is to keep for future use a certain portion of the 
Avater that is discharged from a lock, wlien the 
loc'ks l)cloAv it in the flight are full, which %vater 
would Ikj Avholly dis(^harged into the lower remrh. 
Let a be the horizontal area of a lock chamber, 
A that of its side pond ; then the volume ofu^atcr 
so saved is 

LA “5- (A -4 a). 

A suhstitute for flights of locks is the hych*aulic 
lift. One of tliese was adopted to connect the 
Weavc'r with the Trent and Mersey Canal at 
Anderton, the dilTercncc of level being 50 ft. 
It A>as <rapable of raising eight barges up and 
doAvn in an hour, hut the cost of such lifts 
is very great. 

Tlie ( anal must have a regular supply of W'ater 
1(> compensate for losses due to leakage, evapora- 
lion, and the water used in the locks. This 
supply may bo obtained from rivers, lakes, or 
Springs, and must Ik? sufficient to tide over 
times of extreme drought. In some eases the 
supply is obtained from artificial reservoirs, 
eonsiructed in the upper reoc^hes of the stream 
supplying the (.anal, and providing a storage 
in flood time for use during dry weather. 

Ship Canals. The chief difference iKJtwven 
ship canals and ordinary inland canals is in tlieir 
siz(‘, as the former have to accommodate large sea- 
going v essels. On account of their size and depth 
they are able to be carried only through country 
Avliere there is not much change of level, partly on 
n(*(‘Otint of the quantity of excavation involved, 
and partly owing to the necessity of providing 
locks, with the attendant cost of construction,, 
and the delay caused to the passage of ships 
through the canal. The object of ship canals 
may be either to provide a connection between 
a large town at a short distance frouk the sea 

5480 ^ 


Mediterranean and the Red Sea by a canal 
about 100 miles in length. Narrow necks of 
low'-lying land, intersected by lakes or rivers, 
afford the best places for constructing ahi|> 
canals. Ship canals may be divided into four 
classes, as follows : 

1. Canals which, in joining up two seas, tra- 
verse high districts involving locks on both sides 
of the summit, as, for instance, the (Jaledoniau 
Canal. 

2. Canals which pass through low-lying dis- 
districts, as in Holland, with locks only at llu' 
extremities to hold up the water in the canal, 
at times of low' tide, and to prevent the sea. 
entering at high w ater. 

3. Canals joining up two seas without tin* 
intervention of locks, as the Suez Canal. 

4. Canals providing a direct route from an 
inland towm to the sea, of which the Manclu‘stei 
(^anal is an example. 

The seope of the present article will enable 
the writer to deal only bri(?fly with each of tlu*se 
types of canals. Ho will therefore confine 
himself to a brief descrqdion of one of ea( h 
class. 

High Lock Ship Canals. In ship canals 
of the first kind — namely, those that liav'e to 
attain an elevation by means of locks, bi*fore 
d(*scending by similar means — we have the 
Languedoc Canal in France and the C?aledonian 
Canal in Scotland. The latter, although of 
very old construction, is, however, typical of 
this (doss. It serv'es the purpose of connect - 
ing the east and wx*st coasts of Scotland, 
througli a scries of fresh -water lakes — namely. 
Lochs N('88, Okii, and IxKjhy. The total length 
of the canal is alx>ut 60 miles, of which about 
23 is artificial, the remainder Ixung through lh(? 
lakes. The artificial portion was made 120 ft. 
w'ide at the w ater level, 50 ft. wide at the iKittom, 
and 20 ft. deep. Regulating locks are provided 
between the lakes, and sea looks at the entrance; 
at both ends. The total rise to Loch Oicli, 
which is the summit, is about 1(X) ft, and is 
accomplished (beginning at the eastern side) 
with a flight of four locks to Locii Ness, ami 
a further sev(?n, including one flight of fiv'^e, to 
Loch Oich. From there it descends by two 
lochs to Loch Lochy, and then by a flight 
of eight, and a further two looks, it enters 
the tidal lock at the western extremity. The 
locks are about 180 ft. long, by 40 ft. wide, 
with 8 ft. rise. 

End Lock Ship Canals. Of the second 
class — namely, those w'hich pass through low- 
lying districts and connect two seas — the 
canals of Holland are examples, as, for instance, 
the Amsterdam Canal. They have locks at 
their entrances to provide for tlio variation 
of tide levels, and are dependent for their 
water chiefly on. the sea. The water-level 
is approximately the same throughout, being 
regulated by sluices or locks. 
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Lrockless Canals. An illustration of 
canals of the third clAss — namely, for the 
connection of two seas without the interven- 
tion of locks — is tJie Suez Canal, which connects 
the Mediterranean and Red Seas. The total 
length of the canal is 100 miles. Figure 17 
shows cross sections at various points. Tliese 
are taken from 


is 120 ft., and this is increased to 170 ft. 
at the Manchester end. Figure 18 shows sections 
of the canal as carried out, and the methods 
adopted for pwtecting the banks under varying 
conditions. Another feature of the canal is 
carrying the old Bridgwater canal across it on 
an aqueduct which enables barges to pass over. 

The limited 


a paper by Sir 
Charles Hartley, 
and published 
in the ‘‘Proceed- 
ings of the In- 
stitution of Civil 



water supply 
of the old 
canal, the loss 
of water and 
the time that 
would have 


Engineers.” In . ^ oi’curred if two 

the figures the st^is of locks 

(TOSS section in 

dotted lines s true ted to 

shows the form “ n t <t i.r r . e— (-nabk* barges 

of the Canal in to cross the 


1899, and the ship canal on 

full lines that 
of the proposed 
ultimate shape. 

T h route 

chosen for the 
canal passc'd 
throughfourde- 

pressions below sea- level, which are consequently a movable aqueduct, which was a convenient 
converted into extensive? lakes, with an aggre- way of dealing with the crossing of two canals, 
gate length of 27 miles. At the same time This was practically an iron trough filled with 
it was necessary to excavate a certain amount water, resting on a central pivot, and re- 

of the whole course, with the exception of volving like a swing bridge, leaving a passage 
some eight miles where the natural depth was on each side for vessels to pass ^long the. 

greater than that of the channel. canal. At other times it was closed, enabling 

Manchester Ship Canal. The Man- the Bridgwater Canal vessels to pass over. 

ch(?ste?r Ship (^anal is the example taken for The new aqueduct has two movable s]jans 

illustrating how an inland town may be serv^ed IM) ft. each, with a waterway 19 ft. wide and 

by a canal for the purposes of improving H ft. in depth. It works on a central pier 
or providing a route to the sea. The length 400 ft. long 

of the canal is 3/)^' miles, and this connects and 50 ft. 

]\T.anchester with the Mersey, and also opens wide, which 

u}) the communications with Liverpool. 1Mic carries also 

canal enters the River Mersey at Eastham, about the adjac.ent 

six miles above Liverpool, by means of three road bridge, 

locks parallel to one another, and of the following The pier is 

dimensions, 600 ft. by 80 ft., 350 ft. by 50 ft., mainly built 

and 1,50 ft. by 30ft. These locks maintain a of cement section of Manchester 

depth of 26 ft. in the canal, subject to certain concrete, siiiJ* canal 

increases in the tide levels. When extra high witli brick- 

tides are experienced, the excess water entering work and granite in the part that tak(‘s the 
the canal is returned to the river through sluices weight of the aqueduct (1,4(X) tons) includinc 
provided higher up the canal. From this it the water which i.s always in the iron trough 
will be seen that the first part of the canal through which the barges pass. The sides 
IK serai- tidal, and this is so for the first 21 of the trough are 1 ft. above the water-level, 
miles. The locks at Eastham are opened at high It is carried by side girders 234 ft. long, 
tide, and the canal is, therefore, an open cut 22 ft. 3 in. apart, and 33 ft. deep, tapering off 

to the sea. The total rise of the canal above to 28 ft. 9 in. at the ends, with a side tow- 

ordinary water-level in the tidal portion is path carried on a gallery 9 ft. above the water- 
60 ft. 6 in., and is accomplished by locks in level. Water-tight iron swing doors are pro- 
four changes of level, Hie locks being of two vided at each fixed shore end, and at each end 
sizes, side by side, and of the following dimensions, of Hie trough. The gates and trough nre 

6(^ ft. by 65 ft., and 350 ft. by 45 ft. The worked by hydraulic power, and the trough 

minimum width of the canal at the bottom can be swung with the barges in it. 
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its level, as well 
as the incon- 
venience to 
vessels using 
the larger canal, 
made it a d- 
visable to adopt 
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HOW TO MAKE BASKETS 

The Ancient Industry of Basket-making:. Cultivation of the Willow. 
The Tools Employed and their Uses. The Different Kinds of Strokes 


PRACTISED as a personal art. each man for his 
* own uses, in the days of rude barbarism. 
Rasket>makmg very early became a skilled craft, 
and one of the recognised trades in every small 
community. At present it is one of the few genuine* 
handicrafts left us by the rapid progress of 
luechanioal invention. 

The Scope of the Industry. We speak of 
the trade ns basket-making : but perhaps the more 
seientifie definition would be willow and cane weav- 
ing. For the scope of the industry has become very 
wide. Among baskets there is a large variety — 
round, square, oval, and flat ; laundry baskets, wine 
baskets, coarse packing, ■|>rotective casing for 
fragile ware, such ns stone jars or glass carboys, 
luncheon and tea baskets, chemists’ baskets, baskets 
for fruit, vegetables, provisions and clothes. Fancy 
hfiskcts, work baskets, and various light forms have 
come into extensive use, and constitute an impor- 
tant branch of the trade. (Moscly allied to the fancy 
kind of basket comes the toy trade, growing every 
>’car more important. Doll eradlcs, <diairs, tables, 
and niimeroiiH imitations of household articles, 
are made to please the childish fancy. 

But it is in the larger kinds of wicker-work that 
Britisli basket-makers have made the greatest 
advances dining recent years. Not only chairs, 
lounges, travelling hamjiers, flower-stands, and 
ntlicr such wares, but car bo(liea for motors, i^ony 
carriages, and many largo ])ieccs of wicker- woi*k 
liavo been successfully made. 

We have mentioned canc along with the willow 
in attempting to define the trade. Whole canc has 
been in use for centuries, but it is difficult to work, 
and requires great strength in flic hands to manipu- 
late. Tn more recent years 
the introduction of canc- 
pith, or, as it. is Hometimos 
tenued, cane - pul]i (a 
luatcrial of more facile 
handling oven than willow) 
has led to a mu(di wider 
employment of cane 
I >rod lifts es|x*cially among 
amateur workers. By the 
skilled basket - maker, 
canc-pith has come in as 
a very handy and service- 
able addition to his 
material. It is largely used, 
of Urn in conjunction with 
willow, for chairs and 
luncheon baskets. 

The basket-maker uses 
a considerable variety of raw materials ; in addition 
to willow and cane, rush and straw plait, he takes 
from the wood- worker many kinds of prepared 
woods ; from the iron-worker, he asks and buvs 
ditferent forms of iron : from other industries he 
requires various services. But, in the main, the 
materials of the trade arc the willow^ and the cane. 

Willow Culture. Osier farming is a branch 
of agriculture of w'hich (he public hears very little ; 
but, wdion carried on with skill, and under projxjr 
conditions, it is a profitable crop. ^A special 
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characteristic of the willow family is its fondness 
for moist, but not marshy nor water-logged alluvial 
soils. Only very coarse kinds of osier are derived 
from lowland soils, and the best results are obtained 
from drained loamy upland soils, well cultivated. 
'Die chief s|iecies are classified as osier and fine, 
each subdivided into hundreds of varieties, bearing 
local namc.-i, such as: stone osier, chancellors, red- 
bud, iiew’-kind, long- bud. Spfiniurd, French, Pome- 
ranian. The land should l )0 w^ell trenched before 
})lanting, and if not subject to alluvial flood, earc*- 
fully manured. After planting, the osier l>edN 
should be hoed over and weeded several times 
during the year. When this is done, a crop of fine 
osiers, in normal seasons, is the reward of the 
cultivator. After cutting, the willows are classed, 
the finest being ]iecled, and the coarser kinds, afti^r 
being well dried in sun and air, stacked in their 
skins. To produce what are technically named 
hn/J^^ the rods, generally of fine quality, are boiled 
in their skins before stripping. The tamiin of the 
bark imparts to them a line buff colour. 

Sorting the Willows. The different kinds 
of willow come to the basket- makers in sorted 
bimdles. Unstri]q>ed are called brown, the other 
two kinds are known as white and buff. Old names 
still survive in the trade for the different sizes of 
brown, white, and huff. The method now most 
commonly adopted is to class them as follows: tw'ig, 
short small, long small, lhree]>cnny, middJeboro’, 
and great. The names differ a good deal, but this 
classilication is sufficient for all practical purposes. 

The willows arc* soaked in tanks for a [K'riod [IJ. 
(he length of which is determined by the kind 
and the ]uir|M>scs for wixich the material is to 
be used, and are again 
more cai ref Lilly sortcal 
before they arc used for 
the finer kinds of w^ork 
Cane. Derived from 
the “rattan” of com- 
merce, many species of 
which grow ])rofus<*ly in 
nearly all parts of our 
Indian Em})ire, the cane 
is imported in bundles ol 
100 each, from 15 to 20 
feet long. The finest skeins, 
made from the flinty 
epidermis of the cane, 
are of groat length, tin* 
tough, woody substance 
that remains being drawn 
through cylinders of vary- 
ing diameters and sold as cane-pulp.. The cost 
of the material has led to the invention of chea]» 
substitutes, none of wliich, how'ever, have proved 
serviceable enough to merit mention. 

Cutting Tools. Basket-making, as has been 
said, is a skilled handicraft ; no machinery is ein- 
loyed in the w'orkshop itself. The basket-maker 
oes the w^hole of his work by the aid of the vory 
simplest tools, of which a kit, supplied by Mr, 
fx. Buck, is show'll in 2. Taking the cutting tools 
first, w'e note the shears, K. Shaped like a pair of 



1. WATER TROUGHS FOR SOAKING WIULOWS 





strong pinocr», with long legs and short blades, the 
shears give the worker great |>ower, enabling him 
to cut through fairly strong osiers very easily. 
Three knives, B, C, and H, are shown, though 
many basket-makers contrive to got along with 
one, or, at mast, two. The picking knife, B, is 
ruriously shaped; straight on the back, the face of 
the blade slants forward at an angle to the head, 
which is out off at an obtuse angle. The fihop knife, 
Cf is a plain blade, and the 
smaller knife, H, has a very 
tine blade, keen and pointed. 

Tools for SKein- 
making. A very important 
group of tools are those for 
making skeins, D and E. Made 
of hard wood, with a round 
head fitting into the palm of 
the hand, the body of the 
cleave is wedge-shapcfl, with 
grooves running from poini 
to neck. Tlie number of 
grooves determines the num- 
ber of parts into which tlic 
rod is to be split. If we are 
get three skeins, the cleavi* 
with t liree grooves, 1), is used : 
if four skeins are being made, 
the four grooved cleave, E, 
roines into ojieration. With 
tlie knife makes the eiits in the 
lop of the willow; the grooves 
of the cleave arc fitted into 
(be sulits, and by pushing 
steadily tliroiigh to the end 
yon obtain tbe rough skeins. 

After l>eing split, tlie osier or 
line skeins have two faults 
which should l>e corrected 
before using. Tbe ])ith of 
the liCiirl of the split willow 
remains on the inner side 
ta])er of the natural growtli 
butt to tip shows itself in the gradual thinning 
of the skein. To remove the pith, and make the 
skein equal in all its length, wo have two kinds 
of tool, the one called the upright, E, and the other 
the shave, A. In principle, noth tools arc the same, 
but in form very different. In the iJie cutting 

tool is a steel blade placed in a graduatc'd position 
towards an iron l>ed. I'he blade having been set 
i o the thickness recpiired, tbe skein is draw'n through 
with the right hand, while the left thurnf* guides 
it against the blade. In this way the skein is plan<*<l, 
and an equal thickness obtained. 

The upright is rather more ingenious, tlie cutting 
tools being contained within a holder. The blades 
having lieen set by thumbscrews to the breadth 
we think the skein will stand from end to end, wo 
ilraw it through th<' upright, eutting away irre- 
gularities. Now the skeins are ready for any 
puiq^ose. 

Other Appliances. Two round -yaiinted 
hrHikinf*, L, one long and one short, are required for 
making o|>enings, either in the thick osier or 
lietwecn the woven work. An awl, G, is sometimes 
added. Resembling closely a broad, strong file, 
with n round head for hlmdle, the iron, .T, is 
useful for driving the w'ork close, or for sending 
liomc tightly-fitting stakes. 

The fitness of the names the basket-maker has 
sppliod to liis tools comes out vividly in the wm- 
mander or dog, M. It is a strong iron rod with 
two teeth at the one end and a ring at the other. 



TOOLS USED BY BASKET-MAKERS 
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This tool is used for straightening crooked sticks, 
and other similar purixises. 

Closely resembling a horizontal vice, the ecrew 
block fSj is used for holding the sticks of the covers 
and bottoms of square baskets. The ends of the 
sticks, after being alipfd, are inserted iKttween the 
blocks, and the screws fix tlu*m firmly in position 
for the worker to weave the rods over them. Tliese 
tools arc made of beechwood, 2 in. square, and 
from 24 in, to 116 in. long. 
The threaded bolts of irofi 
are fitted with screws for 
working with the finger and 
thumb, or the bodkin. 

The basket-maker has his 
ow'ii yard stick, generally a 
w and, marked in inches. In 
the wwkshop, wc find the 
plank, the work hoard, and 
other ni>plianeeH of general 
use, varying in kind with tlu‘ 
styles of W'ork carried on. 

Definitions of 
“ StroKes.’* Handing 
the weaving of a single rod 
in and out on the sticks 
which form what might be 
called the warp of the basket. 
Working a piir is the W'cnving 
of two rods alternately over 
one another. Slewing is work- 
ing with two or more rods 
at the same time. The oppvi- 
site of the i>air is the fitch, in 
wdiieh tw'o rods arc worked 
under each other. The most 
complex of the common 
strokes is the iralc, three or 
more rods l>eing w'ovcn over 
and under each other in 
regular seijiioiKie. There are 
other kinds of basket -weaving, which are shown in 
the descriptions of the various methods of bordering. 

Making a Round Basket. The shortest 
and simplest w'ay of initialing the beginner into the 
various strokes is to bring l)efore him a round 
basket in which they an* exemplified. Of course, 
the apprentice in a "basket -making shop is not s(» 
ipiickly given the knowledge of the rudiments of 
liis trade. He has first to find his way about, 
doing odd jobs of sorting, and making him.self 
generally useful : then he is given small parts to do, 
under the snjierinteudeneeof the journeyman whom 
he is helping. Surrounded bv^ extiert workmen, 
examples of dexterity a hvays 
h coming before his eyes, the 

I apprentice can affords to 

■pj bide his time. 

Supjx)S(», then, we have 
undertaken to make a 
strong, large basket of 
round sha})e, such as 4 , 
"Journal 


m. Ooniinander or ]><>^ 



3. SCREW BLOCK 


w hich is reproduced by jaa’inission from the ** t 
of the Society of Arts,” January 11. 1907. 

The Bottom. The first part to he made is the 
bottom. Cut the butts from, say, six rods, of nearly 
eipial thickness, and the same length, but rather 
longer than the diameter required. ( Voss three over 
thrw at right angles, slicing a little at the centre 
where they cross, to let them lie neatly. Prepare two 
rods, called doth rods, and sharpen the ends. The 
crossed sticks are on the plank, and, pressing them 
down with the foot, you tnrust the sharp ena of the 
first slaih rod in at the crossing, bond it round the 
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three ends pointing away up over the sticks to the 
right, down round the sticks directed towards you, 
and up on those to the left. At the same time we are 
working the other slathrod in an opposite direction, 
crossing them over one another, binding the whole 
in one, and forming what is called the doth. 

The same method is pursued in making the body 
of the bottom, with a dillerence. The slath rods have 
been worked as a pair — that is, two worked alter- 
nately over one another — but the bottom sticks have 
been treated as four units of three. But as soon as 
the slath has been firmly tied, we begin to open out 
the sticks, passing the weaving pair in between 
each, widening them out further and further, so as 
to form them into radii of a circle the size of the 
bottom of the proposed basket. When the size is 
reached, the surplusage of bottom sticks is cut off. 

Upsetting. We have now to see about making 
the sides of the basket. 

First select an odd niimbar 
of rods, or stakes, say 23, if 
the sides are to bt; drived ; 
an even niimlier, say 24, if 
they are to be rntided or 
f itched. With the shop knife 
make long points on the 
stakes by cutting into the 
ba(^k8, and insert by the 
sides of the bottom sticks. 

Having driven the sticks 
well in, prick each one up 
with the })oint of the knife. 

The upper ends of the 
stakes will be flying loose, 
and to kc?cp them in posi- 
tion a hoop about the size 
of the head of the basket 
designed should be made 
and ]nit round the upright 
stakes, holding them up in 
them 



4 . THE TARTS OF A BASKET 


|)osition. Now drive 
m evenly all round with 
the iron. 

The npwl we now }iro- 
}K)8e making is dom; by 
the stroke named the wale. 

This gives a good basis to 
the basket. Selecting three 
rods as nearly alike as pos- 
sible, we weave them altta*- 
nately one over the other, 
and in their intertwining 
enclose the stakes. If the 
basket is to be footrd, begin 
with the tops and piece in 

three other rods when the butts are worked out. If 
not footed, begin with the butts, which are sliped and 
inserted in sequence alongside three following stake.s. 

Filling. The upset made firm, we may fill up 
the sides with any or all of the strokes we have 
mentioned. Suppose it is an ojien skeleton-sided 
basket that we have to make. In lliis case we u.se the 
fitch, and bye-stakes are inserted in the upset be- 
tween the pairs of stakes. This stroke comes as near 
to simple twining as it is jwssible to imagine. We 
begin with two rods ; for short lengtlis, a single 
rod is doubled and twined. On the round basket, 
however, it is better to use two. Rod No. 1 begins 
behind stake No. 1, and comes round in front of 
stake No. 2 ; rod No, 2 begins behind stake No. 2 
and twines with rod No. 1 as it comes round to pass 
in front. The one is always mssing under the other, 
not above, as in the pair. Two or mor||^tches are 
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required, according to the depth of the basket, which 
may be strengthened by a wale above each. 

Now we want a strong binding course for the top 
of our basket, and resort is again made to the 
wale. If working with three rods, weave them 
over two stakes and behind one alternately, while 
making each follow and weave over the other 
in regular succession. The stakes are then laid down 
and woven behind and in front of each other to 
form a border. 

Randing and Slewing. Rnnding is at once 
the simplest and most effective weaving. Like 
plain w^eaving of cloth, it is the foundation of all 
other styles. From this it will be inferred that the 
stroke is simply one rod over and under one stake 
alternately. Select a rod, put the butt behind a 
stake, the length of the rod extending to the right, 
and with a jerk of the finger and thumb draw it in 
front of the next stake ; 
then jerk it back behind the 
next stake. In this simple 
style weave as much of the 
side as is necessary. 

The (piick filler is the dew. 
With this stroke, an expert 
worker could fill up the 
sides of a basket in a very 
short time. The best way 
for a learner is to start with 
one rod and gather up to 
three in the following way : 
Put one rod in and carry 
it round a stake or two; put 
in another to run alongside ; 
add the third ; then carry 
the slewing right round, 

always adding on a rod as 
one comes to an end. This 
is the method used in the 
construction of the coarser 
kinds of basket-work, such 
as packing. 

The stakes are longer than 
the sides require by a good 
deal. With the picking- 

knife prick each stake on the 
right side, and bend over 
from left to right, so as to 
come close ov(t the last 
round of weaving Pass each 
successive stake under the 
bend of the one l)cfore it, 
and then carry forward over 
a pro|K)rtion of stakes, accord- 
ing to the number available 
and the thickness of the border desired. In 

passing along the stakes add to the thickness of 

the oubfide breadth ; when brought round to the 
inside again, they add to the breadth of the inside. 
Thus the stakes are twined into an equal border. 
The j)rotruding ends are cut off by the picking knife. 

The foot, when needed, is worked in similar 
fashion. The tops cut from the stakes, after the 
border has been formed, are inserted beside the 
upsettod stakes. Having been thus fixed, two rounds 
of waling arc added and the foot rods are laid down 
and worked into an ordinary border. 

The lid is generally made like the bottom. Many 
and complicated methods of handling are practised. 
The simpler form is to top a rod and sharpen the 
butt, which is inserted alongside a stake. The rod is 
then twisted, looped under the border and roped over 
itself three times, resembling a three-stranded rope. 


Bottom stKh 

Foot 

— Endi tjf Stahes 
Pair 


— Foot 
Boltom-siKh 


Stakn 
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according to the weight of india-rubber. The hire 
charge is from ISs. a week, but the bed should not 
be let out for infectious cases, and in any case must 
be well washed with carbolic Roaj> when it is 
returned. Air-pillows, circular,' cost about 7s. for 
a 15 in. size, and 9s. for 18 in. ; the reeded pattern, 
16 in. by 12 in., Gs. each. Air-beds are often pre- 
ferred to water-beds or account of their lower 
co.^t, an air-bed 24 in. by 72 in. costing about 
60s. Ice-bags and ice-caps are in demand, a circular 
ice-bag 0 in. in diameter soiling for Is. 3d., 12 in. 
3s., and costing 9s. and 208. ]>er dozen resj>ec lively. 
Waterproof sheeting is either single or double, and is 
36 in., GO in., and 72 in. wide. Single sheeting costs 
Is. 3d., 2s. 3d., and 2s.9d. a yard, and sells at 28., 3s.. 
and 4 h. a yard. India-rubber urinals for men and 
women sell at 12s. to IGs. each, but being not much 
in demand seldom pay to keep in stock, finema 
syringes, douche-cans, injection -bottles, spray- 
producers, breast-exhauHters, nipple-shields, and 
tinger-stalls fall into the class of druggists' sundries 
usually tissociated with the business of a chemist 
and druggist. 

Clastic Hosiery. Varicose veins in the 
legs were formerly always treated by bandaging. 
Now some form^of elastic liosiery is nearly always 
employed. Not only for varicose veins are elastic 
goods used, but they jire used as siipporta for the 
ankle after sprains, and for weakness of the knees. 
Athletes require them for the arms or legs weakened 
by excessive strain in football, cricket, shooting, 
or lawn-tennis. The material from which elastic 
hosiery is woven by machinery consists of india- 
rubber threads alternated with threads of cotton, 
silk, or wool, and the articles are made white, pink, or 
blue tinted, and sometimes red, drab, or black. 
The various articles arc made to draw on or, less 
frequently, to lace. The former 
are more convenient, besides l)eing 
chea|)er. For warmth in cases 
of rlieumatism, elastic hosiery is 
made with a fleece or pile of 
wool on the inner surface, this 
especially applying to knee-caps. 
'Phe following table gives the 
kinds of elastic hosiery in com- 
mon use, tells how to measure the 
])atieut, and the cost and retail 
price of each article. The measure 
is taken on the naked limb on ris- 
ing in the moniing, and an allow- 
ance of one in eight is made for 
pressure by the sto<'kiiig maker ; the patient must 
give the exact measure. The prices are approximate 

as the cost varies considerably with different makers, 
and it is as well to remember that cheap elastic 
hosiery is not always cbea}) in the long run. The 
makers keep some eight or nine stock sizes, num- 
bered 1 to 8 according to the length, a No. 5 
stocking being 16 in. long; while the circumference 


of stock sizes is indicated by letters, a C stocking 
being about 10| in. Dealers will find the plaster legs 
sold by wholesale druggists' sundriesmen at about 
5s. very useful for displaying elastic hosiery. The 
measurements required for wristlets and elbow sup- 
ports will be judged from what is required for hosiery. 

Selts and Hraces. Belts arc used as sup- 
ports for the abdomen. The measure m\i8t be taken 
with great care as the l>elt should fit like a glove. 
The best guide is a calico pattern fitted to the 
body. The fronts are made flat or round, and it 
is necessary to give the circumference at three 
])laceR, and the depth both at the back and front. 
Ladies’ abdominal l)elt8 sell at 7s. Gd. to 2 Is. Belts 
of various kinds are made for gentlemen. The 
knitted variety is known as a cholera Ixflt ; while 
money belts are often asked for by those going 
abroad. Chest-expanding braces are needed for 
w'omen and children ; they cost from 4s. to 10s. each. 

Trusaea. There are four kinds of rupture 
or hernia for which trusses are required: (1) 
inguinal, (2) scrotal, (3) femoral, and (4) um- 
bilical. The most common ruy)ture is inguinal 
(in the groin), and it may be either on the riglit 
or left side or both sides, requiring single or double 
trusses, as the case may be. The common kind 
of truss consists of a steel spring for encircling the 
body and a pad for yucssing on the ru])ture, the 
whole being covered with basil and moleskin. 
The ordinary sizes are 30 in. to 40 in., 3G in. being 
the size mostly required. These trusses cost from 
IGs. to 30s. a dozen single, and SOs. to SOs. a dozen 
double, and sell at from 28. Gd. each. Other kinds 
are the Moc-main, S. and 0., and Coles pattern. 
The Moc-main have no 8y)rings and are suited for 
patients who do not have heavy labour to y)erform. 
Ibis jmttern truss costs 8s. single, and IGs. 
double, and sells at 12s. Gd. and 21s. In 
measuring for a truss, a tayw measure is used. 
It is y>as8od round the biy)S, and the number of 
inches indicated is the size of tru.88 required. 
The truss is y)ut on while the y)atient is laying 
down. For bathing, trusses are covered with india- 
rubber, and the pads of the ordinary trusses are 
made of various materials, such as wood, ivory, or 
celluloid, and in some cases the pad is filled with 
glycerin. The scrotal truss has a triangular pad 
which goes between the legs. The sizes run the 
same as the inguinal trusses, but they are more 
exy)en8ive, single trusses costing from 4s. each 
and double trusses 78. each, selling at from 78. Gd. 
each. Femoral trusses for rupture situated in the 
thigh differ from the inguinal truss in the size 
and form of the i)ad and the direction of the 
thrust. There are two general forms of femoral 
truss, known os circular and half-sj)ring. The 
circular form costs from 2s. Gd. each single, and 
48. each double, and sell at 5 r. and 88. each ; 
while the half- Bpring pattern costs Gs. and 12s. 
each, the retail price being 8s, and 17s. Gd. each. 



Descriptiun. 

Measures required. 

Cost per pair. 

Sell at per pair. | 

Circuiiifereiice at 

Length at 

Silk. 

Cotton. 

Silk. 

Cotton. 

StockinR . . . . 
Legging . . . . 

Sock or Anklet 
Knee-oap 

Knee stocking 
Knee-legging . . 
Thigh piece . . 
Thigh legging. . 
Thigh stocking 

Thigh knee-cap 

D, E, F, O, H, J 

D, K. F 

F. (J, H. J 
% C,D 

B, 0, 1>, E, F, O.H 
B, C, 1), E, F 

A to B 

A, B, C. IX K F 

A, B, CM>, E, O, 
K, J 

A, B. C, D 

Oto K, J toL 
OtoCi 

F to K, J tq L 

B to C, C to I) 
BtoD, OtoK, JtoL 
B to D, O to Q 

M to N 

M to N, B to 0, O to P 
M^,NtoO,OtoK, 
" JtoL 

AtoB, BtoC, Cto3> 

8/6 to 9/6 
6/6 to 7/6 

4/- to 6/- 
6/6 to 6/6 
18/6 to 16/6 
12/6 to 14/. 

6/- to T/6 
15/6 to 21/- 
20/- to 28/6 

11/. to 18/6 

4/9 tf> 6/- 
3/9 to 4/6 

8/- to 4/- 
8/8 to 4/- 
8/6 to 10/6 
7/- to 9/- 
8/6 to 4/6 
10/. to 13/- 
12/6 to 14/6 

6/6 to 8/6 

10/6 to 12/. 
8/6 to 9/6 
6/6 to 7/6 
7/6 to 8/6 
18/- to 21/- 
16/- to 18/- 
8/- to 9/- 
20/- to 23/- 
25/. to 80/. 

16/- to 18/. 

6/6 to 7/6 
6/6 to 6/- 
4/- to 6/- 
4/6 to 6/- 
10/6 to 12/6 
9/6 to 12/- 
6/6 to 6/- 
12/6 to 14/6 
16/- to 18/. 

9/. to 10/6 
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Umbilical rupture occiu‘8 in both young childi’en 
and old persons. Trusses arc made for this form 
of rupture, but the india>rubber or web belts are 
much better, an air-pad being arranged to jiresH 
the navel back into its place. The sizes for children 
are 12 in. to 20 in., costing Is. Od. to 28. eacli, and 
retailing at 28. 6d. to 38. Another kind of truss — - 
the rectal truss — is needed occasionally for pro- 
lapsus ani, such an instrument selling at one-and-a- 
half guineas, and costing about 20s. 

Artificial Limbs and Orthopaedic 
Appliances. The measurement for artificial 
limbs is a matter of comparison with the size of the 
ciorresponding limb. Needless to say, the nimost 
care has to be taken with tlie measurements. 
x\n artificial leg for amputation nlK)vc the knee 
sells at £10 to £15; an artificial arm and hand 
at about £15. Artificial hands cost from 20s. to 
7()h. each. Crutches cost from 3fiH. a doz. pairs, 
})ettcr kinds costing 4s. fid. to 40s. a pair. Leg- 
irons for deformed legs sell at four to six guinens, 
Poroplastic jackets for spinal 8upf)ort cost from 
18s. cjich, the more elaborate Sayre’s np]>aratus 
<30sting £5 to £fi. 

Deafneas Appliances. I>ea£ ix^oplc re- 
quire ear-trum}>cts and conversation lubes. Ear- 
trmni)etH in bronzed tin sell at 4s. fid. to fis., the 
telescoiw form fr(jm 7s. fid. to 12 h. Ear-cornets 
or resonators are a smaller form ; they arc made 
in'll or egg-shaped. Vulcanite trumy>ctH sell nt 
5s. to 7s. fid. Conversation tubes 3 ft. long cost 
2s. fid., and sell at 4s. ; but more expensive ones 
are sold which have ebony mounts and silk-covered 
tulxjs. Acoustio fans and audiphones are refine- 
ments of hearing apparatus, and sell nt from two 
to three guineas. 

SWEET-SELLERS 

There is no retail establishment more universally 
popular than tlio sweet-shop. Old and young— 
particularly the young — rich and poor, have the 
“ sweet tooth.” It is not sur]>ri8ing, therefore, 
that shops for the ven<Iiiig of sweetstuflfs abound 
in every district ; and the status of the neighbour- 
Iiood may often Im^ gauged by the aj)})eararu?e of 
these establishments, and the kind and quality of 
goods sold therein. 1 1 is an enticing trade for people 
with small capital, for little or no experience is 
re(|uirod in learning the business. It is a trade 
in whicli, given normal conditions, the cleanly. 
<-areful. ]>olite and attentive person is bound to 
Kiieci't'd, H\it it must not be entered liajdiazard. 
for there is keen com]ietition in this, as in all other 
trading concerns nowadays. The grocer, the chemist, 
the restaurant and the stores all vend swetsts of 
various kinds, and each may Ik? reckoned as a 
competitor, in some measure nt least, to the legiti- 
mate sweet-seller. But for a man in delicate health, 
for a woman who has been “ stranded ” and does not 
quite know where to turn in order to gain a liveli- 
hood, for a widow, or even for a married woman, 
who essays to sn]iplement her husband's precarious 
earnings, the selling of sweets offers a comparatively 
ejisy outlet for business energy and enterprise. 

Gaining the Necessary Knowledge. 
The practical confectioner needs no teaching, so 
that in this article we shall deal only witli the 
swi?et-selling novice. It is advisable that, before 
starling, the beginner — who more often than not 
is a w^oman — should get a little practical expe- 
rienee in the treatment of sweats. This may best 
lie obtained in the wholesale depfit of some large 
manufacturer of good reputation. Such manufac- 
turers are only too willing to give a novice, who is 
also a potential customer, 9ie l)enefit of their 


exiicrience. A week or so in such a depot w'iU serve 
to initiate the intelligent puiiil into the mysteries 
of the storage and manipulation of sweets. She 
will learn very quickly what kinds of goods deterio- 
rate most quickly, how to prevent deterioration, and 
what to cio when the goods show symptoms of 
becoming stale. It will be impressed upon her that 
sweets that may have “ caught the sun ” or 
have become damp should he made into a “ mix- 
ture ” with other and fresher goods, and sold as 
quickly as possible at slightly lower prices. Above all 
things it should be remembered that some 
showing signs of age should Ijo cleared out at once 
even at a sacrifice of profit ; although the best 
class of chocolates, on the other hand, mature with 
keeping. Careful storage, cleanliness, politeness, 
and fresh sweets make a combination that tlu' 
public w^ill find irresistible. 

The Money and the Shop. H the beginner 
has about £50 capital she may make a very credit- 
able start. Of eourse, this is a- small amount, and 
the l)eginning would be humble. A good rniddh'- 
class neighbourhood, and a small shop with 
living-rooms attached, W’ould 1 h? selected by the 
young wife or s}>in8tcr with ambition, taste, and 
the caj^itiil named. The rent in a middle-class 
suburb would not be great, provided the main 
.street be not selected for the seono of operations. 
The fittings recjuired for the shop may be ([uite 
modest, and need cost next to nothing. A handy 
husband or male friend could fit up and stain a 
few shelves around the shop and iu the window. A 
counter, a X)air of scales, wa^ights, a scoop, and a 
gross or two of pa}H'r bags of ditferent sizes wouUl 
not cost more than a few jx)unds. Neatness, bright- 
ness, and, above all, cU'an linens, arc ess4>ntial, but 
the clever woman would find it little trouble to 
adorn the shelves wuth fancy ))aper or other drapery, 
and so make the place* attractive. If feasible, a few’ 
glass shelves raised on blocks for the window’ 
may be* e>btained at n small eiost, as w’f'll 
as a derzen sho>v.be)ttle‘s of diife'remt sizes, costing 
an average e)f Is. each. Ki*eH*ptacles for the gooeh 
are not really necessary, for the manufacturers 
send out their prenluetions in gooel bed lies ami 
other containers, with attractive labels. Thesi- 
bottles are chargee! fen* wdien sent out, hut the charge 
is credited when the* bottles arc returned empty. 
Se)mr manufacturers ove'ii supply ornamental 
etases and dainty sliow-hedtli's free on loan te: 
advertise their ware's. 

Arrangement, Methods and Display. 

On no conside'rntiem need there be a large o|>oning 
stexjk. Attraction is the great thing, and taste in 
window display is the most trustworthy magnet. 
Small epiantities anei much variety should be the 
rule, for in nothing is the? public taste so peculiar 
and varied as in sweets. Tlierc'fore, give the? public 
variety, nnel never let the* window^ Ik; too great a 
trouble. l^et the stock be carefully watched and 
arrange*el so that the old is got rid of before the new 
is begun upon. If in a busy thoroughfare, near a 
railway steition, theatre, or jjlace of amusement, 
it is essential that packets of sweets be always 
kept ready to Ik; picked up, for tra vellers and amuse- 
ment seekers have not usually much time to waste 
in fastidious selection. But the chance customer, 
ill tlie majority of cases, does not make the business. 
In the environment that we have indicated for 
our beginner, a family trade should be aimed at. 
Although apparently a transient business, the sound 
sweetstuff trade is really not so. It is kept up by 
regular customers, just as other businesses are, 
so that the influence of a pleasant and attractive 
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jTcrsonality, a bright shop, a fresh and tempting 
display, and genuine — not cheap — goods cannot 
be sufficiently emphasised. An endeavour should 
1)6 made by issuing leaflets, displaying special lines, 
and so forth, to secure a reptiiation for selling better 
caramels, or chocolates, or fondants, or what not, 
at the same price as competitors. This rcpui^xtion 
once cstixblished, people will go a long way to get 
your particular s]icciality, and they should be made 
to feel that you are glad to see them. Daintiness — 
that peculiar attribute of womankind — is even more 
essential than painful neatness and rigid cleanliness. 
It is not always necessary to show full packets 
of sweets, for many manufacturers supjily good 
customers with dummies, and there are plenty of 
artistic showcards to be obtained free of cliarge 
from manufacturers to enliven any spare wall apace 
there may be. Only stock reliable goods, and sell 
at a fair profit ; the “ cheap and nasty trade is not 
worth the candle. 

The Flrat Stock. An exy>endit»ire of about 
£20 would make quite a nice opening dis}>lay. 
The aspiring swcicl-selltT would go, or send, to the 
showrooms of some reputable manufacturers of 
general confectionery (like Clarke, Nicholls & 
(Coombs, Ltd., of London, for instance), and select 
ns judiciously ns possible a varied stock somewhat 
on the following lines. In chocolates, order four 2 lb. , 
boxes to sell nt Id. an oz. (cost about 9d. per lb.), 
two boxes to retail at lAd. an oz. (Is. jier if), cost), 
and two boxes at 2d. nn oz. (Is. ftd. wholesale). 
Fancy boxes and baskets should l)e bought very 
sparingly at first until the requhements of the 
neighbourliood are known, and cure should be 
exercised in the purchase of these to make sure 
that the “ turnout ” can be sold without loss — 
that is to say, that a “ j lb. box ” actually conbiins 
J lb. of chocolates, and so on. Then select a few of 
the smallcst-sizod boxes of popular lines of goods 
to retail at Od., 3d., Id., and ^d. per packet. The 
cost of such goods is usually 4s. (id. per gross for 
halfjxenny goods, 8s. Gd. ]x*r gross for penny articles, 
2s. 3d. per dozen for tliree|>enny goods, and 4s. Gd. 
|>er dozen for sixpenny packets. Marzipan selections 
would be purchased in 2-lb. or 4-lb. boxes in qualities 
to retail at Id., 1 Jd.. and 2d. per oz. Then mixtures 
])acked in rows, and loose, oilier than marzipans will 
he needed to retail at from 2 oz. for 1 Jd. to l^d.})eroz. 
At prices under 2 oz. for IJd. there are other lines 
such as gums, fruit pastilles, glace and crystallised, 
to be thought of. Then there are popular lines of 
goods ineluding coco-nut specialities, fondants, 
dragees and gums to sell at 2 oz. for Id. For about 21s. 

J cwt. assorted would be secured in bulk. Caramels 
arc i>erhaps the most popular sweets of all. They 
may be ordered in Id., 2d., 3d., Gd., or Is. packets 
or loose in 2-lb, or 4-lb, boxes. At least two 2-lb. 
boxes of approved brands (costing about fid. per lb.) 
should be secured. After that J cwt. of boiled 
drops, toffees, satinettes, faurr<[*s, etc, should 
be ordered in 2-lb. bottles. These retail 
from 2 02 . for Id, to Id. per oz. Cachous might be 
obtained in 4-lb. or 1-lb. bottles, but great care 
should be taken with these. They must be kept 
dry and in airtight containers, to prevent deteriora- 
tion, as they are not quick sellers. The retail prices 
range from 2 oz. for Id. to 28. Gd. per lb. ; the best 
qualities retail readily at from 40. to Od. i)er oz. 
Lastly, a few 4-lb. boxes of lozenges — peppermint, 
musk, heliotrope, etc. — ^the {>roduct8 of different 
makers, would be necessary to complete the stock. 
It is invariably safe to buy Cadbury’s and Fry’s 
chocolates, Kowntreo’s chocolates and gumA Mac- 
kintosh’s toffee, Clarnico marzipan seRctioi^s, 
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caramels and fondants, ** My Queen,” chocolate 
nougat and penny marzipans, Peter’s and Cailler’s 
Swiss chocolates, and “ Devona.” These makers 
have obtained a reputation for the particular kinds 
of goods named, and there is a public demand 
for them all over the country. 

Making Sweets. In these days of large 
manufacturers, with up-to-date machinery, it would 
Ix) ridiculous for the untrained sweet- seller to 
attempt to make her own goods. If care be taken 
to deal only with reputable houses, and in approved 
brands, it will be found much the more profitable 
and satisfactory method to buy everything from the 
wholesaler. But some extra-ambitious beginner 
may have an idea that manufacturing one or two 
special lines in a small way brings extra credit to 
the venture. Experience has certtiinly shown that 
in some instances kudos is gained by a sweet-seller 
making a particular toffee or cream of his or her 
own ; but the particular sweetmeat must have 
some distinction to make it worth the trouble from 
a jKicimiary point of view. If, however, manufac- 
turing is decided upon, a small outfit, costing in all 
about £5, would include a stove- top, a copper 
saucepan (to boil 10 lb. or 12 lb. of sugar at a 
time, a tin frame to pour the toffee into (say, 15 in. 
long by 10 in. wide and 1 in. deep), a smooth cast- 
iron pouring plate (3 ft. by 1 ft. 8 in.), for rocks, 
drops, and hand-cut goods, a pair of scissors and a 
thermometer. The plate would be fixed on a small 
table or rough bench, about 2J ft. high, and IhtTe 
might also be a 3.J in. strong frame and two i>airs 
of rollers to fit. 

Sugar Boiling. The process of sugar boiling at 
different degrees has first to be learned. There are six 
degrees in sugar boiling, known as the “ smooth” (ap- 
proximately 215® F. by tliermometer), the ” thread ” 
(230® F.), the “blow” or “feather” (235®F.), the “ball” 
(240° F.), the “ crack ” (252® F.), and the “ caramel ” 
(2G0® F.). The “ smooth ” is tested practically by 
boiling, for instance, 7 lb. of loaf sugar in 3 pints 
of water for about 10 minutes after the sugar is 
all dissolved. Then, if the handle of a teaspoon bo 
dipped, and the boiled sugar drawn between tlie 
forefinger and the thumb, and on working it feels 
slippery, the first or “ smooth ” degree has been 
attained. A little longer boiling, and the same 
test repeated until a thread-like appearance is 
noted, indicates the second degree. Continued 
boiling and consequent evaporation gives the 
“ blow ” or “ feather ” stage, which is tested by 
dipping a skimmer or slice with holes in it into the 
boil, draining off, and blowing hard through them, 
until feathery particles pass away. The “ ball ” 
stage is only a little in advance ot the last, and is 
known by dipping the boiled sugar on the spoon in 
cold water and then working with the forefinger 
and thumb as before. If it is tough, and works like 
a ball of hot bread, it is at the right stage. When 
the “ crack ” degree is retichod, and the same test 
as for “ ball ” is applied, it will crack. Or if slipped 
off quickly from the spoon and bitten, the sugar 
crunches and leaves the teeth without sticking to 
them. This is, ^rhaps, the most useful degree in 
sugar boiling. For the caramel stage, the boiling 
is continued, and the sugar is watehod carefully 
until it changes colour. The novic>e will spoil many 
hatches at first, for only privctico makes perfect. The 
foregoing is merely for tne guidance of any beginner 
desiring to experiment, for the business of sugar 
boiling cannot be taught by books. Moreover, as 
stated before, it would scarcely be worth the sweet- 
seller’s while. But having gone so far, it might be well 
to explain how one or two confections arc made. 
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Toffee and Creams* Everton toffee, for 
instance, varies with different makers ; but one of 
the best methods of making it on a small scale is 
by boiling 7 lb. of best raw sugar in 3i pints of 
water until 245° F. is reached on the thermometer — 
that is, a stage between the “ ball” and the “ crack.” 
Then add to the boil 1 lb. of fresh butter, boil the 
whole nearly to the ” crack ” over a slow fire, add 
one toaspoonful of essence of lemon, and pour into 
the frame. For special purposes, 4 oz. to 8 oz. 
more butter may l)e used. Any variety of the soft, 
rich candies, popularly known as ” creams,” can 
1)6 made hy boiling together 7 lb. refined sugar, 
J oz. cream of tartar, and 3 pints of water, to 
“thread” degree; then take it from the heat and 
set aside for half an hour. At the end of that 
timo work the syrup with a spatula, or a palette 
knife, against the sides of the pan until it changes 
into a thick, erenmy-looking substance. When that 
condition is obtained, mix into it any kind of fruit 
essence, or fruit preserves, almonds, marmalades, 
etc., according to the particular variety of “ cream " 
desired. Lastly, put into tin frames or sha|>es 
(previously well smeared with salad oil) to set ; eut, 
and turn out wiien cold. The object of the cream 
of tartar is to “ cut the grain,” or prevent re- 
crystallisation of the sugar. For in the ])rocess of 
sugar boiling the sugar exhibits a strong iendency 
to orystalIist‘ back into its original form, and it will 
do so when boiled beyond feather ” unless tlu* 
])roces8 is retarded by an acid which prevents the 
particles being held together by what is know'ii as 
the “ attraction of cohesion.” Tlie safest and most 
tnistw'orthy preventive of this is cream of tartar, in 
the proportion of not less than 1 oz. to 7 lb. of sugar. 

Expansion* Assuming the business is 
growing, and returning a profit, there are many ways 
in which enterprise may be shown. The tittings 
may l)e gradually added to, and show-cases and 
sw'cet-stands bought to increase the embellishments 
of the shop. In this connection, some useful infor- 
mation may be obtained hy consulting the articles 
on Bakers and Confectioners, beginning on page 
1*30 of this section. The stock, of course, would 
gradually be increased in certain lines as the needs 
of the neighlKiurhood are known, but a constant 
endeavour at a high standard of taste should be 
made. Tliore is fashion in confectionery ns in all 
(dse. During recent years, chcK’-olates and (inramcls 
of all kinds and shapes have been the rage. Then, 
the business is affected by the seasons of the year. 
In spring and summer acid drops and sweets 
flavoured with the natural juices of fruits arc in 
demand. In the late autumn and winter, nut 
sweets are asked for, while warming confections, 
such as those flavoured with ginger or cloves are the 
thing for cold weather. At Christmas; bon-bons, 
crackers, Santa Claus stotikings, tiny Christmas 
ham|)era of chocolates, sugar animals, and so forth, 
are expected. Easter is a good time for all kinds of 
white Sweet'S, such as white sugar almonds, white 
creams, etc., not to mention Easter eggs, which 
then form nine- tenths of the trade. Aerated 
waters and ice-cream are approx>riate side lines for 
the sweet-seller, provided there is room for cus- 
tomers to sit down and consume these things. 
Aerated waters show a good profit, and should bo 
kept in syphons as well as in bottles. 

Ice>iCream* The ice-cream business, if it can 
be properly worked, is a very lucrative side line. 
All that is needed is a freezing machine, made of 
pewter (which would cost not more than 30s.), a 
strong wooden tub (large enough to hold the freezer 


and to admit of the packing of the freezing materials 
between the sides of the tub and the freezer), and a 
pewter spatula, or scoox>, with a long wooden handle. 
The mixture to be frozen is i>oiired into the freezer, 
which is placed in the tub, and the space between 
filled with broken pieces of ice, and from 2 lb. to 
3 lb. of coarse salt. The handle is then turned unt il 
the spatula stands upright in the mixture, care being 
taken during the freezing process to dislodge the 
“ custard ” as it thickens from the sides of the 
freezer with the spatula, so that it may be intimately 
mixed. The ice-cream “ custard ” is usually made 
by whisking fomr fresh eggs, putting them, vith a 
quart of new milk, J lb, of loaf sugar, and 1 oz. of 
fresli butter, into a pan, wliisking the whole together 
and heating over a slow fire, stirring all the while, 
until the mixture comes to a boil, when it begins 
to get thick. Then lift off, strain through a fine 
horse-hair sieve, or muslin, let it stand till cold, 
freeze, flavouring with vanilla, and tinging the 
mixture slightly with saffron to give a “ rich ” 
api^earance. There are many variants of this 
recijie. and different flavourings and colourings 
may be employed, such fis rasx)berry, strawberry, 
and lemon. Excellent ico-crosms are sold ready- 
nuuie to hotels and shops in small freezers holding 
abont a quart ; but care should l)o taken in such cases 
to deal only with firms of good repute. It may be 
that the buHinesa increases to such an extent that 
a pedestal fountain, for the ready production of 
aerated water, and even the elaborate soda 
fountain now in vogue, and so popular in America, 
arc looked upon as necessities to supply the wants 
of the neighbourhood, but tliat stage of progress 
would not bo reached for some years. 

Turnover and Profit. A confectioner 
must hav<' a good x>rorit, for a variety of reasons. 
First of all, the boms of business are long, therefore 
lighting bills arc large and attendance is protracted. 
Moreover, the goods are x^erishablo, and at least 
10 ])rr cent, must be allowed all over for deteriora- 
tion. This is a problem that should bo faced boldly 
from the start, for nothing is more fatal to a business 
than a re}>ut4ition for selling stale goods. There- 
fore, one must be prepared for a 10 per cent, 
saerifieo on the general turnover. The stoc-k 
should be turned over at least once a month. 
The rate of profit on packet goods ranges from 
25 to 33 per cent., but on some goods 50 to 
75 pt'r cent, on the turnover is no uncommon 
f.hiiig. TJ)ere is naturally a mreater iiroportional 
profit on the higher-i)riced goocls, but they have not 
such a quick turnover. At first, manufacturers or 
wholesalers would have to bo paid cash, but as the 
business becomes established, a month’s credit 
would be given. The usual trade terms are one 
month net, but some munufacturers give IJ Iht 
cent, discount a month or oven considerably moie 
to good cnstoiKors. Whether a discount is given 
or not the net charge varies but very little, if at all, 
among the best firms. Manufacturers are always, 
of course, willing to aid deserving traders either hy 
longer discounts, or by sx^eoial prices on Hi>ecial 

S uantities, whenever circumstances warrant such 
epartures from the usual ])ractice. The retail trade 
is essentially for cash, and this enables the slio])- 
keeper to see how things are going day by day, and to 
expand or to retrench, as occasion arises. There need 
be no fear of failure if the trader keep a sharp eye 
on the condition and requirements of the stock, if 
she own a dainty and attractive establishment, and 
if she avoid the brusque and hnuffhty manner, or the 
careless and slovenly style in dealing with the public. 
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plasterer’s tools 

1. Square stand 2. Plasterers’ brushes 3. Tool brush 4. Compasses 5. Calipers 6. Drags 7. Darby 8. Gauge rule 
9. Floating rule 10. Feather-edge rule 11. Concrete float 12. Levelling rule 13. Plumb rule 14. Hand float 

15. Cross grain float 16. i lasterer’s hammer 17. Hawk. 18. Joint rule 19. Mitring tools 20, Larry or drag 

21. Scratch tools 22. Scratch 23. Square 24. La>i> ‘if trowel 26. Panel trowel 26, Margin trowel. 


tiio central barrel filed to octagonal form. This is 
Hometiinos bound with waxed thread. They are 
used in shop work for cleaning np jilas ter -work. 

Planes similar to a carpenter’s plane are used for 
levelling and smoothing plus ter. surf a cies. The blades 
are toothed. 

The scratch [22] may be cut out of a J-iii. i)inc 
board, and is about 14 in. long and 7 in. broad. One 
end is shajied, the other cut into teeth about 3 in. 
long, and the j)oints 1} in. apart. An effective 
scratch may be formed with four laths fixed side 
by side, and pointed, and is used for scoring floated 
surfaces to provide a key for the next coat. 

Sieves^ or riddles, of various sizes and degrees of 
fineness, are made and are u.sed for running lime 
and washing sand. 

Sqtiares, of tvood or iron [28], are triangles having 
one angle a right angle, the other two angles generally 
being 45*^. 

Trowels* £tc. Trowels are also required of 
various sha})eB and sizes for different classes of work. 
The laying trowel [24] is a rectangular sheet of flexible 
steel, about lOJ in. by 5 in., with a handle riveted to 
it, sometimes with a single, sometimes with a double 
fihank. The panel trowel is similar, but the blade 
is very springy, and about 5 in. by 3 in. It is used 
for setting small panels. The gauging trowel is made 
in various sizes, and resembles a bricklayer’s trowel 
in form. It is used for gauging small portions of 
stuff on the hawk, and for laying stuff on mouldings, 
niches, stopping small holes in the plaster, and 
similar work. The laying gauging trowd is similar 


in shape, but larger, from 7 in. to 9 in. long, and 
tapering from about SJ in. to IJ in. ; it is u.sed for 
laying gauged stuff. The margin trowel [26] is 
somewhat similar, but the two sides are parallel, and 
the end stpiare ; the blade is about 3i in. by 2J in. 
it is used for laying and polishing margins, styles, 
and similar work. The jMshing trowd is usually a 
i)artially worn laying trowel, but the edges should 
oe true and parallel. 

Tubs to contain water for washing sand and 
running lime are required, and may be formed by 
cutting an old spirit cask in half. 

In addition to these tools, most of which are special 
tools, the following are also used by the plasterer ; 

Files and rasps^ of different sizes. 

Gauges and chisels similar to those used for carving 
wood are required for carving and cloaning-up 
plaster, cement, etc. 

A hod somewhat similar to a bricklayer’s hod. 

Knives of xarioiis sorts for trimming enrichments 
and angles, and for cutting canvas. 

Spirit level. 

Iron and wood pails. 

Saws for cutting running rules and fibrous plaster. 

Screen, as used by bricklayers for screening lime 
and sand. 

Materials* Plaster -of ‘Paris is manufactured 
from gypsum, which is a sulphate of lime, and 
frequently contains a considerable percentage of 
carbonate of calcium. The gypsum is got by blasting, 
and if dirty, the outer portions are cleaned, and 
fnay then bo treated by one of two processes. 
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The first is t<^rmcd hoUing. For this, the gvpBum 
is first pulverised, then finely ground, and then 
ronveyed to a large open pan or boiler heated by 
means of flues, and is kept agitated by rakes 
i*evolviiig on a spindle. After al)out Jmlf an hour, a 
series of small explou’ons oceur, and the process is 
(•omplcted in about three hours, when the gypsum 
becomes more dense and sand-like. It must then 
bf* turned out of the boiler, cooled, and packed. 
If left too long, it becomes burned, and will set 
only after a long time, if at all. Plaster thus 
made is fine, works freely, and is not liable to 
warn. 

The jiroeoss of halnng is earried on in a fiat 
kiln or oven, the fuel not being allowed to come 
into contact with the gvpsiim. I'he kiln is heated 
to redness, charged M'ith the gypsum in lumps, and 
the heat gradually increased and continued until 
the whole of the water presenf. is ev"a])oratod, 
generally for about Ifi liours. The material is 
aft/tTwards ground. 

Plaster that has Ix'cn calcined in lumps sets 
more rapidly than that ground first into ])owdor. 
(lood plaster, if S(pieezed in the hand before use, 
should cohere sliglitly and retain its form when 
the hand is gently opened ; if it all falls to pieces 
it is a sign that the plaster is injured by clamp. 
Plaster is slightly soluble in water, and cement 
which contains jilnster to a considerable extent 
juust not be exposed in a raw static* to the weather. 

( food plaster should not sot with great rapidity, or 
its luanipulaiion is difficult. The eomprossivo 
resistance of good plaster gauged W'ith plain water 
should Ixi about 120 lb. to the square inch., or 
nearly 8 tons to the sui)erficial foot, and its strength 
IS increased about 25 to 30 per cent, if gauged with 
lime water. 

Limes. 'Ihc [iroja^rties and method of pre- 
pnring limes and cements have l»een already fully 
dealt with. [See pages (*48 ami I455.j 

The method of slaking lime for use in plasterers’ 
u'ork dilTers from that used for bricklayers’ mortar. 
'Fhe lime is (fornidetely immersed in water, abotit 
1 .J gallons of wa'er being xised to the bushel of 
liim‘, and the mass is left till eomjdetely slaked 
;ind then lifted out in pails, passed through 
.1 sieve, and riiii into a pit with sides <»f brick or 
boarding, ’i’he matcTial must la* left for at least 
three weeks, and a considerably longer period is 
advantageous. Tame so prepared is used for 
making Crntrue stuff. 

Lime puiUf is formed in a similar way, hut is run 
through a finer sieve into a pit liueerwith coarse 
stuff, and sh. uld be left for at least three months, 
and may be kept for a long time without injury if 
])roteot^ from the air. 

Sand for lime plaster should be hard, sharp, 
gritty, and free from all organic matter. It shoufcl 
not DO too fine for coarse stuff and floating coats, 
and should not be too uniform, (‘ontaiiiing botli 
<*oarse and fine ]>articlcs. Silver sand is used with 
Portland cement w'here a light colour and even 
texture are essential. Sand for jilnsf^Tiug is often 
s}M'cified to Iw washed, and this should always be 
done, if any impurities are present, to secure good 
work. 

Hair is used as a binding medium, giving tenacity 
to the material with which it is mixed. It is 
usually the hair from the back of oxen, and should 
be long, strong, and free from imjuirities. It is 
obtained in a dry state in bags and must be well 
beaten up with a couple of laths or light stiq^a to 
separate the hairs which are found in fjmps. 
Gtoats* hair is sometimes use«l, and hair obtained 
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dire(d from the tanneries makes the lies! work. 
Hair must not be mixed with hot lime, which 
weakens it, and should only be added to stuff just 
before using. 

Substitute for Hair,. Manilla fibre cut 
into lengths of IJ in. to 2 in. has been trietl with 
satisfactory results as a substitute for hair, also 
sisal hemp and jute, which are not quite so strong. 
Sawdust has been used as a substitute for hair, 
estiecially ns additional aggregate for coarse stuff, 
and must be used dry ana passed tlu'ougli a sieve, 
to eliminate large pieces ; it stands the effect of 
rough weather and frost when used externally. 
Some kinds of sawdust are apt to stain the stuff, 
and these must he soaked before use. 

Laths are thin strips of wood split or rent from 
straight grained wootl, generally from Baltic or 
American timber, and are mo^ by hand, the 
advantage of such laths being that the fibres run 
continuously, whereas in sawn laths, though the 
lattor are more regular in form, the fibres may be 
nut across and thus are less strong. Laths are 
usually made in lengths from 2 ft. 0 in. to 4 ft., but 
sometimes longer. They are about 1 in. wide iu 
the face ; single laths are J in. to hi. thick ; lath 
and a half, to ] in. thick; double laths, ] in. 

to J in. thick. 

Laths are fLved usually from J in. to J in. apart, 
depending on the nature of the plaster. In gooil 
work the ends arc butted whore joints occur over 
a joist or rpiarter, and the line of joints should 1 h* 
friMpiently broken. They are wcured with clout - 
headed nails from 2 in. to 1} in. long and should 
be nailed at every bearing ; the nails may Imi 
wrought, cut, or cast, and are best galvauisctl, to 
prevent rusting. When secured to timbers mon^ 
than 3 in. broad on the face, the latter should have 
double laths or fillets nailed along the face to 
avoid interfering with the key of the plaster, which 
is formed between Cfmh pair of laths ; this is termed 
hraudering or counter lathing. For lathing of half 
timber work laths rent from oak are sometimes used. 
Lath and a half should be used for ceiling and 
soffits, and is generally used also for ]»arti1ioiis, 
except in rather inferior work. 

Substitute for Lrathe. Sheets of metal 
variously prepared are now frequently used in 
place at wood laths, and have the advantage of 
b<ung non-combustihlc. The mast usual kinds arc 
expanded metal lathing, which forms a kind of 
inset and gives a good key to the plaster ; it can 
be obtained in large sheets and can be adapted to 
irregular surfaces. 

Thihnil co sists of thin steel sheets from 5 ft. to 
0 ft. long and from 12 in. to 24 in. wide, |)erforated 
with sections alternately raised and dc] tressed to 
afford a key ; this may be fixed to .small iron 
standards in forming fireproof work. 

Dovetailed metal latliing has already been 
described [page 4760], and is an excellent sub- 
stitute for wood laths. 

PlMterer*a Terms. Plastering is applie<l 
both to solid surfaces, such as brick, stone, or con- 
crete, and also to surfaces formed by laths laid side 
by side. In almost all cases there are at least two 
coats laid on and very often three. On solid walls 
one-coat work is usually described as tendering; 
two-coat work as tender and set or /«?/ and set; 
three-coat work as render^ float and set or lay, float 
and set. On partitions the work is described, if 
one coat only, as lath and plaster or lath and lay; if 
two coats, as lath, plaster and set or lath, lay and 
set; three -coat work, as lath, plaster, float and sd 
or lath, lay, float and set. 



The term ^cLsitty if used alone, is generally 
taken to indioate work executed in ])la8ter of 
Paris. The material in general use, composed of 
lime, sand, hair, and water, is generally termed 
lime 'fkister; but there is a good deal of uncer- 
tainty and laxity in the use of plasterers’ terms, 
which vary in different districts. 

Coarse stuff ^ or lime arid hair^ or hair mortar, 
consists of parts of sand to 1 of lime putty 
mixed with water, and to this is added beaten hair 
in the proportion of 1 lb. of hair to 3 cubic ft. of 
stuff, and this is thoroughly incorporated with 
the larry. When well mixed in sufficient quantities 
the hairs should be found about in. apart; 

and if a little is picked up with the end of the 
trowel, it should cling to it and not di*op off. The 
consistency is important, as. while it must be plastic 
enough to work, if too soft it will drop off, especially 
in the case of ceilings. 

Fine stuff or setting stuff consists of fine lime 
putty and fine, sharp, washed sand. The proportions 
vary somewhat, but the general proportion is 
3 of sand to 1 of putty. It may be allow^ to stand 
after thoroughly mixing till nearly hard but not 
dry, and is men knocked up again to the required 
consistency with water or lime water and at once 
used. It is less likely to shrink and crack if used in 
this manner. It may b<5 mixed with colouring 
matter to any desired tint, or with materials that 
will give it a brilliant or marblo-likc surface ; this 
is done by omitting one part of the sand and sub- 
stituting for it one part of crushed marble, alabaster, 
or spar. Some white hair was often mixed in the 
setting stuff where only hydraulic lime was avail- 
able, which cannot be easily manipulated, but is 
not so often emjiloyed now. 

Gauged stuff is a term applied to either coarse or 
fine stuff which has a certain proportion of plaster 
of Paris mixed with it. This is done with the object 
of shortening the time within which the material will 
set. For coarse stuff and setting stuff one part of 
plaster to four parts of stuff may be ustxl, or a larger 
proportion of plaster up to an amount equal to the 
coarse stuff, defiending upon the rapidity of setting 
required and the strength of the plaster. For heavy 
ctornices the proportion should not be lower than 
1 to 3, which is also the proportion used with putty. 

Stucco. Stucco is a term somewhat loosely 
applied to various plastic mixtures in England, and 
has been to some extent suiwrseded by Portland 
cement for external work, and by Parian and other 
similar cement for internal work. It differs from 
ordinary three-coat work mainly in the manner of 
mixing and working the final coat, the first two 
coats being similar to three-ooat work. 

Common stucco is composed of 3 ])arts coarse, 
sharp sand and 1 part of hydraulic or grey 
lime and a little hair, and is used for external 
work, and the surface is finished with a hand 
float. 

Rough stucco is used largely for interiors and in 
imitation of stone. It is formed with throe parts of 
coarse sand and two parts of OTcystone lime. It is 
laid with a trowel, and after being ruled in with a 
straightedge, is scoured with a hand float, and 
afterwards with a felt float, which is an ordinary 
float the surface of which is unplaned and covered 
by a felt pad. The surface of the stucco is patted 
with this, and may be made to resemble the texture 
of stone, and, if required to represent ashlar, joint 
lines may be indent^ in the required positions with 
a jointer. This work may be tinted to represent 
the colour of stone by mixing with it ochre or other 
colour with dilute sulphuric acid. 
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Trowelled stucco is used for work that is to be 
painted ; the coat is formed with 2J ports to 3 parts 
of sharp washed sand, not too fine, and 2 parts of 
chalk-lime putty, and is laid and traversed in all 
directions with a floating rule, then scoured without 
water, and after an interval scoured again with 
water and immediately after with the trowel, 
which is continued till the work is so hard that no 
impression is made, and finally brushed over with 
a soft damp brush. The surface when dry is 
excellent for paint. 

Plaster Work. The method of carrying 
out ordinary three coat work is as follows : the first 
coat is formed of coarse stuff, and applying it to 
walls, partitions, or ceilings is described as pricking- 
up. The material is placed on the hawk, and thence 
transferred with a trowel to its position; in the case 
of ceilings, it is fir.st worked on in a diagonal direc- 
tion as the laths are stiller when this is done, and 
each trowelful is partly c-overod by the succeeding 
one. It must be laid with sufficient pressure to 
force it between the laths to create the necessary 
key. The coat is laid as evenly as possible, from 
I to I in. thick. 

The first coat on walls is termed rendering^ and 
is similar in substance ; the walls are well 8we]>t 
over with a coarse broom, and thoroughly wetted, 
to prevent the brickwork from absorbing the 
moisture from the rendering. The joints should 
be raked out for a depth of about J in. before the 
mortar is set, to give a good key. 

The first coat, after laying on both walls and 
Xmrtitions, must be scratched or keyed. The work 
is allowed to stand for an hour or two till it is firm ; 
the scratch is then applied uniformly over the 
surface diagonally and crossed ; scratching may be 
best done with a single lath, but takes much longer 
than with the scratch ; the object of scratching is to 
provide an efficient key for the next coat. 

Floating. Applying the second coat is termed 
floating. This may be done at any time after the fi rs t 
coat is dry, but if it has been left some time, it should 
be swept over to get rid of dust, and a damn brush 
should be fiassed over it. The material used in this 
coat is also coarse stuff, but it requires to be more 
plastic, and may have rather less hair than first- 
coat stuff. This coat brings the surface of the wall 
to a fairly true face, and must be carefully prepartid 
for. The first process is to form screeds, which are 
thin strips of plaster, to serve as guides to the 
floating rule or running mould. In plumbing, an 
ordinary plumb rule may be used, or a line and 
plummet. The first process is to form d(ds top 
and bottom, unless the skirting grounds are avail- 
able for use in place of bottom dots. The up|^)er 
dots are formed just below the cornice level ; they 
may bo formed by nails driven through the first 
coat, and the head left projecting about J in., and 
they are adjusted with the plummet till perfectly 
in line, and their projection gives the proiicr 
thickness for the floating coat. The dots are 
finished by laying narrow strips of gauged stuff in a 
vertical line with the nails ; these are worked down 
with the floating rule till they correspond in thick- 
ness with the projection of the nail. These dots 
may also be formed with pieces of lath about fi in. 
long on a piece of coarse stuff, the thickness being 
adjusted with the plummet. When the top and 
bottom dots are completed, and are truly in a plane 
not only vertically but horizontally, vertical screeds 
are laid between each pair of dots and worked 
perfectly true with the rule. These vertical screeds 
should not be more than 6 ft. to 9 ft. apart, and 
when completed the nails used for dots are extracted. 
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FlanKinS* When the screeds are hard, if the 
surface of the first coat is seriouslv hollow in places 
it should have additional material laid on and scored : 
thentiach bay is laid with coarse stuff, whicdi is worked 
upwards from the bottom, and the surface is then 
ruled even between the screeds with'a floating rule, 
which carries off any superfluous material. Any 
hollow places must be filled up. This process is 
termed flankhig, and is continued till the whole 
wall surface is covered and forms a perfectly true 
]>lane surface. Even if, as in common work, the 
screeds generally are not truly plummed, any 
salient angles must be stj dealt with. Dot^j arc 
similarly prepared for ceilings, and are made jier- 
fectly level with the hely> of the levelling rule, and 
screeds are then, formed and the flanking coin- 
])l(jted. At angles the float cannot work close, and 
a seam is left ; this is trimmed off sciuaro with the 
laying trowel after all floating is complete. 

Scouring. Scouring the floated coarse stufT 
liardens the surface and ])reveuts cracks in it and in 
the sotting coat. The floated material is allowed to 
stand till the moisture has evaporated from the sur- 
fact* and it is firm. Scouring is carried out by a hand 
float, which is pressed hard upon the mattTial and 
passed rapklly over it with a circular motion. The 
float is held in one hand, a stock brush in the other, 
and with it the surface is sprinkled : any small 
hollows left by the float may lie filled in, and the 
whole surface should la's (trated in a uniform manner. 
A second scouring, and in very good work a third, 
may take place after an interval of from three 
hours to five hours, and the last scouring is con- 
tinued till Ihect^ is no moisture on the surface. 
Scouring is not reipiired for Portland cement or 
when this coarse stuff is mixed with liydranlic 
lime. 

Keying. The effect of scouring is to leave the 
floateef surface smooth and close, and if the thin 
setting coat is laid on this, adhesion between the two 
is apt to be im]>erfect; after scouring, therefore, the* 
surface must be made rough to secure the necessary 
key. This is done by brushing the surface as soon 
as scoured with a stiff whalebone broom, or by the 
use of a 7mil float which is an ordinary float having 
the point of a nail projecting from it about 4 in., 
or with a derih which is similar, but has four such 
points, one near each angle. This tool should be 
worked with a close circular motion, and scores the 
surface, tlius providing a key for the setting coat. 
Cornices are run before the final or setting coat is 
laid, but the work on this coat will be considered as 
following on, and cornices dealt with later. 

Setting Coat. The m a terial used for the sett ing 
coat is fine ttiafl or «Mng Muff, and has been already 
described. It should not be* applied till the floating 
is well set and nearly dry ; but if it has become 
(juitedry it should be well wotted a day or two 
before the setting coat is applied. The sotting is 
laid in two coats, one directly after the other, and 
both coats are laid with a skimming flout. As soon 
as one wall, or bay, is completed, it is scoured, 
trowelled, and brushed. 

Scouring is carried out with a hand flout, and 
water is applied with a stock brush. After a short 
interval the o^ieration is re]xjated, and it is finally 
scoured with a cross-grain hand float, with a 
sparing use of water, and is continued till an even 
close-grained surface is secured. This W'ork is 
followed up by trowelling, for which the work is 
again sprinkled and the trowel well worked over 
the surface, which is afterwards brushed ovey|ith 
a wet stock brush, and finally with a half dr^)nc». 
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The thickjiess of the setting coat is usually about 
1 in., and if the wall is required for painting, screeds 
ma}’’ be used for the setting coat. 

In the case of second-class work, the setting coat 
is laid as a single coat, scoured and trowelled once 
and brushed over, and in inferior work the coat is 
very thin, formed of quick-setting stuff, and is 
then trowelled and brushed. 

Internal angles must bo carefully squared and 
made true with a cross-grained float. External angles 
may be treated in various ways, beaded or moulde<l 
or finished with an arris. Sometimes a wood bead 
or w'ood bullnose is used to form the angle. The 
circular bend is fixed to the walls, and the floating 
coat is cut away on each side to form the guide 
when the setting (^oat is laid. Unless the angles are 
in w’ood, they are usually in Parian or Keen’s 
cement, and this material is returned on each 
face for about 2 in. The floating is cut aw^ay to a 
square line dowm to the brick, which is dusted 
and wetted, and the bead or arris is then run, 
running rules having been fixed on each side ; the 
edge of the return forms a finish for the setting coal , 

Working Keen’s, Parian, and Martin’s 
Cement. These cements are lai:gely used for 
plasterer's work in place of ordinary lime plnstei-. 
Much econf)my of time may be effected by their use, 
}jnd they may also Ih' painted, pai)erod, or distem - 
jicjred as soon as finished. They work easily, and 
give a very smooth, hard surface, and when not 
used generally for plastering, are very usually em- 
ployed for salient angles and similar puri»oses. 
They w ill not, however, resist the effect of moisture, 
and are not therefore suited for external work ; 
if used in internal W'hIIs that are in any way dniiii>, 
such walls must first be rendered in Portland cement , 
C'are must be taken to see that they are used w ithoul 
addition of j)laster. which may cause them to swell 
The cost of these cements is higher than that of 
]>luHter. In the ease of lathwork, the nails used 
must be galvanii-ed, or otherwise protected from 
rusting, and all nails used in forming dots imist 
be extracted. ]*’or first coat and floating on ceilings 
the pro}K)rtion used are I of cement, 2 of clean, 
shar]> sand, and h/iir in about the proportion used 
for lime ])laster : for w'nlls a little more sand ma;v' 
1)0 used — about 2 of cement to of sand. 
A coarser form of cement is used for the earlier 
coats than for the final coat. Whore it is not desired 
to jiroceed ra]udly with decorating, the walls 
may l)e rendered and floated with Portland cement 
and sand, used in the proportion of 1 to it; 
this is more economical, but generally results in 
a white efflores<M*noe apjxiaring on the surface, and 
must Ik* given time to dry out before the surfnet* 
can be piinted or otherwise treated. 

The materials must be carefully mixed dry and 
then the water added and finally the hair, which 
should be first beaten and soaked. The* material is 
used fairly stiff, and it is iin|M)rtant that any 
work begun should be finished on the same 
day. The first coat when finished is scratched, 
and should stand for about 20 hours Ixdore floating, 
nie screeds for the floating coat are generally 
narrow, and the skies are cut square, and the 
material, w'hen these are set, is I'uled in with a 
floating rule till the surface is perfectly even and 
true, and when firm it is brushed over w'ith a 
coarse broom to pro\'ide a key. 

• For the finishing coat a fine cement is used and 
generally worked neat. It is first gauged smooth 
and stiff and may have additional water added 
afterwards to reduce its (‘onsistency if necessary : this 
coat should not exceed J in. in thickness an^ must 
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be carefully ruled till perfectly true. It is laid gener- 
ally in two coats, the first fairly stiff, and after this 
has been ruled, additional cement gauged less 
stiffly is laid and ruled. In about an hour or so 
it becomes firm, and may then bo scoured without 
much water, the operation being twice repeated to 
secure a firm, close, even surface. Trowelling follows 
on soon after scouring, very little water being used, 
and this operation is also twice repeated. 

Preparing for Cornices. Cornices must 
be provided with some kind of core to which the 
plaster can bo applied. In the case of external 
cornices this may be of rough stone or brick built 
into or corbelled out from the wall, which should 
conform closely in its outline to the finished lines 
of the cornice. For internal cornices the pre- 
paration will depend on the size of the cornice and 
its form. When the projection is small, a series of 
spikes may be driven into the wall, the heads being 
left projecting to the extent required to form the 
mouldings and tarred bands twisted between them ; 
but where the section of the comice has a consider- 
able projection, brackets are used cut from boards 
and fixed at intervals in the angle between ceiling 
and wall. These are afterwards lathed with ordinary 
laths or with metal lathing. Those brackets 
should be cut to such a shape as to secure that 
the thickness of the plaster should be approximately 
cqu il throughout. This cannot be secured at every 
point, but should be aimed at ; if thinner, the 


plaster may crack ; if thicker, it is wasteful, and 
unduly loads the brackets. Any small mouldings 
projecting considerably from the general line may 
be strengthened by the use of projecting nails. 
The actual section of the bracket must be varied 
for a plain and enriched cornice, even if of the 
same profile, as the enrichments cannot be run, but 
must ne cast and a bed formed for their insertion. 

Cornices. Cornices arc formed by means of a 
running mould f27] cut to the profile of the proposed 
mouldings. The actual mould for forming the profile 
is now usually of zinc, ext^ept in the case of Portland 
cement mouldings, when iron is often used. The 
thickness of the zinc may be about iV hi. or a little 
less, and the zinc profile, or fixed on a wood 

backing, or atockf which in turn is fixed to a wood 
late, or dipper, and supported by stays which form 
andles. The plate is marked with the desired 
profile, cut, and then filed perfectly true, and is 
usually about 4 in. or 5 in. in width, and has squared 
ends of about li in. corresponding with wall and 
ceiling surfaces. All woodwork is carefully planed ; 
the stock is cut to a profile corresponding with the 
plate but set back about ^ in. except at the nib, or 
upjKjr edge, which bears on the ceiling, and the toe, 
which bears against the wall and assists the plate 
to run freely. The edge of the stock is splayed hack 
from the plate still further; the stock is made 
wider than the plate, which is screwed or nailed 
to it ; the bottom of the stock is fitted into the 
slip|)er, which is carefully squared and grooved with 


a dovetailed groove, into which the stock is fixed by a 
wedge and secured with nails. The handle or stay 
is formed out of a square piece of wood the angles 
rounded off in the centre; the ends are splayed 
and fixed, one to the stock and one to the slipper, 
so as easily to clear the moulding when grasped by 
the plasterer’s hand in working. When the mould is to 
have considerable use, the nib and each end of the 
slipper may be j)rotected by a piece of zinc or leather. 
A splashboard is sometimes added, and is fixed be- 
tween the back edge of the slipper and the stock. 

In preparing a running mould for an enriched cornice 
the enriched members are omitted and a bed sunk for 
them which can be run with the other mouldings and 
into which the cast enrichment is afterwards inserted. 

Running screeds are prepared on the walla as bear- 
ings for the mould, and the running rules are thenfixed 
These are long strips of wood 2J in. to in. broad 
and J in. thick, planed all round, and fixed against 
the screeds, and form guides for the running moulds. 

The mouldings arc first ro\ighed out, and then 
finished with a fine thin coat, and for this roughing 
the running mould which give.s the finished profile 
must be muffled — that is, the edge of the mould 
must be covered to an extent equal to the thickness 
of the final coat. This may be done by gauging ui) 
plaster and covering the bevelled edge of the stock 
with it till the plaster projects about J in. Ijeyond 
the plate, and, when ithas set, trimming it down to 
about in. projection, which will leave sufficient 
thickness for the finishing coat. Another 
method is to provide an extra muffling 
plate, cut to the requisite profile, and 
screwed over the plate. When the mould- 
ing has been roughed out, the muffling is 
removed, iind the plate used for finishing. 

Running Cornices. Where brack- 
ets and lathing are used, the laths are 
often coated with gauged coarse stuff 
and scratched before the screeds for float- 
ing the walls are prepared. This dries and 
stiffens the lathing before the mouldings 
are roughed out. Witli large mouldings, 
and when metal lathing is used, the whole cornice 
is roughed out with gauged coarse stuff. This must 
be laid on in regular thickness, the form of the mould- 
ings l)eiiig built up as nearly as possible with the 
trowel first, and the muffled mould is then run over 
the mouldings, carrying off any superfluous material : 
any hollow parts must be filled in, and the whole 
cornice brought to a true and uniform profile 
throughout ts length. 

Finishing Cornices. The gauged stuff for 
finishing must be prepared on a clean gauge board. 
The plaster and water are first mixed, and the putty 
afterwards added ; the stuff is laid in the cornice 
with a gauging trowel, following the form of the 
mouldings ; the mould is run along by one man, 
except in the case of very large mouldings, when 
two may be necessary. Any members of the cornice 
not properly filled out must be fed with additional 
stuff, and the operation goes on till the cornice is 
complete. Finally, a thin coat of fine putty, gauged 
with less plaster, is drawn ovei the mouldings, and 
the mould is quickly and steadily drawn along the 
uhole comice as a finish. 

Mitring. Where two walls meet at either an 
internal or external angle the cornice on these walls 
meets in a mitre line. I’his section cannot be run 
with an ordinary mould, and though mitre moulds 
are sometimes eraiffoyed, these angles are, as a rule, 
made by hand, and are mainly worked with the 
joint rule, the smaller members and those at the 
top and bottom being first worked, and the larger 

5501 




27. RUNNING MOULD 




•UILOINO 


member« niM in afterwards. SmaU Uxdb are used Rough Cast* Ihugh cast is amethodof finish - 
for laying in the stuff, cleaning out the intersections, ing external walls, and may be used for plain surfaces 
and stopping anj^inall holes. or in conjunction with timber framing ; it is also 

sixifig RnrichmentSa In the case of a known as pebble dash. It is a very durable form of 

cornice which is enriched— that is, in which the mould- plastering, and produces a surface of a rough texture 

mgs are cut on the face, and are not therefore uniform much superior in effect to a smooth plaster face' 

in section, the enriched inemliers cannot be run. When executed in lathing, the laths used should be 

but u sunk bed is formed for them, and the enrich- double laths. The first coat is formed with coarse 
monte are cast m blocks and set in the finished stuff having a liberal amount of hair, which is 

cornice. The Ms are scratched when formed, and, scratelmd ; or the first coat may be formed of 

for fixing, the bed is dusted and wetted. The fixing Portland cement in exposed positions. The second 

stuff, which IS line gauged stuff, is spread thinly coat is also of coarse stuff, well wwked to an oven 

over the bed to fill up the scratehos, and over the consistency, and not applied till the first coat is 

back and sides of the cast; and the heading thoroughly dry: this coat is laid fair, and while 

joints are covered with a little fine plaster gauged still soft the final coat is applied, 
with size water. The cost is then inserted in The final coat is usually formed of shingle or fine 
position, slid b^kwards and forwards to drive gravel, well washed and imssed through a sieve from 

out any air, and then the next length is similarly | in. to I in. mesh, and put into a tub containing 



28. PART OF PANELLED PLASTER CEILING 


treated, (fi-eat cure is required in setting out any hot hydraulic lime, mixed with water into a fluid 

enriched meinliers so that they shall repeat an exac t state and well stirred. Tlie shingle is taken out as 

number of times in a given length, and any necessary required, and thrown or dashed evenly on to the 

adjustment must be made so as to secure a jiroiier soft second coat with a scoop, or hollow trowel, and 

mitro. Ihis is arranged for as far as possible in forms a rough but regular surface. Ochic or other 

the shop. colour may be mixed with the lime to give a tint 

cSuch easts are usually made in moulds of gelatine: to the I'ough cast surface, 

speoiallv prepared wax and plater aro also omvloyed Repairinc Plaster Work. W^hore cracks 
tor making moulds for casting plaster ornaments in ceilings are only slight they arc often merely 

and enrichments, but the details of their prepara- stopped before the ceiling is rewliitened, but large 

tion caimot be entered upon in this article, which cracKs and loose plaster must be carefiilly cut out; 

deals with the weirk more directly connected with care must he taken not to disturb adjacent work, anci 

notual building operations. Moulded work is not in forming patches sharp angles are to be avoided 

confined to cornices, hut may he used in many other The edges of the old work must be cut neat and 

situations, esi>ecially in ceilings [28J and in forming square, and in some cases the lathing may have to 

panels and other enrichments for walls. In the case be made good before replastering. The edges of 

of elaWate moulded ceilings, ospocially where the the old work mu.st be wotted, and the laths just 

mouldmgs are small and not run in straight but damped after dusting. The repair is generally 

incurved jmes, these may bo cast in moulds and executed in gauged coarse stuff and gauged fine stuff, 

applied as described for cornice enrichments. or in best work with Parian or Keened cement. 

Plastering conduded ; 0llowed by Internal Plumbing 
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through be hardly visible [181 and 182]. In the 
»amo way, coloured sm)port wire to match the 
ribbon can be used. Tt is a little more difficult 
to manipulate, 
but a light e I 

effect is obtained. 

Ribbon wire 
can also be used. 

Place the end of 
the ribbon wiw 
inside the centre 
pleat, bring tlii^ 
needle through, 
bind it round 
with cotton, and 
take the not'd le 
through again. 

Gauge the length 
for the loop, and 
allow the same 
length for tlu* 
ribbon wire; 
bind it over with 
the ribbon, and 
stitch it and 
bind round the 
n^ot of the bow. 

Be careful n<jt to 
strain the ribl3on 
t ightly o n the three styles of bows 

xv'irc 132, Wiring' the how 

. 133 and 184. Ihitterlly bow 

becurc the ware 135 . a tied Imov 136. AI«aMnn >M»w 
nt the back with 

silk to match the ribbon, just bclow' th<^ top of 
the looi). 

Upstanding or broad ends should lx*, wived half 
way up, never quite t-o the top. Tn some castes 
the ends are wired along one or both sides of tlu^ 
ribbon. 

A butterfly bow [133 and 134] can be made in 
rather narrow width ribbon, in which ease it w ill 
be used for bonnet trimming. It has two loops 
and two upstanding ends, shaped at the end as 
butterfly wings. It also makes a handsome 
trimming for front of hat if made of a ribbon 
9 in. to 10 in. wide, or a piece of silk. 

Start this time w ith a loop, pleating each sidi' 
separately. Make another loop in the opposite 
direction ; then another standing up in the 
centre, turning in the end inside, passing ilni 
cotton used to secure the bow at the root through 
and through the loop. Place the tic through the 
centre loop. Cut this slantways [ 184], and shape 
the ends like butterfly wings. Quantity of ribbon 
required is J yd. of 2-in. wide ribbon velvet. 



This bow can be made without the use of any 
cotton or mounting w ire ; the loops are kept firmly 
in place w ith the lingei-s till the tic- over — that 
is, the second end — secures them. Quantity of 
ribbon required is I J yd. 5 in. wide. 

The Alsatian bow* 1136] takes ll yd. 3-in. 
wide ribbon. It is made of four loops, has no 
ends, and a large broad tie-over. Loops Niw. 1 
and 2 are 12 in. long ; loops 3 and 4, 10 in. long. 
These are used frequently for nurses’ bonnets, etc., 
the loops reaching from ear to ear from the centre 
of the bonnet, only once pleated in the centre. 

Fancy bows [ 141 and 142], witl» more than two 
ends, and more than tw'o or four loops, are made 
on the same jn-inciple as descril)cd, several of 
the loops Ixing cut after the bow' is made. If 
upstanding ends are required, the tie-over is 
t aken round them, and for a flatter trimming the 
tie-over is taken in the c(*ntre in the usual way. 
Two and a half yards is the veiy least quantity 
w hich can be used to trim a hat satisfactorily ; 
if it is to bo its sole trimming, 3.1 yd. is an 
average quantity. For ruches, loops, and 
rosettes, more is required. 

Ends of bows may be frayed [137], cut in 
w ing [138], mitred [189], or cut to fishtail shapers 
1140]. The ends are sometimes vandyked, or 
treated in some other foshionablt' w ay. 

Kilting the ribbon [143] makes pretty, 
effective bow's or rosettes. Plain ribbons look 
better kilted than brocade, c^henc, or fancy 
ribbons. Mixing libbons of different tones of 
the same colour makes smart bow s. In the good 
French ribbons at k'ast throe shades of the sanu^ 
colour can b(^ obtained, toning gradually from 
light to darker. 

Piec'o velvet bows [146] are made of velvet cut- 
_ on the cross and 



the edges roll- 
hemmed. Th(‘ 
lcK3p.s are plcattd 
as in ribbon 
bows ; but as 
velvet is so much 
thicker, it should 
b (^ twisted a s 
little as possible, 
and if a large 
bow is required, 
it must be made 
in two parts. 
About 3 yd. on 
the cross is re- 
quired, and the 
tie-over should 


A tied bow [186] has as many loops of various be neatly made, 

sizes as desired, but only two ends, and is made, Bows of straw, 

including the tie-over, in one piece. It is useful braid, etc., are 

for children's washing hats and bonnets, and for in the same 

various other millinery items. Keep the first and way. Lace insor- 

sccond loop the longest, graduating the length of 1^2 l ion sewn bet w^een 

each pair of loops. Begin with an end, next a the row^s of straw % 

loop 12 in. long, in opposite direction ; another bnus gauged tulle, 

loop the same length, opposite the first, 12 in. U1 and 142. Fimey )w\v« chiffon, or silk all 
long ; then two loops 9 in. long, and two loops * makepretty 

6 in. long. Take the remainder of the ribbon, twist variations of bows. Two or even three colours of 


it round the root, and pull the end throiy^i straw worked in one bow' or rosc'ttc are also very 

the twist at the back, and the bow is finishffil. effective [ 144 ]. 
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In stitching bows to the hat, stitch firmly, 
stabbing the needle in the hat through the back 
part of the tie-over. Tie inside. Catch each loop 
to the brim with an invisible tie-stitch in a 
becoming position. 

Rosettes. Rosettes are made in ribbon, lace, 
tulle, silk, velvet, or straw. Like bows they are 
continually changing in style, and even a greater 
variety and greater originality is displayed in the 
last new ones. The following are a few of the 
standard styles, which always remain in vogue. 

The loop rosette [146] consists of a succession 
of loops each made independently, but all coming 
back to the centre or starting point ; IJ yd. 
of 7 in. w'ide ribbon is needed. Start with a loop 
7 in. long. Pleat the ribbon and twnst round the 
cotton at one end as in diagram 128 ; take the 
ribbon over the forefinger and pleat at 7 in. 
Then bring it back to its starting point and twist 
round the cotton, which will form the centre or 
root. Makfe five, seven, or nine loops, each being 
brought back to the centre and the cotton twisted 
round. The number of loops depends on the 
width of ribbon and size of rosette desired. 


velvet ; run the raw edges together with strong 
cotton and pull it up tightly. Sew it to a 
foimdation ; do not skimp the outside edge, and 



finish it off neatly 
in the centre. 

Gathered rib- 
bon rosettes are 
made in exactly 
the same way, ex- 
cept that the rib- 
bon is, of course, 
on the straight. 
Gather it either 
along one edge or 
through the 
centre. Pull the 
cotton up tightly. 

For silk rosettes, 
if not used double, 
roll hem -stitch, 
tuck, or bind one 


FANCY BOWS 

143. Kilted bow 144. Stmw Ijow 
145. Apiece velvet bow 


edge to form 
the trimming. 
For crush 


Arrange the loops in circular order, finishing 
the last one in the centre, unless an ornament, 
floral, or other fancy centre is going to be made 
[149], Be careful the loops are close together, for 
if each loop is not stitched to the starting point 
a gap will l)e left between, taking away the 
rounded, full look. The name “ chou ” is some- 
times given to this rosette when made veiw full 
and with rounded top. Most of the other kinds 
of rosettes require a foundation to which to sew the 
loops. For this cut a circk?, about .3 in. in diameter, 
of buckram or double French net [148]; wire 
round with support wire, overlapping the ends for 

2 in. , and bind with sarcenet ribbon. Another way 
of making a rosette is with very small loops only 

3 in. in entire length, sewn on a foundation, round 


and round. It 
takes 4jt yd. of rib- 
bon for each rosette, 
and has a fiat ap- 
pearance. 

For crossway silk 
or velvet rosettes 
[147] cut the velvet 
or silk twice the 
width required, and 
lot the length bo 
according to the 
mdth and size of 
rosette. The nar- 
rower the velvet the 
smaller the rosette, 
and vice versd. One 
crossway length of 
velvet of about J yd. 
long and SJ in. wide 
makes a small 



rosette suitable for bosbttbs 


a bonnet, or to fill 
up a small space on 
a bandeau at the 


146 aod 149. loop rosette 

147. CrosBway rosette 

148. FouDdatioD (or rosette 


back of the hat. This size can be made with- 
out a foundation, and two len^hs are better 
than one. To make this, shadfe and join the 


I’oscties of velvet or silk cut a circle of velvet 
or silk from 9 in. to 20 in. in diameter [154]. 
If the velvet or silk bo soft, use a light 
leno or book-muslin for interlining. Gather 
it all round, draw up to the circumference of 
foundation. The centre will fall in light folds 
and puffs, which secure here and there to the 
foundation with the tie-stitch. The hotter the 
quality of the velvet, the lighter the rosette 
will look, and the fewer the stitches needed to 
keep the puffs in place [150]. 

Odd bits and cuttings of velvet or silk of any 
shape or size can be used for this rosette, gathered 
up round the edge and sown in. 

For baby ribbon rosettes [151] mark on a piece 
of net a circle the size of a shilling. Make each 
loop by folding tho ribbon over the finger, and 
stitch it to a foundation on tho outside of the 
circle marked, then another circle just inside, and 
so on until the foundation is covered. Finish in 
the centre with three upstanding loops. Quantity 
required is 6 yd. 

There is another method of making theso 
rosettes — without a foundation. Wind tho 
ribbon entirely round a card IJ in. wide and 
about 7 in. in length. Let each loop just 
overlap the lost, and do not wind tightly. With a 
nq^le and strong cotton nm through the top of 
the loops, carefully picking up each one. Slip the 
ribbon from the card, removing the loops in suc- 
cession, draw up tightly and fasten off securely. 

Chiffon rosettes [156] need IJ yd. of double- 
width chiffon, cut through the centre selvedge 
way. This will make two or three smaller size 
rosettes. 

Make a fold the width required ; pin this 
down, and make another narrower fold, and pin 
again. Run two or three gathering threads 
through all the folds at the bottom, draw up 
tightly and stitch together ; finish off tho centre 
with an ornament. 1^11 out each fold to produce 
a full, rounded appearance. 

Chiffon, net, or tulle rosettes are made with the 
material cut on the straight ; run the two raw 


edges together, draw up, and wind round from 
centre outwards. 

For lisse, net, or tulle, the cut edges arc 
sometimes turned to the centre, box-pleated 
there, and drawn up. The wider the rosette 
the greater the amount of fulness required, 
as it will want more material to set without 
skimpiness round the outside edge. Avoid 
showing raw edges, and finish off the ends 
neatly. 

Tulle rosettes take 2 yd, of double-width 
tulle and 6 yd. of lace insertion, J in. wide [156]. 

Cut the tulle in strips 9 in. wide, fold them 
in half, and sew the lace on to the fold so that 
it stands out well. Gather the two cut edges. 
Tlie lace can be sewn on about. J in, from the 
“ centre edge.” Tulle rosettes sometimes have 
their folded edges cut after they are drawn up ; 
it gives a pretty, fluffy 
appearance, though they 
do not wear so well. 

A cockade rosette 
ri68] for bonnets or 
toques, requires IJ yd, 
of 8- in. wide ribbon ; 
if two sh^ides are ustd, 

2 yd. of each is enough. 

Kilt the ribbon and 
make three ends ; v ire 
at one edge, unless a 
firm silk ribbon is used, 
and make two small 
loops and a tie- over. 

For a drawn silk 
rosette [152] eut | yd. 
of cross way silk in two 
lengths ; join them in a 
circle. Run J in. tuck 
along the edge and an- 
other through the centre. 

Insert a cotton cord in 
each, and gather cut 
edges tightly to fonn the 
centre, which is finished 
with an ornament. Secure 
outer edge to foundation, 
also the second cord. 

Kid, braid, or straw' rosettes are made in the 
same way, but each of these requires a foundation. 

Rosettes should be sewn to the hat, if possible, 
through the centre, or hetioem the loops or flutes. 

Hat Trimming. To sow^ on feathers, i^p 
off any superfluous length of wire and bend 
up the remainder, which should be bound with a 
small piece of ctossway velvet to prevent the 
cotton slipping off the stem or wire Avhen 
sewing the feathers on. 

When a quill end or fancy sheath is used, do 
not bind the end of the feather, but slip the 
stem in the sheaf, and sew through the quill 
end or the holes in it. Tie the cotton about 2 in. 
from the end of the feather on the underside ; 


leave the cotton loose for about in., and tie in 
position to edge of brim, or wherever it is required 
to fall. A leather should never be fastened 
tight down to the brim. When it has to be 
stitched to a velvet hat, first sew it to a piece of 
stiff net, which can bo secured to the hat more 
firmly and with fewer stitches. A buckle, 
ornament, or some other kind of trimming must 
neaten the end in this case. 

Feathers on lace or net hats arc sewn to one 
or more wires ; a piece of stiff not is placed at 
the back and the stitching taken through. Some 
feathers require to be wired down the stem, 
t o make them retain their position. In this case 
use support wire, and nip round the end, making 
a small loop. The wire should leave off about 
2 in. from the end. 

Wings and quills are stitched securely at the 
base. Quills may even 
have a stitch taken 
through the stem, which 
can be done by using 
a No. 3 “ between ” 

needle. If wings are 
padded, secure them 
through that part. Sow 
the ends in position with 
the tie-stitch. 

Jet and fancy orna- 
ments, such as biickkis, 
clasps, etc., must be 
always stitched in the 
centre as well as on 
each side, to prevent 
their slipping sideways. 

Birdsj if worn, must 
be firmly sewTi to a 
wire, which is generally 
fixed at the back. There 
is so much choice in the 
manufactured w' i n g s 
and quills made from 
poultry feathers, neatly 
mounted and dyed to 
any colour and shapt?, 
that there is no need to 
use the aigrette of living 
birds. Such ornaments will never be worn by 
the woman who takes the trouble to learn at what 
cost these things are collected and prepared. 

To stitch on flowers or wreaths, cut off any 
unnecessary length of stem and bend up the 
remainder. Stitch the flowers firmly to the hat 
by taking the stitches over and over from side 
to side of the stem and cutting off those that are 
not needed. Arrange the flowers and foliage 
in position, and tie-stitch them to hat. 

A trail of flowers is caught here and there 
with the tie-stitch very loosely to the shape. 
Coloured cotton to match must be used. No 
stitches should show, and the trimmings should 
look as if they are ** laid ” on the hat. 


CdrUinued^ 



SOME EFFECTIVE ROSETTES 

150aiifll54. Velvet WBC tie 161. Baby ribbon rosette 
152. Dmwn silk rosette 163. Cockade rosette 
166. Tulle rosette 166. Rosette of chiffon 
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By F. S. HUDSON 


’T'HTS article is the concluding one in our textile 
* seriefl. We then proceed to study the theory 
and practice of dyeing. A fitting conclusion to 
our t^'xtilc study will be a consideration of textile 
calculations and a concise summary of the jirin- 
ciplea of textile design, with a list of the host 
textile books, which may be recommended to 
those who wish to pursue the subjects of textile 
theory and practice into detail. 

Calculations. The worsted count of yarn is 
based on the number of hanks or lengths of 1560 yd. 
each which weigh 1 lb. avoirdupois. This is sig- 
nitied by writing the number opposite the colour 
of the yarn — as “ black worsted,” which 

means there are 12 hanks or lengths of 600 
yd. each which weigh 1 lb., so there will be 
660 X 12 = 6,720 yd. of yarn in 1 lb. of this 
material. In a yarn which was numbered ’/24 
worsted, it would have just the same number of 
yards }>er lb. as the above yarn, because it would be 
composed of two threads of i/24 yarn, which is equal 
to one thread of V12 yarn. It is written ^/24 to show 
that it contains two threads of V24 instead of being 
composed of one thread only. To arrive at the true 
count, it must be divided by the number of threads 
which make up the yarn — that is, 24 -4- 2 = ^/12 
worsted. 

Cotton yarn is calculated on the number of hanks 
or lengths of 840 yd. each which weigh 1 lb., with 
the same rules as apply to worsted. Yorkshire 
skein woollen yarn is based on the number 
of hanks or lengths of 256 yd. . which weigh 
1 lb. If 10 hanks or lengths of 256 yd. each, 
woollen, weigh 1 lb., it is lO-skein yarn ; also, if 
10 yd. of woollen yarn weigh 1 dr., it is lO-skein 
yarn, because 1 lb. avoirdupois contains 256 dr., and 
one hank of Yorkshire skein woollen yam contains 
256 yd. Spun silk yarn calculations are based on 
the number of hanks or lengths of 840 yd. each 
which weigh 1 lb., but with this important distinction, 
that however many threads go to compose a spun 
silk yarn, the count is signified by the first number, 
40/®, 40/®. 40/* spun silk are all the same thickness, 
although the first is composed of two threads, the 
second of three threads, and the third of four 
threads res|:)octively. 

Testing the Counts. For testing the 
counts of worsted yam there is a small weight 
which weighs 12^ gr. ; this is used on delicate 
scales to obtain greater accuracy, and this number 
is obtained by dividing the number of grains in 
1 lb. avoirdupois, which is 7,000, by 660, the number 
of yards in one hank of worsted ; this is put in one 
of the scales and the yam in the other. This 
implies that if 1 yd. of worsted is found to weigh 
12i gr., it is 1 -count worsted; similarly, if 
124 yd. of worsted is found to weigh 124 g**-* 
it JR 12J-count worsted ; also, if 20 yd. of worsted 
is found to weigh 20 gr., it is 20.count worsted. 

For testing the counts of cotton yarn the weight 
is 84 grains, obtained by dividing the number of 
yards in one hank, 840, into 7,000, the number of 
yards in 1 lb., and then tested in the same way as 
Worsted, Yorkshire skein woollen yarn is tested 


by finding the number of yards which weigh 1 dr., 
ootained by dividing 256, the number of yards 
which is contained in one hank, into 256, the 
number of drachms in 1 lb. 

Practical Calculations. The first useful 
calculation is that of conv'erting a count of yarn in 
one denomination to an equivalent count in another 
denomination. 

What counts in cotton is equal to ®/24 worsted ? 

V24 = V12 — ^ 8, or Vlfi cotton. 

‘ ' S4() 

When this is worked out, it gives the al»ovc answer. 
This rule applies to all the above systems. A short 
method of converting worsted counts into cotton 
counts is to multiply by 2 and divide by X 

What is the resultant counts of 40 worsted and 
20 worsted twisted together ? 

40 -f- 40 1 lb. 

40-4-20-2 lb. 

40 hanks weigh ,3 lb. of twisted yarn, and 40 ~ o ~ 
134 counts. 

If 60 lb. of twist is required composed of 40 and 
20 yarn, how many lb. of each will Imj rcipiirod to 
make this amount of varn ? 

40 ^40 ^ 11b. 

40 -4- 20 = 2 lb. 

3 lb. 

60 X 1 

— = 20 lb. of yarn of 40 counts. 

— 40 lb. of yarn of 20 counts. 

Total, 60 lb. of yarn. 


To Find Weight of Warp. To enable us 
to do this, we shall require to know what length 
the warp is to be made, the ends per inch, the width 
in loom, and the counts of yarn. 


How many lb. of yarn will it take to warp a 
piece warp 70 yd. long, 64 in. wide, 60 ends jwr inch, 
of ®/24 worsted warp and weft ? 

00 X 64 X 70 ^ 

X 12 = ‘‘o 


To find weight of weft, put picks |)er inch instead 
of ends, and take length of warp as above. This 
will allow for waste of weft during weaving. 

The Diameter of Yarn. To find this, it 
is necessary to find the number of yards in 1 lb. of 
the yam we want to find the diameter of. and then 
find the scpiaro root of this number ; 10 per cent, 
of this numl)or must be deducted for worsted, 
8 per cent, for cotton, 16 per cent, for woollen yarns. 
This gives us the average diameter of the yarn. 

What is the diameter of ^/24 worsted ? This yarn 
will contain 560 x 24 yd. per lb., and the square 
root of this is 116, less 10 ynsr cent, for worsted = 105, 
the number of ends of this yarn which can be laid 
side by side in 1 in. without compression, which 
implies that the diameter of this yam is y4b 

The respective diameters of yarns will vary 
inversely as the square root of their respective 
counts. 

The above calculation is useful in making cloths 
which have both counts of warp and weft alike, also 
the number of ends and picks. 
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To make a cloth in the above yarn with the 2 — 2 
twill design, it would allow us to have 
105 X 4 

^4 picks per inch, 

because there are four ends and two intersections in 
this design. The diameter of the yarn is multiplied 
by the ends in design, and divided by the sum of 
ends and intersections. 

COUNTS OF YARN 


of Yar<l» 
pfi- ll». 


1 

•660 

2-187 

23-750 

2 

1-383 

4-375 

33-500 

3 

20 

6-.i62 

410 

4 

2-606 

8-750 

47-356 

.*1 

3-333 

10-937 

52-950 

6 

40 

13-122 

58-0 

7 

4-660 

15-309 

62-623 

8 

5-333 

17-500 

67 0 

a 

6-0 

19-683 

71-0 

10 

6-660 

21-875 

74-8 

n 

7-333 

24-062 

78 •£ 

12 

80 

26-244 

82- 0 

13 

8-600 

28-437 

85-333 

14 

P-333 

30-618 

88-695 

15 

100 

32-812 

91-333 

16 

10-000 

350 

94-333 

17 

1 1 -333 

37-184 

97-593 

18 

12 

39-375 

100-39 


found to weigh 1 grain, the counts will be 124 
worsted, because, if 1 yd. weighs 1 gr., 12J yd. 

will weigh — ^ := 124 gr., which is the yarn 

weight for worsted. Other counts will reckon in 
the same proportion. 

Loss in Weight. .Allowance must be made 
for the weight the yarn has lost in finishing, and the 
amount which it has shrunk ; sometimes these two 
neutralise each other. For worsted yams, 5 per 
cent, is generally allowed for loss in weight, and 
16 per cent, for shrinkage in length and width, 
according to design used and style of cloth. In 
woollen yarns, 10 per (^ent. is generally required to 
cover loss in weight, and 20 iw cent, is sometimes 
allowed to cover the amount of shrinkage. In 
cotton yarns, 3 i^er cent, will often cover loss in 
weight and shrinkage. 

Healding Calculations. These are re> 
quired by hoaldcrs or drawers-iii. If it is required 
t-o draw a warp in to eight shafts, 64 ends per inch 
straight draft, 64 must be divided by 8 to hnd the 
niimoer of mails required on each shaft, which in this 
case is eight. 

Rut if a warp has to be dra'um as the following 
draft |1] with (U ends per inch, a different calcula- 
tion is necessary, beoatise the mimhc*LH of mails on 
each shaft are not all alike. 


Table for Reference. The useful 
lablc above gives the counts of worsted from 
1 to 18, with the equivalent counts in cotton 
and woollen ; also the square root of the 
yards per lb. of each count up to in. 
10 per cent, must be deducted for worsted, 
8 ])cr cent, must be deducted for cotton. 


] « per cent, must dodueted for woollen for the On the first, second, fourth, fifth, nnd eisht.li shafts 
diameter of yam. Hus is sufficiently oceurate for there arc six ends in one repeat of draft on each 
all prjictKJal }mrposes. shaft. 

Cloth Analysis. When a sample of cloth On the third and seventh there are seven ends, 
has been analysed and the design found, the On the sixth shaft there are four ends, 

amount of shrinkage in warp and weft must Now, to find how many mails nor inch is require 1 

be estimated. Ihis can be obtained by simple on each shaft, the following calculation is neceas iry : 
nile of three, so that if a sample contains 

40 ends and pielts finished, nnd has shrunk [ N'.iiihn- 

' 40 X 6 Nuiiibei: of cikIh in one repeat of draft 1 muds 

one-sixth, it will have — :: 48 ends and ^ „ 

o ~4.'r nmils per in. on Nos. 1, 2, 4, 5, and 8 shafts = 40 

1 licks in loom. 64 i ” 

.After this, there are still two more . 0| mails per m. on Nos. :j and 7 .shafts = 18 j 

iinportiint factors to find : these are the 

counts of yarn used and the weight of cloth. = 5J mails ixrin. on No. 4 shaft .. ;,i 

Broadcloth is usually made 56 in. wide and 


=s0| mails per in. on Nos. :j and 7 .shafts 
- =* mails i-KT in. on No. 4 shaft 


37 in. per yd. allowed finished. To find the 
weight of a yard of broadcloth as above,, 
multiply 37 by 56; this gives the number of square 
inches in this length. When this is divided by the 
number of grains in 1 oz., 437 J, the answer is 4*73. 
'J'his number represents square inches. Now, if a 
piece of cloth 1 in. broad and 4*73 in. long, or 2 in, 
broad and 2*36 in. long weighs 16 gr., a piece of 
cloth 37 in. by 56 in. will weigh 16 oz. So this is a 
ready means of obtaining the weight of a piece of 
cloth by weighing a small samiue, without any 
calculations, by simply having a piece of card cut 
2 in. by 2*36 in., and placing it on a sample of cloth 
and cutting cloth the same size and weighing on a 
grain balance. 

The size of card to be used for any other length 
and width may be obtained by the above method. 
After the weight has been obtained as above, the 
counts of yam can be got by taking a few threads 
from the cloth. If we can get 12 threads, each 3i||k 
long, and these are weighed on a grain balance, 


Total mails per in. . . 64 

Structure of Plain Cloth. Tins is shown 
by this ero.ss- section [2] through the warp; the dots 
represent ends in warp, and the line picks in weft. 


This is represented on design paper as shown in 8, 
which is complete on two en<£ and picks, with black 
squares for warp, and white squares for weft. 

This design is used a great deal in the cotton 
trade and low woollens with cotton warp and woollen 
weft’, and also in light-weight suitings for the warmer 
parts of the world. It is the simplest of all designs 
and can be woven on two shafts, but its structure 
is different from all other cloths, because each end 
is working opposite its neighbour, and the same 
with each picTk, whereas in other cloths some ends 
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and picks are working alike in some parts of the 


Structure of Twill Cloth. This is shown 
by cross-section [ 4 ], through the warp: this is 
2 — 2 twill, and is probably the most geiierally used 
desipi for suitings in all the world, and is represented 
on design paper as in 5. 

Principles of Drafting. It is possible 
to get a large variety of designs on four or 
(‘ight shafts with this design, when the “ Prin- 
ciples of Drafting ” are understood as explained 
below. If 6 design was woven in a straight 
draft it would take 48 shafts to weave it, 
because this number constitutes one repeat. By 
taking the ends vertically, and numbering 
those ends which work alike with the same 
number it is possible to draft it to weave on four 
shafts, as 7. 


■■■■■■■■ •■■■■■■■ ■■■■■■■■ ■■■■■■■■ 
SSSiSSS* ■■■■■««■ «■■■■■■■ ■■■■■■■■ ■■■■■■■■ ■■■■■■■■ 


Binding of Double Clothe. In binding 
cloths togetiier with warp, a backing end should 
always be brought up at the point of binding 
between two face ends and over a face pick of 
weft, and so with every pick throughout the 
design. In all double cloths the binding point 
should always be concealed as mucli as 
— possible; and, also, whenever possible, they 
should be distributed on a sateen basis. 

Figure 12 is face design for above cross-section, 13 
is back design for above cross-section, including 
binding, and 14 is face and back design combinccl 
end and end on above principles, and is complete. 


i SSSSSSS ■■■■«■■■ ■■■■■■■■ ■■■■■■■■ ■■■■■■■■ ■■■■ 

SSSlSSS SS5SS5!! ■■■■■■■■ ■■■■■■«■ ■■■■«■■■ ■■•■■■■■ ■■■■■> tar! 
SSSSSSSS 555S5SS! 5!!S!55S" ■■■■■■■■ ■■■■■■■■ ■■■■■■■■ ■■■■■■iMa 

§»»»: sfiSK^s: :::::::: 

aiSt iOMn an.,nn.. ■■■■■hi 

■'rjianna naarniaan ar 


inaanrK 

anaarin aarijaann aarjnaa; 
■ laanna innaGt « ili aa! 


a4»f*414-/3/S*4 a 4 * 4 r 4 # 

Figure 8 is the 7>egging plan, and is oom- 
])osed of the four different kinds of ends in the 
draft 7. 

The same result may be arrived at by drafting 
it as 9, with 10 as pegging plan. The draft 
has the advantage of being able to weave a 
straight draft or a combination of small effects, 
as 10 . 


I iaaaaaaa aaaaaaaa aai 

aaaaaaaa aBaaiata bbbbbbbb aaBBaaBB bbbbbbbb 
aaBaaiaa bbbbbbbb Baaaaaai bbbbbbbb bbbbbbbb 


IBBBBBB BBBBBBBB aaaBBBBB 

‘^BBB naBBnBBB BBBBBBB& iDOBDiBG BinDiBBB 

SSSSSKS SSSSHS! SSRSBSRS BSSSSKB SSSSSBSI !»»SIS SSBHH: HHKH KKH:: I 

BiBBaaSB BBBiBli! BGBBBGBB BBBBBBBB BBBBBBBB BBBBBBBB BBBBBBBB BBBI 

BBBaaBBa BaSiBiBS □bbbgbbb bbbbbbbb BBBBaBia bbbbbbbb ■■■■■■■■ ■■■! 

■BBqBBBC BBBnBBBn aaBaBBBB BBBGBBBn BBBaBBBC BBBBBBii BBBBBBBB 

li8BBSE3S3Sf"“' 


Baa ■iiL_ 

-BBGBB BBBBai 
■BHBBB BBBBBI 


Structure of Double Cloths. A thorough 
knowledge of double cloths is invaluable to the 
textile designer ; cloths of this kind may be allowed 
to have both sides alike, or totally different. 

The simplest kind of double cloths are those 
whicih arc Decked with warp, but single in weft. 


/aceWar/) 


or vice v’^ersfi. Figure 11 is cross-section through 
warp of a cloth backed with warp, 2 — 2 twill 
face, eight-end sateen back. The top line of dots 
represents face warp, and bottom line of dots back 
warp, and the line represents weft. 



Contraction in Weaving. A cloth made 
with 13 design should have two warijs to weave from, 
one for face cloth, and one for back cloth, owing to tlic 
difiFerent contractions in weaving of face design 
and back design. The face weave 2 — 2 twill will 
contract about i*|th and the back 
weave about ^^th during weaving. 
So that if the face warp is mane 
^ 70 yd., the back warp should be 
yd. Now, if the face war]> 
contracts ^[J^ith of 70, it will give 
03^ yd. out of loom : if the back 
warp contracts ^th of 70, it will 
give yd. out of loom, less 1 yd. 
allowed for waste *in starting 

% and for warp left in gear — ()2.J 

yd. out of loom proper. 

This contraction is due to the fact that in weav- 
ing it is necessary to interlace the warp with the 
weft at certain places throughout the design, 
and the more interlacing wc have the less ends 
and picks wc can get into the cloth. In the 2 — 2 
twill there are four intersections of weft with warp in 
eight ends; when this is worked out in a geometrical 
problem, it gives the answer that 5*404 ends will 

occui:)y the B})ace 

which six diameters 
of yarn would 
occupy if there 
were no interlacing 
of warp with weft. 
This is equal to a 
take-up of 'i^j th. 

And, similarly, 
in the eight-end 
siiteen, there are 
two intersections of weft with warp in eight ends, 
which gives the answer that 9*404 ends will occupy 
the space which 10 diameters of yain would occu])y 
if there were no intersecting of weft and warp. I'liis 
is equal to a take-up of ^th. 

Double Cloth In Warp and Weft. To 

make this kind of design many designers shade 
their design paper as 15; then the black squares 
represent the face ends and picks, and the darkest 
squart^s the backing ends and picks. 

A double cloth design with the 2 — 2 twill face 
and back, and bound in the eight-end sateen order is 
shown complete in 20 . 

First, the face weave is put on the blank squares 
in 16. 

Secondly, the back weave is put on the darkest 
squares as in 17. 


IBBB BBBBBBBB bbbbbbbb BBBBBBB 
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Thirdly, all the face endt^ are lifted up Avhen each 
backing pick goes in, as in 18. 

Fourthly, the binding weave is put on as in 19, 
which is the eight-end sateen. 

But before this is put on, the proper place for 
binding must bo selected to bring a backing end 
up between two face ends over a face pick. 

These are all combined in 20, which makes 
a com])lete double cloth design 2 — 2 twill face and 
back. This design is hound in exactly the sanu^ 
way as 14, but has a backing weft added. 

If 19 was left off 20. there would bo two separate 
cloths woven, one upon the other, but this is 
put on to bind the face and back cloths to- 
gether. A sateen weave should always be used 
for binding, so that it gives an all-over effect instead 
of running in twill order. 



Figure 21 is the 2 — 2 twill face and back, bound 
in the four shaft twill weave, and can be woven on 
eight shafts. Cloths woven on either of the two 
designs can be woven from the warp beam, because 
the face ends and backing ends have practically the 


A sample of this cloth is shown in 24 in grey 
and black. 

Two'face and One«back Clotha. A 

large variety of lined cloths is made for overcoatings 
wiSi the 2 — 2 twill face and plain design for lining, 
with two ends and picks of face to one end and pick 
of backing; the back can be made plain, striped, 
or checked, without interfering with the face cloth. 
Figure 25 is a cross-section through warp with a 
face pick. 

Weft 

25 

Figure 26 is the design for this if woven in a 
straight draft on 24 shafts, and is made in the same 
way as 20. The dots outside the design indicate 
w'hich are the backing ends and picks; this kind 
of design is generally begun — one face, one back, 
one face, in both warp and weft. 

If it is required to make this design on less than 
24 shafts, it can be drafted on to Ki shafts by 
putting face weave on the first eight shafts and 
bock weave on last eight shafts, as in 26 draft, 
with 27 as pegging plan. 

The same rules must be observed in this design 
as when making 20 design. Figure 26 is also bound 
in the eight-end sateen order [191. 

Overcoating Cloth. A good mcdiiim- 
weight overcoating cloth can be made with this 
design to the following parti(!ulars, 72 ends and picks 
per inch, 00 in. wide in loom, one beam. 



same intersections. Figure'21 wdll give a much Warp. 

harder cloth than 20, bi^cause the two cloths wf^te ond blatik twist worstrd '-’/so 1 i I 1 
are more firmly bound together. Black worsbetl '-i/so . . . . s » 3 s ' 


Double Plain Cloth. Figure 22 is 
cross-section of this kind of cloth through the 
w^ary), and is bound together by every pick of 
weft passing from face to back and back to 
face; the top line of dots are face warp and 
bottom line of dots are back warp. 


Wliite spun silk lS/i» 
Block worsfed 
Blue spun silk 18/2 
Green spun silk 1-8/* 


Back VVaki*. 

..Ill 11 1 '1 

.. 1 1 1 1 1 161 1 1 1 16 I 

..1 1 

1 1 J 




Figure 28 is design for above eroM.s-section, and 
is largely used in the making of some classes of 
“ WVftf nf ’RneplA.nrl ’* hairline trouscrinifs. 


AVest of England ” hairline trouserings. 

If a warp was made in this design and warped 

SSiD 

it would show un- 
broken lines of white 
and black running 
the length of the 
niece alternately on 
noth face and 
back of cloth, and 
the cloth is alj|| 
24 very firmly bouiflF 


This will give a neat stri]M» effect on the face cloth 
and a fancy striped lining w’ith silk ends for 
I striping, while the face cloth and lining will 
bo bound securely together during weaving. 

All students in the textiles should study 
rrT « w * i te l ■ various branches of it, iKicanse it frequently 
^ happens that they sometimes see things in 
other branches which they can make useful 
to them in their own branch of the trade. A 
student of decorative textiles will often derive 
great benefit by visiting an art exhibition both for 
design and colour ; similarly, a student in the woollen 
and worsted trades may often learn something by 
examining samples of the fancy cotton trade. 

The designer, manager, and those who assist 
them should all work in harmony to seize all 
the advantages of all branches of the trade in 
gettirtg new ideas, making the pro})er article for the 
proper market, and in using the best maehinorv 
and the best method of making what is required. 
Before beginning to make the patterns, the traveller, 
designer, and assistants should consult together 
as to what is to be made, and when they have settled 
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what to mal^e they should all try to make some- 
thing betW J ^ah ’ has been made before, but 
always remembering the proper service for which 
it is made/ and to get it in the 
proper market and at the ])roper I^ TI' T I hH fTTVH I 
time, not too late and not too ri rllnSpI 
soon. 

Requirements of a 

Designer. The textile I ' l i mtl 

designer must have a good ™ 

knowledge of calculations and iP 

colour, and remember that ideas 

beget ideas, and also that his 

present knowledge must forge the i*|y|- 

links of connection between what 

1ms been already accomplished and nj- 

whnt is now required. ^ 

Ho should be a keen observer, 
because in the field of observation 
chance favours only those who are 
prepared; and, lastly, he should 
}»osac8s self-reliance, fertility of 
resource, fearlessness of responsibility, and thn 
power of his own initiative, and be able to apply all 
the best points of his education in his daily work. 

A large quantity of patterns for showing pur- 
poses arc still produced in the hand looms of 
Yorkshire, owing to the fact that no box-chain 
is required for patterns which are checked with 
weft, ns this is clone by the weaver 

he goes on with his work. Of ' ' ^ ' 

late years there have been many 
improvements in looms for fancy 
weaving in suitings ; and the year 1 9(f0 
has been the advent of the new 
Dobeross loom, made by Hutchinson, 

Holling worth & Co., which runs at 
the rate of 100 picks a minute. 

There are now hundreds of these 
looms running in the West Riding of 2 

Yorkshire which are doing their work 
wonderfully well. There is still room for improve- 
ment in the finishing machinery because the required 
finish cannot always be got the first time goods are 
finished. When this is the case the work has to be 
gone through again, causing , inconvenience and 
ex|)ense. 

Textile DooKs. The following list of books 
is useful for students in the various 
branches of the textile trade : 

“ Colour in Woven Design,” by R. 

Reaumont (Whittaker. 21s.); “Woollen 
and Worsted Cloth Manufacture,” by R. 

Beaumont (Whittaker. 7s. 6d.); “Cotton 
Spinning,” by R. Marsden (Whittaker. 
l)s. (id.) ; “ Cotton Weaving,” by R. 

Marsden (Marsden, Manchester. 10s. Od.) ; 

“ Pattern Analysis,” by A. F. Barker 
(Marsden. 5.s.) ; “ Cotton Spinning Calcula- j 
tions,” by W. H. Cook (Marsden. 28.) ; 

“ Colour,” WO. H. Hurst (Marsden. j 
7s. 6d.); “ Neville’s Student’s Handbook | 
of Practical Fabric Stnicture,” by Neville 
(D. W. Bardsicy, Oldham. fis.) ; Fouce^ 

“ Stephenson and Suddard’s Ornamental 21 

Design in Woven Fabrics,” by Stephenson 
and Suddard (D. W. Bardsley. 6s. 2d.) ; “Calcula- 
tions in Yarns and Fabrics,” by F. Bradbury 
(F. King & Sons, Halifax. 3 b. 6d.) ; “ Carpet 
Weaving,” by F. Bradbury (King. lOs. 6d.); 

“ Worsted Overlooker’s Handbook,” by M. M. 
Buckley (King. Is.) ; “ Cone Drawing,” by M, M. 
Buckley (King. Is.) ; “ Weaving Problems,” bjr 
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T. Oliver (W. k J. Kennedy, Hawick. 2.s.) ; 
“ Chevreul on Colour,” by M. F. CJhevreul (Bell & 
Sons. 7s. 6d.) ; “ Design in Textile Fabrics,” by 
T. R. Ashenhurst (Cassell. 
TTHggrTTnnTTTT^ ’ * Spinning Woollen and 

tiir Iw T p p ina rl I I B Worsted,” by W. S. B. McLaren 
(Cassell. 48. Gd.) ; “ Weaving and 
Designing of Textile Fabrics,” by 
T 1 t l *t x n i Itf 18 T. R. Ashenhurst (,J. Broadbent 

sp & Ck)., Huddersfield. 12s. (id.) ; 

( “ Treatise on Textile Calculations 

and Structure of Fabrics,” by 
m T. R. Ashenhurst (Broadbent. 

58.) : “ Practical Weaving and 
Cloth Dissecting,” by T. R. 
Wj T 1 *^^ Ashenhurst (Broadbent. 15 h.) ; 

“ The Mechanism of Weaving,” 
by T. W. Fox (Macmillan. 

7s. 6d.) ; “ Woollen Spinning,” 

by C. Vickerman (Maciuillaiu 

26 (is.) ; “ O)ttou S})iiming,” by 

W. Scott Taggart (Macmillan. 

Vol. I. and II., 48. each; Vol. 111., lOs.) ; “The 
Jacquard Machine,” by E. A. Posselt (Emmot 
& (Jo., Manchester. 15s.) ; “ Flax, Tow, and Jute 
Spinning,” by P. Sharp (Emmot. 5s.): “The 
Structure of Fibres, Yarns, and Fabrics,” by E. A. 
Posselt (Emmot. 42s.). 

Textile Classes. Many students attend the 
technical classes in textile manu- 
facturing towns in Yorkshire and 
Lancashire. The Yorkshire schools 
are mostly devoted to woollen and 
worsted, while those in Lancashire 
concern themselves with cotton, 
Leeds University is probably the 
finest equi])ped textile school in the 
world, and contains the required 
machinery for all the })ro(;es8e8 from 

27 the raw material to th? finished 
cloth. The technical schools of 

Halifax, Bradford, and Huddersfield are also well 
equipped, although not to the extent of Leeds. 
Clenorally, they have both day classes and evening 
classes. The latter arc attended by jiersons who 
work in the daytime who desire to improve their 
textile knowledge and take uj) more imjiortant 
positions. A student should be well grounded in 
arithmetic before he attends these classes ; 
otherwise he will be much hindered in 
his work. 

A student attending the day classes 
should have two or three years of 
practical work in a mill. Ho can then 
combine the best points of school know- 
ledge with the best practical knowledge 
gained in the mill. If ho has not” had this 
])ractical experience ho may make serious 
mistakes when he has taken a position 
outside the school. The students in the 
spinning department have the facilities of 
putting their theoretical knowledge into 
, practical cerbiinty on the machinery, mak- 

SttcK ing their own calc illations and setting the 
;8 machines accordingly, while the teacher 

E uts them right and explains any errors, 
en accepted for examination in practical 
worli by the City and Cuilds of London. The courses 
are for throe or four years, with examinations at the 
end of caeh year, when certificates, are awarded to 
those who pass. The International Correspondence 
Schools of 57-60, Chancery Lane, London, W.C., 
have now a textile correspondence department. 


Textiles concluded ; followed hy Dyeing 
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FRENCH 


THE ARTICLE — continued 
Agreement of the Article 


By Louis A. Barbe, B.A. 


NOUNS 

!• Nouns of Double Gender 


1. Tlio article agrees in gender and number with 
thc5 noun which it precedes : Le emur^ Fesprit, les 
numrSf tout gugrie d la culture^ the heart, the mind, 
manners, everything is improved (gains) by culture. 

2. The plural article Ics is ocjcasionally used 
before a proper noun in the singular, merely for the 
sake of emphasis, and without reference to more 
than one person of the same name : Les CorneMe, 
hs Racine ct Ics Moliere ont Ulustr^ la sc^ne. fran^ainv^ 
Corneille, Racine, and Moli^re have made the French 
stage illustrious. 

3. The feminine article la is used before a saint’s 
name in the masculine, to indicate the day on which 
that saint’s feast is celebrated. In that case, the 
article agi’ces with the word fotc understood : Je 
mU'S payemi d la RainU Michel prochaintu 1 shall 
pay you next Michaelmas. 

4. The feminine article is used Ijefore a masculine 
noun — generally a proper noun — to indicate some 
special fashion or manner. The word mode or 
manihe is then understood, and the article agrees 
with it: 11 a la harhc iaUUe d la Henri /K., His 
beard is cut after the fashion of Henry IV. 

Repetition of the Article 

1. The article, whether definite or indefinite, 
must be repeated before every substantive : II a les 
traits, les regards ct la demarche de son pere. He has 
the features, looks, and demeanour of his father. 

2. The use of a single definite article in the {dural 
is customary in certain cases where two or more 
nouns form an indivisible expression, or unite to 
constitute a single, definite collection : £colc des 
Arts ct MHitrs, School of Arts and Trades. Les 
o/JicirrSf sovs-officiers ct soldats, the officers, non- 
commissioned officers, and men. 

3. When nouns are joined by the conjunction 
ou (or), each of them requires the article, unless the 
second be synonymous with the first, or an explana- 
tion of it : Le jmre on le fils nous ecrira demain. The 
father or the son will write to us to-morrow. Les 
cnllines ou petites montaynes sont couvertes d'arbres. 
The hills or small mountains are covered with trees. 

4. When several adjectives joined by et refer to 
the same noun, the article must be used before each 
of them if the noun indicates several persons or 
objects ; Les riches et les pauvres aeront tons juges 
sdon Icurs oeimrs. The rich and poor will all be 
judged according to their works. 

5. If the several adjectives qualify the same person 
or object, one article only is required: Jeviensde finir 
le troisieme ct dernier volume de ce roman, I have just 
finished the third and last volume of that novel. 

Ellipsis of the Article 

1. The article is frequently omitted in proverbial 
expressions : 

Patience ct lotigueur de temps 
Font plus que force ni que rage ; - 

Patience and perseverance (length of time)|P 
Achieve more than strength or fury. 


1. There are a few substantives which arc either 
masculine or feminine, with a modification, or only 
a slight differenee of meaning : 

(a) Amour, love, is usually masculine, both in 
the singular and the plural : "L* amour du jeu rhinit 
tons les autres amours. The love of gambling com- 
{irises all other jmssions (loves). 

In the plural it is feminine when used to designate 
the passion of love, in the more restricted sense, and 
when used as “ amours ” in English. On retoume 
ioujoiirs d ses premieres amours. We always return 
to our first love. 

(/>) Couple, couple, is maseuline when it is 
a{)plied to two {persons between whom their exists 
a bond of sentiment, similarity of object, etc. It is 
feminine when meaning simply two, a brace : Ce 
sera it dommage de separer un si heau coufdc. It 
would bo a {lity to separate such a handsome 
couple. U7ie couple d^opufs suffira pour man dejeuner, 
A coiij)le of eggs will suffice for my breakfast. 

(r) D^lice, delight, pleasure, is masculine when 
used in the singular, and feminine when used in the 
plural. The meaning is practically the same in 
both instances ; Cest un gramd delice, dc faire des 
heurvnx. It is a great pleasure to make {>eople happy ; 
11 fait toutes ses deliccs de Vttnde, He makes study 
his whole delight. 

(d) Foudre, thunderbolt, is feminine when used 
in its lite.'al sense, and masculine when n{>plied 
figuratively to a great warrior or a great orator. 
Cet arhre a He frappl de la fotidre, I’liat tree has been 
struck by a thunderbolt (lightning). On dit, au 
figure, un foudre de guerre, un foudre d' Hoquence, 
pour designer im guerrier d qui rien we rlsiste, un 
orateur vehement. We say, figurativelj", un foudre 
de guerre, un foudre d' Eloquence, to designate a 
warrior whom nothing can withstand, a vehement 
orator. 

(/) Hymnb is feminine when it means a church 
hymn, and masculine in any other sense; Les 
anciennes hymnes de Vl^glise ont le mkriie, de la 
simpliciU, The old hymns of the Church have the 
merit of simplicity ; Chaque peujjle. a son hymne 
national. Every nation has its national anthem. 

{g) CEuvre, work, is usually feminine. It is 
sometimes masculine in poetical language, or when 
it has the special meaning of “ the search for the 
philosopher’s stone ” or of the collected works of an 
engraver or of a composer : Ce volume contient 
les oeuvres completes de Corneille, That volume con- 
tains the complete works of Corneille. 

{h) Gens, people, requires words in agreement 
with it to be feminine if they precede and masculine 
if they follow it: Oe sont les meilleures gens que j'aie 
jamais vus. They are the best people I have ever 
seen. 

But wowls in agreement with gens are always 
masculine, if they occur in a separate clause, whether 
before or after it : Instruits par Vexpirienee toutes 
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lea vieiUes gena aont aonpQonneux, Taught by ex- 
perience, all old people are suspicioiisf. 

“ All ” must be translated by the masculine form 
toua when it accompanies an adjective having but 
one form for both genders and preceding gena : 
Tons lea honnites gens, all honest iieople. 

Tons must also be used, even when it precedes 
geyis, if gens is followed by an adjective or past 
participle : Tons lea gens aenah, all sensible people. 

2. The following nouns have a different meaning 
according as they are of the masculine or of the 
feminine gender : 

aide (m.), a |)erson who o/Jiee (f.), pantry, ser- 
helpg vnnts’ hall 

aide (f.), help, assistance ormige {iw.), orange colour 
aunt (m.)* alder- tree orange (f.), orange 

aiine (f.), ell page (m.), page (atten- 

('mae(m.), cherry-colour dai>t) 

cerise (f.), cherry '-yj<i|/c(f.), page(ofa book) 

crepe (m.), crajx*. pnUlmse (m.), clown 

crepe {L), pancake straw mattress 

critiqtie (m.), critic jwille (m.), straw-colour 

critique (f.), criticisni jmille (f.), straw 
e?w#c/f/nc (m.), ensign, parnlUle, (m.) parallel 

standard -bearer ( oompa r ison) 

enseigne (f.), standard, pomW/Zc (f), parallel line 
signboard pendule (in.), pendulum 

faux (m.), forgery peudidc (f.), timepiece 

(f.), scythe physique (m.), the phy- 

fonrhe (m.), rogue siquo of a person 

/o«r6c (f.), imposture physique (f.), physics, 

grefje (m.), record office natural philosophy 

(of a court of law) pique (m.), spade (a suit 
grefje (f.), grafting of cards) 

guide (in.), guide' pique (f.), pike 

(f.), guiding-rein 'jiode (ni.), stove, pall, 
Ihrre (m.), book canopy 

Here (f.), pound ^H)fle (f.), frying-pan 

manche (m.), handle })olitique (m.), politician 

manche (f.), sleeve; politique (f.), jiolitics, 

Manche (f.), Engl.niannel policy 

manoeuvre (m.), work- paste (m.), post, situa- 
uian, mechanic tion, guard-house 

w/uau"adTe(f.), iiiaiiauivre pe}sfe (f.), letter-post, 
martyre (m.), martyrdom stage- post 

marUjrc, (f,), female martyr (m.), rose-colour, pink 

mauve {m.), mauve colour rose (f.), rose 
waurve (f.), marsh-mallow solde (m.), balance of 
memoire (m,), memoir, an account 

bill sedde. (f.), pay (military) 

mlmoire (f.) memory somnie (m.), nap, sleep 
modc(m.), mood, manner somme (f.). sum, total 
mode (f.), fashion tour (m.), turn, circuit, 

mart (m.), dead man trick, lathe 

mort (f.), death tour (/), tower 

monle ( m. ), in ould , m odel tronx pette ( m . ), tni m f >ct er 
moule (f.), mussel (shell- irompette (f.), trumpet 
fish) rapeur (m.), steamer 

mousse (m.), cabin-boy, wpear (f.), vapour, steam 
ship- boy vase (ni.), vase, vessci 

mousse (f.), moss vase (f.), ooze, mud 

office (m.), office, service, xvile (m.), veil 
functions voile (f.), sail 

II. Compound Nouna 

1 . Com jxiuncl nouns written without a hyphen are 
consideroa single words, and form their plural accord- 
ing to the general rules ; un chivrefeuille, a honey- 
suckle plant ; dcs chevrefeuillea, honeysuckle plants. 

Exception ; In the following words, the com- 
ponents, though not joined by a hyphen, both take 
the plural form ; 

vn Ixonhonxme, an old fellow, etc. ; dcs bonshonmes, 
old fellows, etc. 


un gentilhomtne, a nobleman ; des gentilahommes, 
noblemen. 

ntonaeigneur, ray lord ; mease igneurs, my lords. 
And similarly, monsieur, messieurs ; madame, 
meadames ; mademoiselle, xnesdemoisetles. 

2. When a coin|)ound noun consists of two nouns 
joined by a hyphen, both the com]>oncnt8 take the 
mark of the plural : 

tin chou-fleur, a cauliflower ; dca chovx-flexirs, 
cauliflowers. 

un oisenu-niouche, a humming-bird ; des oisemix- 
motithes, humming-birds. 

un timhre-qxiitlance, a receipt-stamp ; des timbres^ 
q u ittancea, r ecei pt- st a mps. 

un timbre -dt'p^che, a telcgruph-stamp ; des timbres- 
depeches, telegraph-stamps. 

Exception : In the following coui])ound words, 
the first of the components is the only one that 
takes the mark of the plural ; 

appui(s)-main, maul-stick, rest for the hand ; 
hot el(s)- Dint, hospital: rvine{s)-claude, greeugnge ; 
timhreisy paste , post age-stamp ; wandnt{s)-po8te, 
post-office order. 

3. When a compound noun consists of two nouns 
joined by a preposition, the first noun alone takes 
the sign of the })Jural : 

i4n arc-en-ciel, a rainbow; des arcs-en-cid, rain- 
bows. 

n)x chef -d' a- Hire, a masterpiece ; des chefs’d' mme , 
masterpieces. 

un cuJ-de-jatte^ n cripple ; des culs-de-jntte, crip])les. 
Exception : In the following words, the sense 
requires both components to remain invariable, 
even when the whole compound is in the plural : 

nn {des) coq-d-Pfine, a rambling story ; vn {des) 
pied-dderre, temporary quarters : nn {des) pot-nu- 
feu, broth ; nn {des) tHe-d-tete, private interview. 

4. When a compound consists of a noun and an 
adjective, both components take tlie sign of the 
1 dura I : 

une call- forte, an etching : des eaux- fortes, etchings. 
un caffre-fort, a strong-box ; des coffres- forts, 
strong-boxes. 

une claire-fH)ie, lattice, wicket : des daires-xmes, 
lattices, wickets. 

Exrejition : The second comjionent alone takes 
tbe sign of the plural in (a) all the feminine words 
consisting of grand" and a noun, as grand" mere, grand- 
mother, graxid" mores, grandmotliers ; and in {h) the 
three words rhevaii-leger, a light horseman, /errr- 
plein, an eartherii platform or terrace, and sanf- 
conduit, a safe-conduct, of which the respective 
plurals are : des chevau leyers, des terre- filcina, and 
des sau /- co n d u its. 

5. In compound nouns made up of a verb and of 
a noun, only the noun can t4ikc the sign of the 
plural : 

vn jxisse'port, a ])assport; des jrnsse’ ports, pass- 
ports. 

Note. In compound nouns of this kind, it 
frequently hap]>ens that the noun-component {a) 
remains in the singular when the whole compound 
is in the plural, or {b) is in the plural whether the 
whole compound be in the singular or in the plural; 
(a) un abat-jour, a lamp-shade 
dew abat-jour, lamp shades 
vn cassc-cou, a break-neck place 
des casse-con, break-neck places 
nn covpe-gorge, a eut-throat place, den 
des coupe-gorge, cut-throat places, dens 
vn porte-monnaie, a purse 
des porte-monnaie, purses 
xm rhrUle-WAitiv, an alarum 
re wZWe-ma/m, alarums 
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(h) tin hriac-lamca, a breakwater 
deis brise-lameSf breakwaters 
un 'porit-defa, a turnkey 
dca porte-defst turnkeys 
un acrre-papicrs, a pai)erweight , 
des serrca-jxipicrs, paperweights 
un casse-noiscttcaf a niit-craekor 
dea casae-noisette^, nut crackers 
un 'iwrle-lcUrta, a letter-rack 
dfa portc-lettrcSf letter-racks 
un couvre-picdsy a foot-ooverlet 
des convrr-'picdSf foot-coverlets 

There are, however, some eases in which the 
analysis of the word may be made to justify either 
the singular or the plural form of the noun- 
component, and we find authorities giving both 
un portv-plnmc, n jienholder, dcs poric-plume, j)en- 
holders, and un portt^'plumes, dv^ porte-plumes. 

0. Whoii garde is the first part of a compound 
word, it usually takes the sign of the plural if it 
denotes a ptTSon : utic garde- malade, a sick-nurso ; 
dea gardea-maladea, sick-nurses. 

If it denotes an object, it commonly remains 
invariable : unc garde-robe^ a wardrobe ; dea gnrde- 
rohesy wardrobes. 

7. In compound nouns consisting of an adverb 
and a noun, or of a jaeposition and a noun, the 
noun usually takes the mark of the ])lural ; 

une arriere-petifc-fillcy a great-granddaughter ; 
dcs arrUre-pctitc^-filleSy great-granddaughters. 

tm avant-covrevry a fore-runner ; des aidant- 
courenn^t fore-runners. 

un contre-amiraU a rear-admiral ; des c-ontre’ 
amirauTy rear-admirals. 

8. When n com[)ound noun is made up of invari- 
able words — i.e.y verbs, numerals, prepositions, 
adverbs — the components remain unchanged : 

un passe -parlo lit y a master-key ; dcs jiassc- partonty 
master-keys. 

un in-douzcy a duodecimo : dcs in-doiizcy duo- 
decimos. 

III. Proper Nouns 

1. Names of ])ersoiis do not usually take the 
sign of the plural : Les deux CornLilk Haient frheSy 
the two Corneilles were brothers. 

Kxceptions : (a) When a proper noun is used to 
indicate, not one ])erson, but several persons 
resembling the bearer of that name, the proper noun 
takes the sign of the plural ; Vn Augiisic aishnent 
jnmt faire dcs VirgUeSy An Augustus can easily 
produce Virgils — j.c., ]K)ets like Virgil. 

{h) Proper nouns common to a whole race, 
dynasty, etc., take the sign of the jjlural: Deux: des 
Stuarts ont plri sur V khafaud, Two of the Stuarts 
jKTished on the scaffold. 

(c) When the name of an author or of a painter 
is used to indicate copies or examples of his works, 
it is treated as a com mop noun, and takes the sign 


of the plural accordingly: J*ai jdusieura^ VirgUes 
dans ma bihliothequey 1 have several Virgils in my 
library. 

2. Proper names of countries take the sign of the 
plural ; Nous avons visitd les Indes occidentales et le^ 
deux ArndriqueSy We have visited the West Indies 
and the two Americas (North and South). 

IV. Foreign Nouns 

1. Foreign words that have become naturalised 
as French nouns, form their plural in the usual way : 

Un necessity an honourable mention ; des accessitSy 
honourable mentions ; un toryy a Tory ; des lorys, 
Tories. 

2. Most Ijatin compounds used in French are 
invariable : un j)ost-scriptum, a postscript ; des 
jmst-scriptnm postscripts ; un ex-votoy a votive 
offering ; des ex-votOy votive offerings. 

2. Prayers, hymns, etc., are frerpiently indicated 
by their Latin beginning, which remains invariable 
when used as a plural noun : un Te Devnty a Tc 
Deum ,* des Tc Deurn, Te Don ms. 

Key to Than station 
Geoghaphy op the French Lanquage 

The French language comprises the whole domai!i 
of modern France, with the exception of a single 
province, Brittany, where a million inhabitants out 
of 1,800,000 speak a language known under the 
name of Low Breton (and) which is of Celtic origin. 
To this important exception we may add further 
three little groups — the Department of the North, 
where 200,000 inhabitants (out of 1,200,000) speak 
the Flemish language, which is of German origin ; 
the Department of the Lower- Pyrenees, where 
120,000 inhabitants speak Basque, a very ancient 
dialect, of which the origin is unknown ; finally, 
the Department of tlie Eastern -Pyrenees (the 
former province of Koussillon), where 130,000 
inhabitants speak the Catalonian language, which is 
derived from Latin. 

If the domain of the French language does 
not extend over the whole of the pr(*sent 
territory of France, by way of compensation it 
comprises abroad several important territories, 
representing a little more than 3,000,000 inhabi- 
tants, divided thus: for Belgium, l,(i00,000 in- 
habitants ; for the Enipire of Germany, 1,000,000 
(Alsace-Lorraine) ; for French Switzerland, 400, ()00 ; 
lastly, (K),0(X) for the Channel Islands, w'hich belong 
to England. 

To these figures there must be added, outside of 
Europe, the English colonies of Canada and of the 
Island of Mauritius, which have retained the use of 
French, without speaking of our own colonies 
(Algeria, Guiana, Senegal, etc.). This is a balance 
of rather more than 1^500,(X)0 to be added to the 
French linguistic domain. 
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Familiar 

Dialogues 

Who knocked at the 
door ? 

The counU'ss’s foot- 
man, with a note 
Bring it here 
He will not deliver it 
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Dialogoa 

Familiarea 


I Quien ha llamado d 
la puerta ? 

El laoayo de la seflora 
condesa con una esqucla 
Tralgala 0 

No quiere sino onta^ 


excepting into your own 
hands 

Show him in 

Good-day, madam 
How are you ? 
Middling. Sit down 


garla en manos propias 
Hdgale pasor 

Buenos dias, sefiora. 
A Como esta Vd t 
Regular, tome Vd asi- 
ento 




Thanks. I came to say 
good-bye. I am leaving 
to-niorrow for Paris 
Are you going alone ? 
Is not your wife going 
with you ? 

No; her health does 
not permit it 
I am very sorry 

How pleased I am that 
you have called at this 
hour. Now that you are 
here, you will stay and 
dine with us ? 

1 appreciate the invi- 
tiition, but 1 cannot ac- 
cept it. If you were alone 
it would not matter, but 
I really cannot sit down 
to tal)le with the mar- 
chioness in these clothes 

What does it matter, 
man 1 My wife will ex- 
cuse you 

Is the post in ? 

Yes, sir. Here are the 
letters. It seems that the 
post is only for circulars 
and advertisements. I 
have four here 

Where is the secre- 
tary ? 

We have a great deal 
to write ; it is mail day 
What day of the month 
is it ? 

Address these letters ; 
these four must be 
sealed. The sealing-wax 
is in that box with the 
stamps 

Breakfast is served, 
madam 

Tell the master 
He is in the dining- 
room, and the young lady 
and young gentleman 
have also come down 
Good-morning, mother 
Good-morning, chil- 
dren 

What have we for 
breakfast ? 

In this dish here there 
are eggs and ham, and 
over there are kidneys, 
which look very good, 
and there is cod in front 
of Papa 

What will you take, 
chocolate or coffee ? 

I will take tea 
Where shaU we go to- 
day ? 

We have to go to the 
dressmaker and to the 
milliner, and then we will 
go for a walk until it is 
time to fetch your father 
from the office, and I 


Gracias. Vengo a 
despedirmc ; salgo ma- 
fiana para Paris 

I Va Vd solo ? No va 
su Sra. con Vd ? 

No ; su salud no se lo 
permite 

Lo sionto mucho 

Cuanto me alegro verle 
llegaraesta bora. iAhora 
que est^ Vd aqui se 
quedar4 a comer con 
nosotros ? 

Agradezco la invita- 
cion ijero no puedo ac- 
ceptarla. Si estuviera Vd 
solo no importaria pero 
en verdad no puedo 
sen tar 1110 a la mesa con la 
sell ora marquesa cn cste 
trajo 

I Hombre, que im- 
porta I Mi soil ora dis- 
|)onsard a Vd 

I Ha llcgado el correo ? 

Si, senor. Aqui estaii 
las cartas. Parecc quo no 
vionc el correo mas que 
para traer circularcs y 
anuncios, aqui tengo 
cuatro 

I Uoiide esta el scere- 
tario ? 

Tonemos mucho que 
escribir; cs dia de correo 

A A cuanto estAmos 
del mes ? 

Dirija esias cartas ; 
estas tmatro necesitan 
sellarse. El lacro esta 
en aquella caja, con los 
sellos de correo 

Senor a el alrnucrzo 
estd servido 

Aviso al amo 

Estd en cl comedor, 
y tambien ban bajado la 
senor ita y el senorito 

Muy buonos dias niadre 

Muy buenos dias hijos 

i Quo tenemos para 
almorzar ? 

Aqui en esta fuente 
hay huevos y jamon, y 
alld hay riilones que 
pareoen estar muy buonos 
y delante de papa hay 
merluza 

i Que VOS k toraar 
chocolate d cafd ? 

Tomaro td 

i Hondo iremos hoy ? 

Tenemos que ir d la 
costurera, y A la modista, 
y despuoB irdmos d dar 
un paseo hasta que sea 
hora de ir d buscar d tu 
padre d la oficina, y yd 


suppose you remember 
that to-night there is the 
ball at the Embassy 
Of course, I remember 


Give me two first-class 
tickets to Z. I am going 
to register the luggage. 
Be quick so as to get a 
seat near the door 

I want to be with my 
face to the engine, other- 
wise, as you know, I get 
giddy 

At the next station we 
will buy a small basket 
of provisions, what the 
English call a lunch 
basket 

They told me that 
before reaching Z. we 
have to pass through a 
tunnel 

Ye.s, and we have al- 
ready reached it, but 
we shall soon come to 
tlic other end, and at the 
same time to the stop- 
ping place 

And shall I find what I 
require at this office ? 

It is possible, but 
it is difficult to find good 
servants 

Commercial Phraseo- 
logy and Vocabulary 

The market is gradu- 
ally giving way 

The prospects for 
almonds this year are 
not favourable 

Prices for coffee are 
easier 

The market is very 
depressed 

A fall is not to be 
expected 

More attention is ])aid 
at the [iresent moment 
to other articles 

A small lot has been 
disposed of at high prices 

The market closes 
firmly 

A few transactions 
have been effected at 
somewhat low prices 

^'he steamer sailed last 
week for America, carry- 
ing a big cargo 

Our neighbouring mar- 
kets have been affected 
by the decline 

We are completely 
bare, without any stock 

Our market is glutted 
with pears 


IANCIUAQI»-»FAIII8M 

supongo que no te olvidas 
que esta noche es el baile 
de la Embajada 

Porsupuesto que me 
acuerdo 

l)<^mc Vd dos billctcs 
para Z. de primera clase. 
Voy a facturar el equip- 
aje. Darse prisa para 
coger un asiento de 
portezuela 

Quiero ir de cara a 
la locomotora ; ya sabes 
quo de otro modo me 
mareo 

En la proxiiim estacioii 
comprar^mos una canas- 
tita con provisioncs, lo 
que 11am an los ingleses 
“ a lunch basket 

Me dijeron que antes 
de llcgar ii Z. tenianios 
que pasar por un tuiiel 

Si, y ya homos llegado 
a el, pero pronto ffegar«3- 
mos al otro lado, y al 
m ismo tiempo al a pea dero 


Y encontrare alH lo 
que necesito ? 

Puede ser, pero el en- 
contrar buenos criados 
08 muy dificil 

Fraseolooia (^>Mb:HriAL 

Y VOOABULARIO 

El mercado baja gradu- 
almente 

Nada favorable es el 
aspecto que presoutan las 
almendras este a ho 

Los prec.ios para cl 
caf^ han cedkio algo 

El mercado esta muy 
abatido 6 ilojisiiuo 

No es do esperar una 
baja 

En la nctiinlidad se fija 
principalinente la aton- 
cion en otros artieulos 

Se acaba de colocar un 
poqueno lote k precios 
altos 

El mercado cierra 
firine 

Algunas operacioncs se 
han efeotuado a tipos 
algo bajoR 

El buque salid j)ara 
America la semnm 
pasada conduciendo un 
cargamento grande 

La baja ha dejado 
sentir su iufluencia en 
los meroadoH inmediatos 
6 vecinos 

Nos enoontramos dcs- 
provistos, limpios do 
existencias 

Nuestro mercado esta 
abarrotado de poras 
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What little is left un- 
sold is eagerly bought 

Some fresh supplies 
have appeared in the 
market 

We had to 'fdboe sales, 
and this had a bad effect 
all round 

It is rumoured that a 
^eibknown and ^ long- 
established firm of our 
city is in difficulties 

There are still some 
wants to be sup{^jed 

It is an artide very 
liighly thought of in our 
city 

A house is in treaty 
for a parcel of nuts 

Contracts for February 
delivery have been made 

Retail sales 

The exjiected improve- 
ment has not yet taken 
place 

This state of things is 
against business being 
done 

Business is reviving 

A considerable excite- 
ment has prevailed dur- 
ing the last fortnight 

This invoice has not 
yet been paid 

Silver is quoted at a 
very low ligure to-day 

The doubtful state of 
things 

This is an auction day 

It is impossible to 
execute orders all at once 

Wo are inclined to 
believe that prices have 
reached their minimum 


,Lo poco qu© qneda 
disponible se compra con 
af^n 

Hemos vuelto k tener 
nuevos entradas 6 arribos 

Nos vimoB precisadoB 
k lorzar ventas y el 
efecto en general fu6 
adverso 

Corren rumores de que 
una oasa de alios estame- 
oida en nuestra oiudad, y 
bien conocida, se halla 
en dificultades 

Hav aun algr^s 
necesidades por cubrir 
Es un articulo muy 
apreciado en nuestra 
plazn 

Una casa tieno pen- 
diente do trato una par- 
.tida de avellanas 

Se han hecho algunas 
contra tas i>ara entrega en 
Febroro 

Ventas al detalle 
La me j ora esperanzada 
no se ha realizado to- 
davia 

Este estado de cosas 
entorpece las operacr6nes 

Los negocios van co- 
brando via a 

Ha relnado muchisima 
agitacion durante la 
ultima quincena 

Esta factura no esti 
aun paffada 

El v^or de la plata hoy 
dia es muy bajo 

El estado dudoso 6 
incierto de cosas 

Este es dia de subasta 
No es posiblc curnpli- 
mentar en el acio, todas 
las ordenes 

C r e e ni o 8 u e 1 o s 
precios ban visto ya su 
minimum 


The letter-box 
The Custom House 
The bank 
. A promissory note 
The packages ^ 

The Qaah-box 
The warehouse 
The r<»d ink 
The book-keeper 
The gam-pot 
The message 
The trade mark 
The workshop 
The appointment 
The clerk 
The telephone 
The telephone exchange 
The lift 


El buzon 
La Aduana 
El banco 
Un pagard 

Los bmtos 6 paqnetes 
La oaja de fondos 
El almaoen 
La tinta roja 
El tehedor de libros 
El pote de la goma 
Elreoado 

I^ maroa fibrioa 
El taller 
La olta 

El dependiente 
£1 tefefono 
La central 
El ascensor 


Key to Exercise XXL (1) 

1. Mas vale tarde que nunoa, pero mas vale 
pronto que tarde. 2. Les mand6 dinero para que 
pudicran costcarse el viaje, y k menos que lo 
rociban a tiempo, temo quo no tendr^mos cl gusto 
de verlos. 3. Bien quo le advert! que la ©specu- 
lacion era arriesgada, metio grandes sumos en esa 
empresa, y en caso que haga bancarrota, tendre 
que salir garante, puesto que es mi hermauo. 
4. i Hola amigo, oomo va ? Hace tiempo que no lo 
he visto. 5. Ya que no quiore Vd venirme k ver, 
nqui estoy yo, por aqucHo que se dice que si 
la montaha no vieno a Mahoma, Mahoma viene a 
la montaha. 

Key to Exercise XXL (2) 

L That man is very tall — too tall, in my opinion. 
He is almost a giant. 2. Napoleon was a great 
man, in spite of being of small stature. 3. Playing 
the harp hurts the tips of one’s fingers. 4. He 
was a man of learning. He held a chair in the 
University of Salamanca, and was considered the 
first professor of that celebrated University. 5. He 
occupied a very high position : ho raised himself 
from nothing. He was the only one who raised 
hia voice in the defence of the freedom of the Press. 
6. Aft *• the war the troops made their entrance 
into the*capital amid the great acclamations of the 
people, and they arc going to erect a statue to the 
general. 7. Mr. So-and-so was irritated this morn- 
ing. Who is Mr. So-and-so ? I never remember 
his name. 


Continued 


ESPERANTO 

Pronouns* Adjectives 
and Adverbs 

The student is advised not to 
attempt to learn the following table 
by heart as it stands, but to make 
himself master of the nine dis- 
tinctive terminations, as shown in 
column 1, each of which, it will be 
observed, is carried through the 
horizontal line quite regularly. 
Then the powers of the four pre- 
fixed parts, t\ k\ c\ and nen% as 
given in. the headings of columns 
2, 3, 4, and 5, should be learned so 
that these may be added to any 
of the indefinite words in column 1 
according to need. Finally the 
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Contlinit'd from 
piiKc M74 

meaning will be readily retained 
on read^g sentences where they 
occur. 

The words in line A, being ad- 
jectives, and tho5)e.in line J, being 
pronouns, take, if required, the 
plural and the accusative. Those 
in line G arc essentially pronouns, 
and, being of a collective character, 
are always singular, but may, of 
course, take the accusative. 

The five adverbs in line D may 
also, when motion or direction is 
indicated, take the final N. 

In column 2, the words fta, tie, 
tio, tiu may each have the word 6i 
placed either Ufore or after them, 
according to mste. This has tlie 


By Harald Clegg 

effect of bringing nearer the thing 
or place. 

Example : Tia, that kind of ; 
Ha this kind of ; Haj a, those 
kinds of. 

Tie, there ; tie H, here ; Hen, in 
that direction ; Hen a, in this 
direction. 

Tio, that thing ; Ho vi, this 
thing. 

Till, that one ; tiu H, tliis one ; 
Haj a, these. 


ia 

Ha 



Table of Coerelative Pronouns, Adjectives, and Adverbs. 




INDRFI- 

NITB 

(1) 

Demok- 

STRATIVB 

(2) 

rVEDATIVS 

AND 

Interro- 

OATIVB 

(2) 

VOLLEf. 
TIVE AND 

Distri- 

BunvE 

W 

Nega- 

tive 

(5) 

A 

ttnallty 

ia 

Bomekmd 

Ua 

that kind, 
such 

kia 

which 

kind 

Ha 

every kind 

nenia 
no kind 

B 

Motive 

ial 

' for some 
reason 

tial 

for that 
reason ; 
therefore 

Idol 

for which 
reason ; 
why ? 

Hal 

for every 
reason 

nenial 
for no 
reason 

c 

time 

iam 
at some 
time 

tiam 

then 

kiam 

when 

^iam 

always 

neniam 

never 

D 

Place 

ie 

some- 
whe. e 

tie 

in that 
place ; 
there 

kie 

in which 
place; 
where 

He 

every- 

where 

nenie 

nowhere 

E 

Manner 

id 

somehow 

tiel 

thus; so 

kiel 

how; as 

Hel 

every way 

neniel 

nohow 

F 

Posses- 

sion 

ieji 

someone’s 

ties 1 
that one’s 

kies 

w'hose 

Hes 

everyone’s 

nenies 
no one's 

G 

Thing 

io 

something 

tio 

that 

(thing) 

kio 
which 
(thing) 
what „ 

i'io 

every- 

thing 

nenio 

nothing 

H 

Quan- 

tity 

iom 

somewhat; 
a little 

tiam 

as much ; 
as many 

kum 

how Tnuch 
how many 

Horn 

all 

neniom 

none 

J 

Indivi- 

dual 

iu 

some one 

tin 

that one 

kiu 

which, who 

Hu 

each one 

! neniu 
j no one 


Example : Mi dcziras liajn^ 
kinj ejftas miajy I want such as are 
mine. 


iam 

tiam 


Ham ^ 
neniam 


kiam 


Example : Li sahita^ Ham, 
hiaja li vUicLs min. He always sa- 
lutes when he sees me. 


ie He 
tie nenie 


} kie 


Example : Si locjcui tie, kien 
mi nun iras. She lives there, 
where I am now going. 


iel 

tid 


Hel 

neniel 


I kid 


Example : lA lahora^ nmiel, kiel 
vi volas. He works not at all 
(nohow) as you wish. 


io 

tio 


cio ^ 
nenio ) 


kio 


Example: Jen esta^ io, kion 
vi hezams. Here is something that 
you want. 

tiom = kiam 


Example : Mi prenos tiom, 
kiam vi poaedas, I shall take as 
much as you possess. 


ttu neniu J 

Example: Si dankis Hujn, 
kiv'j eMis tie. She thanked all who 
were there. 

The word ajv is often used after 
the tabulated words. It re- 
sembles “ ever,” which is found in 
the English words “ whoever, 
whenever, wherever,” etc., and is 
used in just the same way, except 
that it is not joined to the preced- 
ing word. 

Example : kiu ajn, whoever ; 
kio ajn, whatever. 

When any of the nine words in 
column 3 are used at the beginning 
of a sentence to ask a question, the 
interrogative cu is not required. 

Example : Kie vi acetia tian 
capdon ? Where did you buy 
that hat ? 

All the words in the tables are 
root words, and the nature of 
many of them (though not of all) 
permits the addition of the final 
o, a, or c. 

Example : Li riame 'jfiendaa. 
He everlastingly complains ; mi 
ne sciaa la kicUon,, I do not know 
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the reason (the why); La Hea 
^erculo, the ubiquitous wag. 


Vocabulary 

kvant', quantity 
angvl\ comer, kim' tear{8uhst.) 

angle laM\ praise 

aper', appear mank', lack, 
atak', attack want 
aiiskuU\ listen memor', memory 
aiUun\ autumn mizer\ misery, 
harald', stn^le distress 
dot', date (time) t/ioder', moderate 
diven', guess mol\ soft 
jaV, fall moneUf, month 

flug', fly (v. i.) monir', show 
gajn\ gain, (v. t.) 

win mord\ bite 

(Jen', trouble, nan'^ nation 
disturb naz', nose 

haU', come to a mthl', noble 
stop obstin', obstinate 

indd', earnest prm^emp', spring 
insistent (season) 

just', just, progiea', pro- 
righteous gicss 

koleg', colleague projund', deep 
konduk, con- prmnes', pro- 
duct, lead mise 
kondut', con- pnhlik', public 
duct-, V)e- rapid', rapid, 
haviour fast 

kanven', suitable svhU', sudden, 
fitting instantaneous 

kost', cost, price sufve', sufficient 
kulp', fault, sukces', success 

blame ten' hold 

kutim', custom tir', draw, pull 


Exercise X. 

When you saw him with such 
a strange person, why did you not 
speak to me ? Which are the four 
seasons of the year ? Spring, 
summer, autumn, winter. These 
men, whose conduct I disapproved, 
suddenly attacked me, five at a 
time. What (how much) is to- 
day’s date ? Can you guess my 
age ? Where did you throw it ? 
The stone fell there. That is ror- 
tainly just. I never at any time 
met your colleagues of whom you 
speak. How much does this old 
book cost ? Tears, fell from her 
eyes one hy one when she heard the 
reason. I can never pardon (to) 
them their faults, but when their 
conduct gains my approval then 
I will praise them. My memory 
always to some extent deceives 
me. The dog that barks loudly 
never bites. All nations progress, 
some rapidly, others slowly. The 
water here is rather deep. That is 
sufficient. Wo must work to earn 
that which it is necessary to have 
— that is, money. I nowhere and 
never said such words. I have as 
many cares as you. Why did you 
not listen to him ? When he heard 
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my voice he stoptHsd, and then for 
some reason anddenly ran into the 
house. 1 want to know wliat 
(that which) he said to yon about 
such public matters. Here is 
somebody’s glove. Whose is it ? 

Key to Exercise IX. 

Unu jaro havas dek du mona- 
tojn ; Julio estas la sepa. Gi 
havas tridek unu tagojn, kaj sek- 
vas Junion. La eotoraj monatoj 
estas Januaro^ Februaro, Marto, 
Aprilo, Majo, Augnsto, Septem- 


bro, Oktobrp, Novombro, kaj oriento. Vespere estas on 
fine griza kaj maUuma Docem- la okoidento. La kiagp pendaa 
bro. (lehloj. Gefratoj. Genevoj. sur la muro ckster la domo. 
Geavoj. Geviroj. Gesinjoroj. Si trankvile remetis la fluidon 
Gefip-ncoj. li flatas sin, sed li ne en la botelon. Miaj gokuzoj 
konvinkis min. Si okridis. Mi nutris la tifiojn. La foUo falis de 
ekpensas, ke vi volas trompi min. la arbo al la tero. Li falis 
Mia nepo resen^ la leteron eil la riveron. Hi akompanis 
al mi. Si skribis sur peobn de min ^‘s la leatro. Hi penis 
papero. Mi sercis la buteron, kaj konsoli sin, sod ne povis. La 
line ^ trovis sub la jumalo. Mi plej bona] el ni devos morti kaj 
falis sur niiajn genuojn, kaj reiri al la tero tra la tomboj 
juris ke mi r^onis la monon. Terura vento okblovis kaj la 
Matene oni vidas la simon en la nuboj kasis la sunon. 

Continued 
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SECTION I. ACCIDENCE 

Adjectives : First and Second De- 
clensions. The adjectival endings of the first 
and second declensions are usually os, % ov (tnasc., 
fom., neut.). The feminine is declined like a 
foniinine noun of the first declension, and the 
masculine and neuter like nouns of the second de- 
clension. If a vowel or p precedes the termination 
oy, the feminine ends in a, not in rj. Thus, <ro(f>6Sf 
aa<ffq, (ro<f>6v (wise) ; (hostile) 


Singidar 


N, crocus (TOipi} 

ffo<l>6p 

iX^p6i 

ixBpd 

ixBpl>r 

r. <ro0^ crot^Tj 

ao<fi6p 

fX^pi 

iX^pd 

ixBpdp 

A . ao<f>hp oroipriP 

(rofff6p ' 


iX^pdv 

ixBpdv 

0. ffo(f>ov crotftrjs 

(ro(f>ov 

ixOpov 

iX^paj 

ixBpov 

D, ao<p(p 

(TOCfjtp 

(xf*p^ 


ixOfxf 


Dual 



^•1 





V. t <ro<pw <TOc/)d 

(TOcfMh 

€xf>P^ 

ixBpd 

ixop ^ 

A.) 





Jj 1 oroipoiP croiftaip (TO^olv 

ix^poip 

ixBpoiiP 

ixOpoiP 


Plural 



(T 0 (f>oi ffofpai 

ffo4*d 

ixffpol 

ixBpai 

ixBpd 

A, aofpovs (Totfid^ 

(rotf>d 

iX^pov^ 

ixBpds 

ixBpd 

0. aofpQp ffo4>u)P 

ffOfpUP 

iX^P^^ 

(XBpCov 

4xBp(i>r 

JJ. (ro0ots (ro0a?s <ro<l>oTs > 

ix^pois 

ixOpaU 

ixBpoh 

Note. The masculine form 

of the 

dual is 


often used for the feminine, and forms like <ro^ 
and <ro4>dtv are rare. 

Some adjectives in os, however, have only two 
endings, os and op, the feminine ending in os 
like the masculine— e.p., A$ikos, AAikov, unjust ; 
AXoyos, AXoyop, unreasonable. 

Most adjectives ending in eos and oos are con- 
tracted, thus : x^*v^os, XP^o'i^^t golden, 

becomes xpwroOs, XP^^% Xpr<roOi/ ; dpyvp^os, dpyvpia, 
dpyvpiop, silver, becomes dpyvpovs, dpyvpd, dpyv- 
povp ; and dvXdos, uTXdrf, dirXdop, simple, becomes 
airXoOs, dirXri, dirXoOr, in the next column. 

There are a few adjectives of the second de- 
clension ending in «s (masculine and feminine), 
UP (neuter), corresponding to the nouns of the 
Ai tic declension [see i^et^sl. Thus tXcors, gracioua^ 
is declined in the next column. 
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Singular 


AT. 

Mage, 

Fern 

Neuter 

Maec . , 
Fern. 

Neuter 

dirXoOs 

dTrXij 

dirXouv 

IXcws 

iXeup 

A. 

aTrXoOp 

dwX^p 

aTrXovp 

'iXeup 

iXeup 

0. 

dTrXop 

dirX^s 

dirXoD 

JfXcw 

XXeu 

D. 

dirX(p 

d-rrX^ 

dirX<p 

iXetfi 

tXeip 

N.,V.f AMwXii) 

dwXd 

Dual 

dTrXw 

1 iXfu 

IXeu 

f?., D. 

drrXotP 

dn-Xaip 

dwXotP I 

1 iXefpp 

IXetpp 

y. 

dTrXot 

drrXai 

Plural 

drrXS. 

1 IXttp 

IXew 

A. 

dirXoOs 

dTrXas 

dirXd 

tXeios 

IXeto 

G. 

d7rXu)r 

dirXup 

d7r> UP 

IXewi' 

IXewi' 

D. 

dTrXots 

dvXaU 

dxXois 

iXetpi 

IXei^s 


Exercise III. 

Turn the following into Greek, remembering 
that adjective and article must agree with the 
noun in number, gender, and case : 

1. Of the simple girl. - 2. To the hostile 
soldier. 3. Golden gifts, 4. Of the wise young 
men. 6. The unjust girl (accusative), fi. To 
the silver sea. 7. Unreasonable laws. 8. Of 
the wise mind. 9. Of the golden temple. 
10. The simple judges (accusative). 

Third Declension Noune : The stems 
usually ending in a consonant. 

The third declension includes all nouns not 
belonging to one or other of the two previous 
declensions. The stem of a noun of the third 
declension is generally found by dropping the 
termination of the genitive singular os or ws : 
thus, Xiuv, X^ovTos, stem Xiovr-^, 

The coses are formed by adding the following 
endings to the stem : 


1 

Singular Dual 

dtFem., Ntr. Ma8e,,Fm,,Ntr.\ 

Plural 

Mage. <kFem,Ntr. 

N. 

s none 

1 

€s a 

A, 

a or p none 

r * 

as a 

Q. 

ot, cot 


taw 

D. 

i 

1 0«» 

0-1 
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Note. In the nominative singular and dative 
plural the terminations y and <rt respectively 
often become united with the last letter of the 
stem, as 0i5Xa^, guard, for 0uXa«-y; and dative 
plural 0i^Xa^t, for ^uXax-crc. 

The following are examples of the commonest 
forms of nouns of this declension with mute 
or liquid stems : 


Masculines and Feminines 
6 K6pa^j raven ; ^ /Adtrrt^, whip ; 6 Xitap, lion. 
Singular 


Norn, 

Kdpa^ 

pidffTt^ 

X^cup 

Voc, 

Kopa^ 

fjLdcrrt,^ 

Xiop 

Acc, 

KdpaKa 

fidcTTiya 

Xlopra 

Gen, 

KdpaKOs 

p.dffTcyos 

XioPTos 

Dat, 

h'dpaKi 

udaTiyc 

Dual 

XioPTt 

N,y V,yA, 

KdpaKC 

fidffTiye 

X^opre 

Gen,y Dat, 

KOpdKQCP 

pXKTTiyOLP 

Plural 

XedpTOLP 

Nom,, Voc, 

KdpaKes 

/jidcTiyes 

Xl0PT€S 

Acc. 

KdpaKas 

jxdffTLyas 

Xlopras 

Gen, 

KOpdKCUP 

paarLycjp 

XedpTOiP 

Dat, 

Kdpaic 

fxdari'iiC 

XI overt 

6 iralsy boy ; 6 or 

^ 6pviSy bird ; ( 
Singular 

5 yLyas, giant. 

Nom, 

irah 

6ppis 

ylyas 

Voc, 

iral 

6ppi 

ylyap 

Acc, 

iraida 

6ppip or 
6ppi$a 

ylyapra 

Gen, 

iraidds 

6ppi0os 

yiyaPTOS 

Dat, 

iraidi 

6ppi6i 

Dual 

ylyaPTi 

N.y F., A, 

iraidc 

dpPiOr 

ylyaPTf 

Gen,y Dat. 

rraidotp 

dppiOoiP 

Plural 

ytydpTotp 

Nom,y Voc, 

iraiSes 

6pPl0€S 

ylyavres 

Acc. 

iraidas 

6ppi6as 

ylyaPTas 

Gen. 

iraLScjp 

6ppl6cup 

yiydpTcjp 

Dat. 

Taiffl 

6pPi<ri 

ylyacri 


In the same way decline the following nouns 


of this declension : 




Gen. sing. 

Dat. pi. 

17 (f>Xlxl/y vein 

(piXt^ds 

(pXexf/l 

6 yvxj/, vulture 

yviros 

yvxJ/L 

6 0dXaf, guard 

tpu!>XaKos 

epvXa^i 

d Kijpv^, herald 

KTIpVKOS 

K-^pv^i 

if irr^pv^, wing 

irrlpifyos 

ITTlpV^i 

ij (rdXmy^, trumpet 

erdXiTLyyos 

(rdXirty^i 

(pronounced salpinx) 


6 6pv^y nail, claw 

Api'Xos 

Apv^l 

6 Apa^y chief, prince' 

APUKTOt 

Apa^t 

(poetical voc. Ava) 



h pd^y night 

pvkt6s 

pv^L 

6 7^X«y, laughter 

ylXurros 

— 

^‘EXXdy, Greece 

EXXddoy 

— 

i) kdpvsy helmet 

KdpvBos 

Kdpvert 

il ^XwlSy hope (voc. iXwl) iXrlSos 

iXirlai 

h XafivdSy torch 

XafiirdSos 

Xafirdai 

h warplsy native land 

irarplAos 

iraTplari 

6 dX^^y, elephant 

iXiipaPTos 

iX4tpa<rt 

d y^pvPy old man 

yipoPTOt 

yipovci 

(voc. yipop) 




6 6io6Sf tooth 666vTOf obovtrt 

6 iroifiiliv, shepherd iroiixhoi iroifUci 

6 XtMiJ»', harbour Xt/x^i/os 

6’'V:\\7)v, Greek "EXXt;*/©! ''KXX>;<rt 

ofi'iiv, month ^'qv6s fiyfcL 

6 Mv, age aiwvo^ alCxri 

6 winter, storm Xf‘Mwo-t 

6 ^^/Xibv, leader iiyefidvo^ rjyeixdai 

7) snow X^OVOi 

6 Salfitav, divinity dalfiovot dal/xoai 

(voc. SaifjLOv) 

6 SeXtfiis, dolphin SeX<l>ipoi deX<l>iai 

0 &XSy salt dX6y aXcri 

6 O'/ip, wild beast By^pd^ drfpaL 

6 ^T^y, hired man Oyjrdi BrjaL 

T} ^ty, nose pipds piai 

(cf. ** rhinoceros'’*) 

h ji-fiTtap, orator P^ropoy l>r}rop<n 

(voc. pTfTOp) 

N Kl-TERS 


rh ffwyua, body ; rb ire pas, end ; to ^irap, liver. 
Singular 

^•9 V,f A, aibfia iripas -fjirap 

Gen» <Tii>ixaTOS ireparos rjiraros 

Dat. fftb/uLaTL irepaTL ijirari 

Dual 

N.fV.^A. awnare ir^pare ijirare 

Gcn.^ Dot, orcj/uLdroiP irepdroip ijirdroip 

Plural 

N„ V.,A, cr diixara rrlpara ijirara 

Gen, (ru)p.dTO)P irepdriop rfirdTWP 

Dal ffibfjLaoL iripaffL ijiraai 

Like (ru>p.tt decline rb irpdyfxa^ thing, affair ; 
(rd wpdyfiara = business). 

Third Declension Adjectives. Adjec< 
tives of the third declension have usually two 
endings, one for masculine and feminine, the 
other for neuter. Most of these end in i;y 
(neuter es) anti cup (neuter op)y as dXTy^Tjs, true ; 
xf/evd'/fs, false ; irX'ifiprjs, full ; evdaifxcup, happy ; 
irlirojp, ripe ; acut^peup, in udent. They are thus 
declined : 



Singular 


Singular 

Matte, dc Fern. Neuter. 


Masc. <£.* Feni, Neuter. 

N, 

dXijB'bs dXrjBds 

N. 

evdalficup eBdaifiop 

V. 

dXrjBls 

V. 

ei^daifjiOP 

A, 

dXrjBrj dX-pBis 

A, 

cvSalpopa exfdai/jtop 

G, 

tSiXn&ovs 
(for. dXrjBdos) 

G, 

tiiSaipopos 

D. 

dXrjBei 
(for dXijBi'i) 

D. 

evdatpiOPL 


Dttal 


Dual 

^ A. ) 

iV.,F.,) , 

jj J €VOalp.OP€ 

G„ 

D, dXriBoiP 

0., 

D, evdatpopoip 

N, 

V, 

Plural 


Plural 

[ dXi}deh{les) dXriOijUa) y* 

j (vdalfjLOpfs evdalfiopa 

A. 

dXyiB€is(las) dXijBrj 

A. 

evAalptopas evdalpcopa 

0. 

dXnBcup 

G, 

edSaifjtdpiap 

D, 

dXrjBleri 

D. 

evSalptocrt 


Some adjectives of the third declension, 
however, have only one termination, as : 
r^prity genitive r^vip-oy, poor ; Airaiy, Avtudot, 
childless ; dypd>Sf aypCurosy unknown ; dpwa(, 
ApTayosy rapacious ; ^trydy, tftvydSosy fugitive. 
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Verb ‘‘To Be”: elfAl^ lam. 

Pres, Indicative Imperf. Indicative 
\, Singular 6t>(, I am or % I was 

2. „ el, thou art 

,, €<TTl(y)^ he is 

2. Dual i<TT6v, you two are ^ovy you two were 
»* iirrSv, they ,, ,, 

1. Plural i<Tfx4v, we are we were 

2. „ e<rW, ye are 

3. „ they are fiaav 

Notes. 1. The first person dual of verbs is 
the same as the first person plural; it is not 
often used, and is therefore generally omitted 
in learning the verbs. 

2. In present or primary tenses the second 
and third persons of the dual are alike, each 
ending in ov ; but in past or historic tenses the 
third dual ends in i)v (cf. fiT^v above). 

3. When icrrl and tlaL are followed by a word 

beginning with a vowel, they are written icriv^ 
iifflv, for the sake of euphony or sound. The 
same applies to most words ending in a-i (e.g., 
all dative plurals of the third declension), 
and to all verbs of the tliird person singular 
ending in c. Example : ol Xttvol €l<nv iv 

rtf Tro\^/jL(f}, Horses are useful in war. This also 
holds good when any one of these words (e,g,, 
effrl, chi, Hurjffi) is the last word in a sentence. 

Regular Verb. \6uj, I loose : Present 
and Future Indicative. The great majority of 
Greek verba have the ending w for the first 
person singular present indicative ; the only 
other ending is fit (cf. dfil)* 

Present Fvlure 


1. 

Singular 

I loose 

Xihu, I shall loose 

2. 

»» 

XPeis 

Xthcit 

3. 

»» 

Xi5ct 

XiVet 

2. 

Dual 

XdcTOP 

XdacTOP 

3. 

,, 

XOCTOP 

XdoCTOP 

J. 

Plural 

XdOfJLCP 

XrxTOficp 

2. 


XitcTc 

Xl'><TCTC 




Xd<rovcri(p) 


SECTION II. 

SYNTAX 


The ordinary rules of Syntax (such as the 
agreement of a verb with its subject in number 
and person, the agreement of an adjective with 
its noun in number, gender, and case) apply 
of course in Greek. These need not be reca- 
pitulated here. 

Hitle 1. When any part of clfxl, am, connects 
tho subject with a following noun or adjective 
the verfi is called the copula, and the noun or 
adjective following is called the predicate. If 
in such sentences the predicate is a noun it will 
l>e in the same case as the subject ; if it is an 
adjective, it will agree with tho subject in 
Humbert gender, and C4ise^e,g,t Oi y^porr^s chi 
l>ijropc$, The old men are orators ; Oi vycfAdvci 
^av (r(i>4»pov€%, The leaders were prudent. 

Rule 2. In Greek a nominative in the neuter 
plural takes a singular verb— as, TA Bdpd i<rri 
XfyfurifjM, The gifts are useful ; Td Aar pa 
The stars were friendly. (The Greeks regarded 
neuter plurals as forming a class, and as prac- 
tically equalling a collective noun ; hence tho 
singular verb.) 

The next instalment of the Italian Co^e 


Rl'LE 3. Several subjects connected by and 
(xai) usually take a plural verb, and if the 
subjects are of different persons, the verb is in 
the first person rather than the second, and in 
the secona rather than the third — as, 

Kai <n> i(rpt.ip = I and you are enemies (literally ; 

Hostile I and you, we are,” the emphatic word 
coming first). 

Rule 4. An adjective, with the article pre- 
fixed, is often used as a noun, tho person or 
thing being understood — as, 6 <ro<p6i = the wise 
man ; ol SlKaioi = the just ; ij ao<pi/f = the wise 
woman ; rd &5iKa == unjust things, what is unjust 
(and so very often = injustice). 

Rule 5. (Very important.) Tho article is 
not used with the predicate, only with the 
subject — as, '06pvis fjy rod ylpovros dupov ~ The 
bira was tho gift of the old man (not t6 dwpop). 
In this way it is easy to distinguish the subject 
from the predicate, whatever tho order of the 
words in the sentence. For example ; Atdd<r- 
KaXoi rrji Kdprjs ^p 6 voi/jli^p = The shepherd was 
the teacher of tho girl. This rule will be found 
not to hold good in New Testament Greek, 
which is slightly different from Classical Greek. 

Exercise IV. 

[Words not found here have Ijeen given before] 
and, Kal I hope for, ^Xirl^u 

in, ip (governing dative) (takes accusative) 
basket, r6 Kapoup I say, Xiyu) 

time, 6 

I admire, Oavfxd^u) h>ng, fiaKpds, d, 6p 

soon, Tttx^wy but, aXXd 

wicked, KUKds, 97, 6p unkind, Aypios, a, op 
I dance, I pursue, Aubno) 

delight, 7) xa/>d I fall, ttIttiio 

not, Ol) (opx when next ancient, iraXah's 
word begins with a pleasant, rcpwpd^, r), op 
vowel unaspirated ; I run, Tplx<*> 
oi’x when next word out of, from, iK (govern.s 
begins with an aspi- genitive) 
rated vowel — i.c., a sad, oUrpos, d, 6p 
rough Iiroathing) Deity, 6 dalpuop 

that, 6rt (conjunction) 

Put into Greek : 1. Tliere are a boy and a 
girl in the house (say, a boy and a girl are in 
the house). 2. The house is full of baskets, 
and in the baskets are eggs. 3. Tho eggs were 
the gift of the kind old man. 4. The boy ad- 
mires the baskets : he loosens his (say the) outer 
garment. 6. He will soon loosen a basket. 
6. Tho girl is wicked, and dances with delight 
(simple dative without a preposition). 7. She 
hopes for the eggs ; she says “The time is 
long.” 8. But the deity is unkind : he pursues 
the boy and the girl. 9. The basket falls : 
the eggs are ancient, and the house is not 
pleasant. 10. The boy and the girl run out of 
the house, sad nnd wise. 

Key to Exercise I. : Rhododendron, diag- 
nosis, agkura [pronounced ancura (Latin ancora, 
anchor)], metamorphosis, catastrophe, panto- 
mimes, Xerxes, Socrates, psalterion (psalter). 

Key to Exercise IL ; i. roD pcaplov. 2. roU 
d(rr<HS. 3 . t6p pal'TVP. 4 . roip orpaTUtyraiP, 5 . ro'u 
pdjJLOv. 6 . Tip fiiy. 7. ol Torajuol. 8, rdij iroXlrats. 
9. ToP PC(S). 10. rbavKOP. ii. rntP'^irov, ii, al fcbpai. 
appear in Part 39 of tho Self-Eduoatob. 
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'T'HE work of the hand in the first and last consider- 
* ation in the expression of art in metal-work of 
any kind. When such is adequately given, the result 
is alwa3^s sufficient to justify its existence. There 
is no art in any piece of work which does not possess 
the qualities obtained by hand work. To demon- 
strate this it is only necessary to try to think of 
a machine producing a work of art. Such a thing 
is inconceivable, inasmuch as all art is the expres- 
sion of man’s thoughts and feelings. The hand 
well trained alone can achieve that. One of the 
most lamentable things is to witness the painful 
effort of a worker to imitate the result obttiined 
by the use of machinery. In the ordinary work- 
shop this seems to bo the great desideratum — 
the sine qua non. That it is necessary, then, to 
make art objects with the hands implies also that 
the design must be such as can best bo expressed by 
hand w’ork. Hence it follows that all designs 
should be made by one who not only knows the 
methods employed in the 
craft, but has also either “ 
practised it or is working 
in it. Not only so, but 
lie must also have the 
keenest sympathy and 
enthusiasm for it. The 
designer and craftsman 
should be one and the 
same person, until ho 
knows the craft so 
thoroughly that he can 
guide the work while being 
made by other hands than 
his own. For it is the 
artist who, by working 
continually in a chosen 
material, best under- 
stands its capabilities and 

what beauties can be " ” jjl-. jHipiters N to T> 

wrested from it, as well as 

its limitations and suitable application. It is this 
true appreciation of the qualities of a particular 
metal which calls forth the highest design. To make 
the point clearer, attention is called to the frequent 
misapplication of metalwork, shown by the repro- 
ductions of woodwork, stone carving and plaster 
moulding, in wrought metal. This proceeds from a 
mistaken view of the use of metals, or the lock of 
either the knowledge of its capabilities or of 
invention and sympathy on the part of the designer. 
Not only is this true of the material, but also of the 
process, as in the case of wrought and cast work, 
where the dilTerenoe should be felt and understood 
throughout the whale design. 

Study aud Practice. The study and prac- 
tice of the craft should be carried on at the 
same time as the study of design, either upon 
paper or in wax. They should not be pursued 
separately — that is, at cufferent periods, one taken 
up for several years, and then the othgr — lest 
they both suffer. For by realising and embodying 
the idea or conception in metal, the mind gradually 
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becomes accustomed to seeing clearly the design 
being made from start to finish in all its parts. In 
fact, so clearly is it jierooivod, that after a tiim* 
the conception will present itself as vividly befort* 
the mind’s eye as though it existed in actual metal 
before it. It is one of the most difficult mental 
problems to design or draw anything without having 
a clear presentiment or vision of the object. The 
usual method is to grojxj about over a piece of paper 
until somotiiing suggests iteelf from the iiuml)cr 
of lines sitetchea in, which, when it comes to be made, 
is found to look quite different from the drawing. 
Therefore it is best to advocate as a system of train- 
ing the development of a constructive imaginatiou, 
by the continual practice of both the design and 
the craft. They should never be regarded in tlu* 
light of separatt' things. It is this unnatural divorce 
Ijetwcen craft and design which has l)een one of the 
chief causes of most of the deplorable work of the 
beginning and middle of the last century and 
much of the work of tn 
day. And one can only 
look forward to the time 
when they shall bo united 
once more. Another do- 
torrent in the production 
of art of a lofty aim is tlic 
lack of interest in fine art 
work of to-day displayed 
ly the purchasing putlie. 
\Vc are told that attention 
and devotion to ancient 
art is caused by the ah. 
sence of really fine w’ork 
to-day. At least, thou, 
let us remove this cause. 

Sinnmleat Art Is 
the Highest Art. 
Now» for reference only, 
the best study is to Im* 
found amongst the old 
work of the early periods of any civilisation. 
For specimens of goldsmithing and jewellery, those 
amongst the ancient Irish, Celtic, Creek, and 
what is left of Egyptian, Coptic and Scandinavian 
collections arc to be sought; for wrought iron, 
British, Cerman, Flemish, and French ; for riewter-, 
Dutch, English, and German ; for silver, TCnglish, 
French, German, and Dutch ; for enamels, French, 
Gorman, and Italian. The earlier the date — in 
any civilisation of any piece of art work — tin* 
more generally does it imply the ])ossession of 
those qualities which go to produce the finest 
art, such as simplicity, directness, purity of 
motif, restraint, virile strengtli, imagination and 
severity, together with the utmost perfection of 
handling and colour as seen in its best in the Irish 
jewellery. Tlie later tlie period the more significant 
of redundance, femihinity, extravagance, preten- 
tiousness, poverty, and often impurity of motif — 
of conception, lack of breadth, simplicitv, and the 
qualities possessed in earlier periods ; such art work, 
so-called, has nothing but complete banality in all 
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it« parts, as seen at its worst in the French and 
Flemish Bocooo, and periods under the influence of 
the Jesuit Bourbons. The decadent periods are 
usually the precursors of social and artistic revo- 
lution. followed by a reaction affecting severity and 
simplicity, as seen in the Empire style of France and 
the Adams style in England. 

The True Value of Early Examples. 
The study of these styles or of any other should be 
for the sole xmrposo of under- 
stjinding from them the 
expression of given forms 
and contours, contrasts and 
arrangements of lino and 
muss. Not merely for the 
sake of the continuation and 
> f‘)^tition of these styles, 
for no artist should be con- 
tent to repeat the forms 
of cx})reR8ion used by men 
who have had their day 
and ceased to be. That is 
the wrong ay)plication of such 
study, and it is a sign of the 
times of how little is under- 
Rlood by the world of art 
when it is qnit<? happy in 
seeing an endless purview of 
dead styles, thus causing on 
the part of artists ana de- 
signers all effort of a sincere 
aiid Original kind to he re- 
garded ns bad. This is pre- 
judice and indifference, that 
kills or must be killed. 

This is a grotesque inver- 
sion of the idea held with regard to science and 
literature, and of what is considered advan- 
tageous and yirogrossive for them. For in science 
the reverse holds good. Tn literature it would 
be considered unworthy for authors to imitate 
the idioms, phraseology and words, as much as 
repeating the ideas of writers in past times. 

Study of Nature. Then, while studying 
ancient art, give more thought and reflection 
to Nature. Study her in all her varying moods, 
in her infinitely beautiful 
means of expression, from 
the smallest herb and 
flowering iilant to, the 
great trees, the move- 
ment expressed in their 
grvit limbs under the 
strain and stress of the 
storm, and the movement 
of the w aters of the sea, 
and again the cloud 
masses. Then consider 
the lines expressive of 
calmness ami strength in 
the steadfast hills; but 
study her most closely, 
intimately, in the forms 
and movements of animal 
life, and of the human 
tigurc. Do not study with the intention of 
copying, so much as to analyse what feeling or 
intention can be beat expressed by adopting similar 
iines, masses, contours, whether of strength, beauty, 
grace, grandeur, gentleness ; ascertain how she 
builds her forms and clothes them. 

DeAign. Heferring in the most general terms 
to the broadest principles of desim, it is neccagfry 
to bear in mind only that the strai^t line is the most 
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beautiful of all lines, and thpt any deviation from 
it is leas beautiful. Thus the curve, which is nearest 
the straight line, is the one that appeals to us most, 
as in early Egyptian, Greek, Celtic, and Saracenic 
art. So also in relief, flat surfaces ore pre- 
ferable to rounded, just as in the highest Greek 
form it is the flat planes and surfaces with the least 
curveture of parts which attain to tha.t perfection 
of strength, beauty, and virility which one sees 
embodied there. Now, one of 
the groat qualities in design is 
that described as “ largeness of 
feeling.” By analjrsis of most 
of those works which are gene- 
rally conceded to be the finest, 
it will be noticed that l^is 
quality is maintained by sim- 
plicity, directness and single- 
ness of conception, and scale 
in execution. It will be ob- 
served that there is a total 
absence of short curves, of 
violent light and shade, of 
prominent detail, and of con- 
fusion of parts, multiplicity of 
ideas, or complexity of aim. 
Detail, enrichment of surface, 
or ornament, elaboration of 
plan, were used so as to em- 
phasise the beauty of the bare 
siiaces, and in so doing these 
gave great preciousness to the 
enrichment. For it is apparent 
that straight lines, flat planes, 
simxilicity of plan stand for 
and represent the groat abstract 
quality repose, and therefore continuity, which implies 
infinity. In a similar way a curved line or surface 
re|ieated a great number of times suggests the same 
quality in a minor degree. If follows that all masses 
or curves, such as waves of the sea, or elaborations of 
whatever kind, carried on in a straight direction, 
re|x?ated over a surface, represent the same idea. 
The trunk of a fii‘-tree, as straight as a column, or the 
slight curving growth of a chestnut, both indicate 
reposj^ because of the straightness of the direction 
of their growth. Con- 
trast this with the gnarled 
oak. How eloquent it is 
of storms encountered 
and fought with \ So 
that the broad principle 
is that continuity and 
simplicity, as represented 
by flatness of siu-faco or 
straightness of direction, 
signify repose, infinity, 
and in the greatest work 
the sublime; and the con- 
torted, twisted, intersect- 
ing, are emblematic of 
change. The smaller the 
curve and the more 
abrupt the angle of con- 
tour, the more rapid 
movement do they imply, and so on, in a descending 
scale. 

^Iipplylnf the Prindplee of Deeinn. 

These general outlines the student must try to fill 
in for hijuself, and in doing so he will doubtless 
encounter many obstacles. But he will find ulti- 
mately that they are true. He will meet many things 
in nature, apart from the disputations of his fellows, 
which seem to say otherwise. It is important that 
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the student should understand the means of con- 
veying his intention. If he wish to attempt to walk 
along the high and lonely road towards the lofty 
planes of the beautiful, he will find it necessary to 
exercise great restraint even while exercising his 
imagination to the full. He-will find that the beauti- 
ful implies the abiding sense of continuity. Life 
itself is transitory in the individual, but continuous 
in the race. Reflect upon 
this, for it is generally under- 
stood that variety, change, 
and contrast are the most 
beantiful qualities in art. 
whereas the . contrary in 
proved to bo the case in nil 
the greatest monuments of 
antiquity and the present day. 
llien, if in the greatest, 
surely in the humblest work 
also. To take but two of 
the l>est known examples of 
different styles, the Par- 
thenon and the interior of 
Westminster Abbey. In the 
former the whole eonqmsi- 
tion is made up of straight 
lines and fiat planes. The 
interior at Westminster is 
similar in this respect wheir 
the shafts are simply a mass 
of upright columns' tjod to- 
gether, which in their sustained length, gently 
and slowly curving at the top into arches, give 
the almost extreme jierfcetiou of the expression of 
aspiration in repose. 
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art metal work, although very tew are employed 
to any ^eat extent. 

The following comparisons show the different 
properties and characters of metals, which are here 
arranged in the order of their suitability to the pur- 
pose named above them. 

Mallkabilitt. Gold, silver, copper, tin, lend, 
brass, zinc, platinum, iron, aluminium. 

DucTiury. Platinum, sil- 
ver. iron, copjw, gold, brass, 
uluminium, zinc, tin, lead. 

Fusibility. Aluminium, tin, 
lead, zinc, brass, bronze, silver, 
(jopper, gold, iron, platinum. 

Alloys. Cop))cr alloyed 
with zino gives brass, cop|>pr 
alloyed with tin gives bronz(», 
silver alloyed with cop]H‘r 
gives standard silver, gold 
alloyed with silver and cop|xr 
gives the different carats of 
gold. 

The junction of metals is 
attained by various means as 
follows : 

In gold work the parts are 
joined by solder made of gold 
and silver or gold, silver, and 
copi^er melted together in pro- 
jK>rtions according to the carat 
of the gold. 

solder is also used made 


In silver work a 
of silver and copper. 

In copper work spelter made of eo])per and zinc, 
and a solder of eop])or ami silver in iiwich the 
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pnrjiosc should govern a building, and conse- 
quently the governing facts in its decoration 
should be that it is in har- 
mony with that purpose. So 
that edifices of a serious great 
motive and intention shall 
be decorated only with suit- 
able apjjropriatc ornaments, 
just as much as those of a 
lighter character, lliese re- 
marks seem to be so ob- 
viously true, and therefore 
unnecessary, yet how often 
does one see our theatres dull 
and heavy, our drawing- 
rooms uninspiring, our 
churches full of unsuitable 
crudities displaying the ut- 
most poverty of ihiagination 
and inappropr lateness of form 
and colour. All there is 
eonsists of only such orna- 
ments as can be stolen from 
some historical document con- 
cerning the art of a period 
and religion of a character 
totally different from the 
pr^nt one : in fact, every- 
thing save that which should 
l)e in such places of worship, praise and prayer. 
The subject of design as applied to the right use 
of curves, accent, harmony, and other qualities, and 
the ^po^iatc treatment of materials, are dis- 
cussed in the article on Design. 

Metals. The number of known metals is con- 
siderable, i^iere being forty-five in all The majority 
of these tire suitame in otie form or another for 



made of brass and silver is usod. 

In iron work by welding and brazing. 

In iiewtcr, lead and tin and 
aluniinium by fusion, nn^l by 
pewter solder. 

Nickel by silver solder. 

All metals can lie screwed, 
tied or riveted together. 

That metals differ very 
widely in many resj-jects, and 
that they arc hard and soft 
and of different colour, is 
common knowledge. ThcHt* 
differences can bo modified 
considerably in most cases, 
which enables the worker to 
produce many things which 
otherwise would be impossible. 
Steel is the hardest metal If 
is made from iron by intro- 
ducing carbon into it while in 
a molten condition. But if 
can be made into a soft, 
pliable, or rigid metal according 
to the different properties of 
carbon and iron, or as britth* 
as glass by different appli- 
cations of heat and methods of 
cooling afterwards. Possessing 
this remarkable quality it has become the most 
useful of all metals. Copper is the next most 
useful metal Tin, lead; and zinc <016 largely used 
when mixed with other metals or applied to them. 
Gold and silver, besides being the most beautiftd. 
are among the rarest metals found in the earth, nnd 
this prohibits them from being more generally em- 
ployed. Otlier metals such as cadmium, \ ana^knn, 
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palladium, nickel, mercury are imtarnishable metals 
of a silvery quality, which are usually applied to 
other metals for their reflective qualities, and for 
the i)rot€K;tion of others the surfaces of which 
would otherwise rapidly deteriorate through 
chemical change caused by tlie atmosphere. 

Processes in Metal«work« in the mani- 
pulation of all metals, the same processes are 
employed. The main difference in treatment lies in 
the size of work and the quality of handling. In 
the precious metals, gold, silver, and platinum, 
the handling should bo kept fine and delicate accord- 
ing to the size and preciousness of the material— 
consequently the tools [IJ are small and minute, 
whereas in making wrought iron they are, com- 
}>arativoly speaking, of enormous size. The hammers 
and punches, the drills and stocks, the stakes, 
mandrels and files are naturally regulated by the size 
of tlie work. So that here wo shall describe the pro- 
cesses in detail common to all, in reading which it 
will bo necessary for the student only to think of 
his material — cither copper, iron, steel, gold or 
silver — to understand the matter rightly. All metals 
can now be procured in the sheet, bar, rod, or wire 
of almost any dimensions. Most of these arc i)ro- 
pared by machinery to-day, and arc as perfect as is 
necessary for all intents and purposes. The method 
employed in making shoot metals is as follows : 

An ingot of the metal is cast measuring and weigh- 
ing the proportionate amount to the sheet reejuired. 
Tin's is hammered into a flat })ieco, and after annealing 
it is placed between the steel rollers of the rolling or 
flatting mills [2J, and then rolled, the size being 
gradually reduced by the tightening of the rollers to 
the gauge decided upon. 

The gauge is a flat piece of steel about J in. thick, 
ntid having nlong both its edges a scries of slots 



with a number marked below each for the pur- 
pose of quotations and reference, as seen in the 
illustration. There are two gauges in general use 
in this country, which causes ^eat inconvenienoe 
owing to the frequent misunderstanding of the 
numbers quoted, so that it is highly necessary to 
state the kind of gauge which is referred to in an 
order. The names of these gauges ere “Metal 
Gauge ** and “ Birmingham Wire Gauge.*’ 

Sheet Metal. Sheet” iron, copper, brass, 
gilding metal, are sold in sheets of varying dimen- 
sions, the most general size being about 4 ft. by 
2 ft. Hie limit is according to the size of the rolling 
mills. To Mr. Sherard Cowper Coles we are indebted 
for an improvement in this limitation of size as 
regards copper inasmuch as by electrically depositing 
copper upon a cylinder a much greater size is reached 
and greater saving in the cost of production. 

Annealing. Annealing is a word used to de- 
note the process by which a metal is softened to 
its normal state after it becomes hard through bond- 
ing, torsion, hammering, rolling, or through any 
process which involves the pressure of the particles 
of metal upon each other. Fine gold, fine silver, 
lead and tin do not become hard by hammering, 
but alloyed gold and silver, nevertheless, become 
hard enough to require annealing. Each metal requir- 
ing annealing is subject to the following treatment. 
It is first made hot, and kept hot equally all over, if 
possible, for a few minutes, and then allowed to 
cool gradually. In the case of steel it is necessary to 
arrange so that it cools very alowly , protecting it from 
the air while so doing. Other metals do not require 
BO much care, but brass, low carat gold and standard 
silver should never bo cooled rapidly by plunging 
into cold water, as may be done with copper. 

Cutting. For all the soft metals — gold, silver, 
copper, tin, lead, nickel, iron and braos — if of an 
ordiiiary thickness a pair of steel shears or cutting 
pliers, or a metal-saw or fret-saw [3] is used for 
cutting. Shears can bo bought either curved or 
straight, and suitable for cutting with the left hand 
or right. Metal-saws of almost any size can also 
be readily obtained. For cutting hard metals or 
thick metals, steel chisels are used. The angle at 
whidh these are sharpened is a very wide one, in 
order to keep the strength well down to its cutting 
edge, and they are tempered to a straw colour. 
Fret-sawing is done by mnt drilling holes in the 
various parts to be cut out, and then passing the 
saw through, fixing it firmly in the frame, and 
sawing in the usual manner, keeping the saw at 
right angles to the sheet of metal. 

Tempering. Although tempering belongs par- 
ticularly to one metal only, yet, as it has to do 
entirely with tools, we must describe it here. The 
first thing in making a steel tool is to soften the steel 
by heating it to a pale rod and allowing it to cool 
very gradually j ana then, when cold, to file it into 
the desired shape if a straight tool, such as a chisel, 
and if for a curved tool, by bonding it while red hot. 
Then, to temper it, the steel is hardened by heating 
it again to a pale, red colour and plunging it into 
cold water. After this, one side is cleaned by 
emery cloth, and then a blowpipe flame is anpli'^t^ 
to within an inch or half an inch, as the case may be. 
until this part appears blue and the tip an orange 
co^oui. The moment this is reached the tool is 
plunged once more into cold water to arrest its 
further progress of softening. Now the tool is hard 
where it is straw odour, but not brittle, and tou^ 
where it is blue, yet not soft enough to bend while 
being struck. Swords are temiiered in the same 
way. 
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Drilling. In order to fix some parts of metal 
work together it frequently happens that they can- 
not be brazed, soldered, or welded together. In 
such cases the parts are held together by rivets or 
screws. Before any of these oj^rations can be per- 
formed the separate pieces must be drilled [ 4 ]. Now, 
drilling is done either by means of a drill rotated by a 
bow, or fixed in a stock, or by a chuck placed in a 
lathe. A complete set of drills can be obtained 
from any silver or copper warehouse. The whole 
operation of drilling is a very simple one, as it entails 
merely the fixing of the drill securely into the breast- 
plate if a bow is used, or into the stock or chuck, 
and causing it to revolve rapidly upon a given 
point. Drilling is aided by the audition of a little 
oil placed at the xmint of the drill for soft metals, 
mid of soapy water for steel. 

Soldering and Brazing. Soldering and 
brazing are identical in their process, which is per- 
formed as follows : The two surfaces arc cleaned 
thoroughly either by filing or scraping or rubbing 
with emery paper, and when these parts are tho- 
roughly clean the pieces of the metal are bound 
together with wire or held in position by clamps, 
or are fixed in fireclay or upon other stouter pieces 
of metal, and then the parts to be soldered or brazed 
are painted with borax dissolved in water, and tb« 
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solder is cut into small pieces, which are placed 
aloqg the boraxed parts. When this has been done 
the whole is subjected to a red heat produced by a 
gas blowpipe [5]. In the case of small work, such 
as jewellery, a mouth blowpipe is preferable ; but 
for large work a large blowpipe with a foot bellows 
is usccl. 

Wire«drawing. The process of wire-drawing 
[6] is performed by means of pulling the wire tlirough 
a regular series of holes pierced in a hard steel- 
plate by tongs. This plate is called a draw-pUUe and 
the tongs draw-tongs. As the metal wire becomes 
very hard and l^ittle in the process of drawing, 
it is necessary to anneal it repeatedly and to us© 
a little oil when passing it through the plate. 

Hammering. The methods employed arc 
jp^tioally the same as have existed from antiquity. 
They oonsisC of first raising the metal from the back 
and then finishing it from the front. The softer 
metals only are used for the purpose of making 
objects such as cups, tazzas, bowls, vases and other 
articles of a similar form. The tools employed are 
those of the most primitive yet efi^tual character. 
Th^ are hammers of various kinds [8], as shown 
in the illustration, the size of which is naturally 
governed by the size of the object. The long-headed 
hammers are used for raising and drawing in the 



8. HAMMERS FOR ART METAL WORKERS 
O ami H are plnuisliing hammorg ; the lemaiiuler aro for 
raising, “ blocking out” and “drawing in ” 


metal, and the short, flat ones for finishing and 
planishing, as it is called, with stakes, innndrels, 
angle wires, tee-pieces, etc. 

The detailed process of raising and drawing of n 
silver bowl, such ns the one in the illustration, is as 
follows : 

Cut your piece of metal from a flat sheet No. 18 
metal gauge. Measure the edge of the design from 
the centre of the base of the bowl to its ccige, and 
allow a quarter of an inch for cutting nnd filing 
this true at the end of the operation. Then strik<‘ 
out on your silver a circle, with this as the radius, 
with a pail* of steel dividers. When this is done 
cut it out with a pair of shears, and then place it upon 
a block of wood, similar to that used by a butcher ; 
M’ith n hammer made of buffalo horn strike it in a 
series of circles, with regular blows, holding the 
silver at an angle of about 26® to tlie block [7J. 
It is bettei* if the block is slightly concave. Th?>n 
anneal it. After it is cool, take the silver again, and 
by liolding at nn angle of 30®, repeat the pro- 
cess of hammering again ; and so on, until it is 
raised into a shaUow saucer. After it lias been 
annealed and pickled, turn it over on to a stake 
of this shape, and strike it on the outside in fi similar 
way [9J, turning it slowly with the left hand as you 
hammer it. 

The important thing to aim at is to direct each 
blow upon the part which is immediately in contact 
with the stake ; ouch blow should produce a clear, 
sharp, metallic ring, and in this way the silver is 
stretched into the shape of the stake, which should, 
of course, be the shape of the cup at some part or 
another. From this it will be gathered that tlu' 
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Ktakes required [10] are considerable in number, as it 
is obvious that each section of a given bowl should 
have its corresponding stake upon which the metal 
can l>e. beaten into shape. When each con^iplete 
course of hammering has taken place, thfj-silvep 
must be annealed apd carefully cleaned. V-Fhph thp 
o))cration of planishing completes the process. 
It is exactly the same as other hammering, except 
that it is performed by a short, flat-headed hammer, 
with a polished face. From- its lowest partnip to the 
rim the cup' is slowly and thoroughly .-beaten with 
it until all oth^r hanimer marks are erased, hnd a 
regular faceting of the surface has been given to it. 
If it is perfectly done it should not require to be 
polished afterwards. 

The above description will apjdy equally to the 
raising of any forms in any metals. Such h;ietal8 
as nickel and steel are naturally unsuitsble .for this 
work, as they are too hard. 

Embosaing, Repouaae* 

Chaaing. Emhoaaiiijg and 
cruising arc terms applied t o the 
methods of enriching an object 
in metals by relief, produtwd 
tlirough beating it with punches 
which are struck by a hammer 
first fi*om the back to raise parts 
and then frofu the front to sink 
others, and to finish the raised 
parts, 

IMie simplest form of embos- 
sing is done upon a lead block, 
ana for large, simple decorative 
wrought work it is quite suffi- 
cient. But the finer kinds of 
“repousse’* or “embossed” 
w'ork [11] are done upon a com- 
position of pitch, plaster and 
oil. The great drawbat>k to this 
composition is the amount of 
time taken up in fixing the 
]ilate to the pitch, and taking 
it oti and re-cleaiiing it. But 
there is no other comjiosition 
half so good. The tools are 
made from square steel rods, 
which are cut into lengths of 
d in. or 7 in. each, shajHjd at 
the ends according to the re- | 

(juired line or relief. They are 
entirely deiiendont upon this H. metal kepc 
and the size of the curves, or fourtbentB CENT 
parts in relief for their shape. 

'rhey are tempered straw colour at their ends. The 
number of tools of this kind that a chaser possesses 
is, as a rule, very great. As many as 150 are often 
rctiuired if the chaser does a great variety of work. 
Then he has small riffles, which arc pieces of steel 
having at each end a little curved or flat tong of 
a file, cither coarsely or finely grained. It is a 
method of work which is capable of giving great 
beauty and richness to metal surfaces. 

After the desim has been drawn or transferred to 
the back of a sheet of metal it is traced — that isi 
gone over with a flat blunt chisel-shajwd tool, 
which is struck regularly with a chaser’s hammer 
while the tool moves slowly along the line. The 
))arts which or© to be raised are forced up in the 
same manner with larger, rounder', faced tools 
of the same convexity as that part of the relief. 
This is repeated, using different s^^it^ble 'to^s^until 
the whole presents from the other side a roufl||^- 
embossed relief. After it has been removed Ifom 
the ])itch and cleaned, the back now requires 
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to be filled with pitch and placed upon a pitch 
block, or bowl, as the case may be. And the 
surface is improved by. the gradual smoothing 
and finishing with punches. . Here parts are 
made sharper and clearer, and there more soft 
and delicate. In 12 and 13 are illustrated some 
early specimens of art metal produced by these 
processes. 

Casting. The central principle of casting, of 
which an example is shown in 15, consists in 
making a mould and then pouring metal Jnto it, 
• or dejmsiting by electricity. There are thr^ ways 
. of doing this, properly speaking-^by sand,' by “ lost 
iwax” (”cire perdu or ” oera ptjrdiita ”) or by 
•electrolytic de{X)sition. . « 

The first is carried out by making 4 piece mould in 
wet sand from a plaster of wax model, and then 
the parts are firmly placed together in an iron box. 

The whole sand mould is dried, 
and the metal,, while in a liquid 
state, is poured into it. 

The cire perdu, cent perduta, 
or lost wax method, differs 
widely from the above. It is 
briefly performed as follows : 
After a plaster mould has 
been taken of the original 
model in beeswax, with the 
feast amount of rape oil added 
to soften it, together with a 
little colouring matter, it is 
pressed into it, thus giving a 
model in pure wax. A core 
is inserted of brickdust and 
plaster, and on the outside a 
very solid muss of the same 
composition is put. Upon the 
model rods of w'ax are set on 
its prominent parts, passing 
u]) through the outer mould. 
After the whole mass has been 
subjected to a continuous 
regular heat for some time, 
during which the mould has 
been drying and the wax run- 
ning out, the metal is poured 
into the main duct, from which 
it is carried through the other 
ducts on to the mould. By 
this means the whole thing is 
J8SE SHRINE OP practically reproduced as in 
FRY WORKMANSHIP original, as the metal now 
occu])ies the exact position of 
the wax, as though the wax had been transformed 
to metal. Further details of casting will be found 
in the section on Sculpture. 

Electric deposition is simply the deposition of 
copper or silver or gold into a gutta-|>ercha or 
. vulcanite mould, which is immersed in a bath of 
solution of sulphate of copper. 


Spinning and Turning. Two modern 
methods, which are closely allied in their pro- 
cesses, are spinning and turning. They are 
mechanical methods, and are to be decried for 
many reasons, the most important of Which is given 
at the beginning of the introduction. Yet it is 
necessary and advantageous to know how to 
accomplish a piece of true spinning and turn* 
ing — for this reason, that there are frequently 
parts of an object in metal which have to 
oe exactly . fitting and corresponding to other 
parts in their oonstniotion, so that they can- 
not be so well or quickly done by any other 
means. Examples of the method of making 


Two modern 
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various objects will bo illustrated and described 
in detail. 

Spinning is n inctlio<l which achieves the .same 
result upon a piece of sheet metal as is produced by 
hammering. The manner in which this is per- 
formed by hand without the aid of power i.s as 
follows. First a sha])e, in its simplest contour, 
resembling that of the bowl, cup, or other object, 
is turned in a hard wood, such as box, beech wood, 
or mahogany. Upon this the metal is securely 
Used, with its centre placed exactly against the 
back- centre of the lathe. Then the “ ^uck,” aw 


then again fixed against the wood, and the 
l>roce8s repeated until the object is finished. 

Turning in metal is similar to any other turning. 
Sharp-edged, chisel-shaped tools are employed, 
such as arc shown in 14. while the metal, solid, 
or hollow, or held securely upon a wooden shape, 
is revolved upon the chuck. These tools cut 
into the metal, giving the required form. All 
the tools mentioned arc, with the exception of the 
lathe, of the simplest possible description. There 
are in large work8hoi)s innumerable varieties of 
most of these, but they are generally such as arc 


the wood shape is termed, 
is revolved, carrying with it 
the metal disc, and while 
revolving, the end of the long 
steel burnisher is pressed with 
considerable force against the 
chuck, the handle forced 
underneath the armpit, and 
the middle of the tool sup- 
jiorted on the slide rest, so 
that the whole weight of the 
body can be used. This is 
aid^ either by the lathe being 
placed as near to a wall as 
would allow a man to put his 
back against, or a leather 
strap fastened to the lathe, 
which goes round his back, 
thus enabling him to push 
with great force the nur- 
nisher upon the metal, and 
so press it down upon the 
wooden shape. When the first 
shape has oeen reached, the 
metal is annealed and the 
wood is taken a further 



for large work and thick 
metal. They are time-saving 
mRchine.s whore a number of 
men are employed, but arc 
too costly for small work- 
shops. The Lathe, however, 
is almost a necessity, for wit h 
it many things can be done 
with ease which oiherwiwe 
would waste the time of the 
.artist craftsman. 

The most suitable metals 
for spinning are gold, copper, 
silver, bra^s, and i>c^^r ; 
and for tuiming, brass, silver, 
and copper. 

Acids. The acids which 
are used in metal- work and 
enamelling are sulphuric, 
nitric, hydrochloric, muriatic, 
hydrofluoric. They ore em- 
ployed for different purposes. 

Sulphuric acidf mixed with 
water in the proportion of 
1 part of acid to ^ parts of 
water, is the most useful for 


stage. Then the metal is cleaning copper, silver, and 

turned a little more into the 18 . eabLT Icelandic chamce of silvbb gold, both before and after 
shape desired. metal is FABCSL’CILT soldering. It cleans the metal 
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in both caHeR, so that in the first place the sokb-r 
runs smoothly, and afterwards it dissolves the 
borax. It is most advantageously used when 
heated to boiling point. The first ojieration in 
cleaning metal — that is, of leaving the metal in 
cold sulphuric acid and water — is called pickling; 
the second is generally referred to as boiling out, 

Nitrk add, or or/ua fortis, is used in the process 
called dipping copper or brass objects. That is, 
after a piece of copper or brass has been cleaned 
in jnckte, otherwise sulphuric acid and water, it 
is hold on a copper wire and dipjjed into a bath of 
aqua fortis, which is conimereial nitric acid. For 
most dipping it is su£^cient to use it below the pure 
state. Dipping is a term given to the process of 
sudden immersion and removal from the bath, by 
which a brilliant surface is given to the metal. 

Hydrochloric, or aqueous sulphuric acid, is some- 
times preferred by goldsmiths for cleaning gold 
and giving it a yellow colour, as it dissolves the 
alloy of copper. It is jilso occasionally used in 
cleaning copper, particularly when it is to bo 
electro-gilded afterwards. The Uiost general use 
to which it is put is in what is termed soft 
soldering,” that is, soldering with pewter solder. 
For this purimse the acid — or, as it is popularly 
called, spiritfi of salt — is killed by dropping partieles 
of zinc into the acid, 
which is (hen ])ut upon 
the parts to be soldered. 

u^qua regia is a mix- 
lure of hydrochloric and 
nitric acid. 

Muriatic acid is largely 
used in colouring gold 
articles. 

H y dr o fluoric acid 
attacks any kind of 
enamel or glass. It de« 
composes the silicates, 
which arc the chief parts 
of glass. For the pur- 
pose of removing any 
portion of the surface of 
enamel, or for dissolving it entirely, this acid is 
the only one which can be employed. It is a very 
dangerous acid, and sliould boused with great care. 

Polishing. If a surface of metal be rdiiigh 
through filing, the method of smoothing and polish- 
ing by hand is as follows. Take rough emery cloth 
and rub it all over until the file marks are removed ; 
tlien use a finer emery cloth, in grades, iintil the 
finest is used. After this, take powdered pumice 
and oil, and with a stiff brush scrub it all over until 
a smooth surface is obtained. Then, with a soft 
woollen or worsted material and rottenstono 
mixed with oil, rub it again, when a dull jadish will 
be given. Then, with a chamois leather and rouge 
polish it brightly. To polish in a lathe the same 
jiieans are employed, save that mops, buffs, and 
laps are employed, fixed on the chuck. 

Rurniahing. By the use of a burnisher, 
either of steel, Iiomatite, or agate, a still higher 
degree of polish can be obtained. Burnishers are 
made in all kinds of shai^es to meet the require- 
ments of the article to be burnished, and are used 
with a little soapy water. Continual light rubbing 
in various directions, while the object is held 
rigidly in a piece of fine tissue paper or chamois 
leather, produces a brilliant burnished surface. 

fingraving. Properly sjieaking, this art is 
the oBest of all known methods of enri^iug 
metallic surfaces, as it is found in the esMost 
}>eriodfl of the Bronze Age. For with a p<Kted 
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instrument made of hard stone, such as a flint, it 
was found that a line could be scratched or cut in 
the metal. From this to the exquisitely engraved 
work of the Irish Celtic jewellery [16], and later of 
the fifteenth and sixteenth centuries, is, after all, 
a small step in result, yet it took ages in its achieve- 
ment. The great obstacle in the development was 
the tardiness with which the discovery of steel was 
made. From the smelting of bronze to that of iron 
whole periods of the struggle for existence and for 
man’s devMopment passed away. Then, from the 
forging of iron to its conversion into steel, even in 
the most primitive form, necessitated long stretches 
of time in human advancement. The conquest of 
material and the subjugation of natural forces to 
man’s will is a slow one, even when, as now, the 
greatest talent is devoted exclusively to that 
articular direction and aim. When the mind has 
cen taught to rely upon itself for aid, and has been 
slowly but laboriously disencumbered of all the 
wild phantasmagoria inherent to the savage man- 
child, we come to the development when wo can 
go out and obtain in the simplest fashion the steel 
graver of to-day. 

Engraving Tools. Yet no discovery which 
simplifies things for the many is enthely without 
its drawbacks for the individual. The tools 
which, as in this case, arc 
to Imj used directly by the 
hand must be such as 
will suit the hand of the 
o^x^ra tor using t he m . 
Therefore, when you have 
purchased them, the first- 
thing you will find is 
that it is necessary to 
shorten the tools and cut 
the handle to the shape 
of your o>vn particular 
hand. Many engravers 
find it advantageous to 
employ u long handle 
with a small, roundish 
head that will fit into the 
palm of th(^ hand. Others prefer a short handle. 
Agaia, most of the tools, gravers, siutzaticklers, 
seorj)ers, etc., are cut at a too oblique angle for 
metal engraving — which causes the edge to bo 
liable to break. The first thing to do, then, is 
to make the tool and handle fit your own 
hands. If you find it advantageous to shorten 
the tool, you must first of all soften the steel by 
heating it to a pale red, and then allow it to cool, 
after which you file it down, smooth it up with emerv 
cloth, and then temper it as already descrilxia. 
Then sharyxin upon un oilstone (fine Turkey stone is 
the best, and. should always be kei)t clean and 
covered, to protect it from dust). In 8hary)ening, 
take care not to cut the stone into grooves, or you 
will sj)oil it, and it will be of no further use. 

The next thing to do is to fasten your plate, or 
cup, or whatever the object is, firmly upon a 
stick or block, as the case may be. For small work, 
such as a ring or pendant, place some melted resin 
on the end of a round stick, then warm the resin, 
and fasten the article to it. If, on the other hand, 
the object is a cup or large object, fill it with pitch 
and put it upon a pitch block as though for chasing. 
Then hold the arm rigidly, the thumb pressed 
firmly against the plate, and by pressing with 
the back of the hand forward and rotating the htick 
— or block — in a contrary direction as the design 
may require, the line will be cut. It is obvious 
that the tool must cut along laterally, and not in a 



14 . VABIOTJS TOOLS 
A to E- Tools for spinning 

L to Q, ScrtJW-ctiUinj' tools 


F to K. Turning tools 
R, Hack-saw 



downward direction, and it is by constant ixractice 
that this is acquired. The line is then cut deeper and 
bi.oader, according to the boldness or delicacy desired. 

For different 
effects the lino 
cut hollow, 
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(mrved, V-shaj)ed, 
or flat ; for each 
of these the tool 
must be accu- 
rately made. It is 
a good thing to 
practise cutting all 
sorts of curves by 
different gravers 
and comparing the 
result, and then 
examining the 
Ijest work through 
the knowledge 
thus obtained. 

For damascening, 
niello, and enamel- 
ling the same pro- 
cess is employed, 
with this sole diffo- 
tence, that the 
parts in which the 
gold or silver is to 
he let in the steel, 
as in damascening 

— or the sulphide of silver and lead to be melted 
in as in niello, or the enamel fused in the spaces 
cut out as in champlev6 enamelling — the parts are 
ut much dccjx^r than is the ease _ 
tor engraving simply. These latter 
fjfocessos will be described under 
their proper headings. 

Engraving, on a small scale, 
either for gold, silver, copper, brass 
or iron is invariably done by the 
unaided pressure of the hand 
holding the graver. But for large 
work, such as memorial brasses 
for inscriptions, hammer and 
chisels are used. In this case the 
chisel is held in ^lo left hand and 
struck with a laser’s hammer, 
much in the same way that re- 
pousse tools are used, save that 
instead of beating the chisel while 
holding it at right angles to the 
surface of the metal as in repousse, 
the chisel is held obliquely at 
about an angle of 4.5°. Little 
pieces are Halted off at about 
every third blow. Another method 
is proptJrly described as etching, 
but it is often erroneously referred 
to as engraving by acid, and does 
not come into this category. 

Dle«sinKin^« Die-sinking is 
very intimately connected with 
engraving and carving. Caving is 
very rarely done, as metal does 
not yield to such treatment as well 
as to other methods described. 

But die-sinking is one of the most 
common of the operations to which 
metals are subject, and it is at the same time a 
distinct method so that it requires adequate 
description. It is generally used in striking medals, 
coins, badges, or other articles in bronze, copper. 

Continued 
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silver, or gold, in which fine detail i» required, and 
where the work is to be reproduced many times. A 
block of steel is used. It measures across the face a 

little more than 
the ])iece to be 
striu’K, and deep 
according to the 
size of this fa(*e, 
in order to with- 
stand enormous 
pressure. Then, 
upon this prepared 
surface — that is, 
a |ierfectly true 
smooth surface — a 
mould is carved 
with steel chisels, 
graver‘< and riffles. 
A very careful 
model is made in 
plaster, and is 
then copied in the 
steel. It is a work 
which requires the 
greatest k n o w - 
I^gc of the use 
of tools, as well 
as the most care- 
ful concentrated 
effort. A really fine 
knowledge of form 
and modelling is absolutely necessary. While the 
process of carving or die-sinking is in progi-css, wax 
impressions must be repeatedly tiiken in order to 
see how the work is going on. 
When it is complete, the surface 
must be tempered, and upon this 
being satisfactorily accomplished, 
the die is placed in a press, or 
underneath a heavy bolt, raised by 
a pulley and drop})ed, and the 
metal disc is struck. If the die 
is not proj.)erly annealed and tem- 
pered it will crack in this process. 
The metal disc ajso must be of the 
softest description and carefully 
annealed. 

Niello. Niello is an inlay of 
an amalgam of silver, lead, and 
copjMU*, in the proportion of 12 parts 
of silver, two parts of cop|)er, and 
one of lead, to which is added 
powdered sulphur in excess, while 
the mixture is in a fluid state in the 
crucible. This is pulverised when 
cold, and into the engraved parts of 
silver, gold or copper the powder is 
placed. But before doing this it is 
necessary to apply a little borax, 
and run it well on to the engraved 
parts, then the jMDwdered amalgam 
is shaken all over the metal thickly 
and baked. After it is withdrawn 
and tlie defective parts mended, 
the whole is rubbed down with files 
and emery, and finally polished. It 
was at one time very largely used 
upon silver. A considerable amount 
is still done in Italy and Spain, but 
it has never been very much in request in tingland, 
probably owing to its absence of colour. The 
at examples are the altar frontals at Pistoria 
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and at the baptistery at Florence. 
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Man Must Live Not for Now Only, but for Ever. A Fair Field and No Favour 
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for Truth. Factors that Mould Society. The End of the State is Liberty for All 


By Dr. C. W. SALEEBY 


MATURE’S rule has always been “a fair field 
* ^ and no favour.” Let the strongest and the 
fleetest win ; whatever can survive may survive. 
But there is to be no shrinking from the contest ; 
“ natural selection is the dread ordeal which must 
be passed by every aspirant to existence.” It is 
a law at once benign and terrible. The conditions 
must be the same in the battle of ideas. W e must 
liave a fair field and no favour. “ Established ” 
ideas, whether they l>e those of established 
Churches or Royal Academies, or Royal Societies, 
or the House of Lords, must come out into the 
open. If they are right they will win ; and if they 
are lies, is not an established lie the worst of lies V 

No Quarter for a Lie. This trans- 
ference of the plane of struggle has a definitt* 
interest for the n^oralist. Though natural 
selection acting on the physical plane is 
Ijenign in the last resort, yet it is terrible. 
Nature has no mercy on the unfit, and they 
the of murder, cannibalism, or starvation. But 
Avhen the battle is transferred to the plane of 
ideas, this terrible aspect of the defeat which is 
always implied in victory is found to vtmish 
completely. Suffering now accrues only to those 
Avho will not bend the knee to the truth. As 
for the beaten and exposed idea, it is not a 
sentient thing, but an abstraction, and it cannot 
suffer. On the plane of the physical there is 
good cause for some mercy to the defeated, even 
though their defeat is a necessary condition of 
progress. But on the spiritual plane there is no 
need for mercy at all. It is a misplaced tender- 
ness, then, that would deal gently with lies. Ix>t 
them Ixj gibbeted as such ; it does not “ hurt ” 
them, and it is in our highest interests. Let the 
fight be fought without mercy and without 
quarter. lict our motto be “ No quarter for 
lies.” Tliis is no place for mercy. Lightly 
to estimate a lie is lightly to e.stimate thie 
truth w'hich it l)olies. But in this great struggle 
to which w^e are all called we must distinguish 
between the idea and its personal champions. 

Error !• Not Sin. No better illustration of 
the principle which we are trying to express can 
Iac found than in the Avell-knoTO saying that “ God 
hates sin but loves the sinner.” There is to be 
no quarter for lies, but we are not to confound 
the lie w'ith him who mistook it for the truth. 
Wo are doubtless in the same case ourselves 
as to many of our beliefs. It is not immoral 
morally to hold an immoral doctrine. At one 
time, when first there began that gieat battle 
of ideas which is the great fact of our time, it 
was held that the holding of a false belief was 
the act of an evil will : “ Error is sin,” “ Bisl^ 
Martensen once de^clared that the only explanaypi 
of the defection of men like Kant, Jacobi, Schincr 
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and Goethe, from the doctrine of the Cliurch was 
that in the depths of their hearts they enter- 
tained an antipathy towards the lioliness of the 
Godhead.” On the contrary, we must combine 
with our w^arcry, “No quarter for lies,” a recog- 
nition of the imperfection of the human mind and 
the humility which knows that even a Newton is 
only a child picking up pebbles on the shore of 
the ocean of unplumbed and illimitable truth. 

The Search for Truth. Says Herbert 
wSpeneer in his great discussion of the rec^onciliation 
lietwcen religion and science ; “ In proportion as 
w'e love truth more and victory less, we shall be- 
come anxious to know what it is which leads our 
opponents to think as they do. We shall begin 
to 8usi)ect that the pertinacity of belief exhibited 
by them must result from a perception of 
something we have not perceived. And we shall 
aim to supplement tlie portion of truth we have 
found with the portion found by them.” 

If the reader asks whether we are straying 
far from sociology let it be answered that, on 
the contrary, w'e are at the very heart of our 
subject, for w^e have been endeavouring to 
discii.HS, upon the basis provided by the solid 
ground of Nature, those great principles w:hieh 
underlie all the possibilities of social progress. 

The reader remembers the great quotation 
from Wordsw'orth, of course : 

“ To the solid ground 

Of Ntttme truata the mind which builds for ayo.*’ 

If use tlie great names conservative and 
liberal in senses worthy them, so that 
they are really capable of analog 3 r with heredity 
and variation, w^c may distinguish in society 
certain forces or institutions or individuals 
who stand for perpetuation, and others who 
stand for innovation. In general terms, 
then, we find that the most vigorous and active 
years of life display the tendency to liberalism, 
or variation, w'hilst old-age displays a tendency 
to conservatism, or to the perpetuation of what 
is alreacfy established. 

The Conserratiem of Old Age. Tliis 
conservatism of old age is, needless to say, an 
extremely valuable complement — the old man 
would say antidote— to liberalism, the openness 
of mind, the readiness to aooept the new, which 
is mc»re characteristic of youth. It is worth 
noting that the conservatism of old age, which in 
a mair 8 second childhood is extremely marked, is a 
return of the marked oonservatism of childhood 
itself. There is no more conservative society 
than that of a school. It may also be 
noted that in primitive societies, corresponding 
to the childhood of the race, conservatism 
is the “ rule — ^the lawrs of custom being 
laws of iron. Whilst saying these things we 
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muftt not underrate the value of the reason- 
able conservatism of elderly men and women. 
These constitute by far the most valuable con- 
servative forces of society, for they have had 
experience, which means that they have gone 
some way at any rate towards proving all things. 
On the other hand, government by grey-beards 
without its complement, the influence of youth, 
has always proved itself disastrous. In an 
ideal society, where aD men are philosophers, 
youth and age will perfectly understand their 
respective tendencies and will perfectly under- 
stand that the best results follow, not when 
youth has its way, nor yet when age has its way, 
but when the tendencies of the two are combined 

The CoMervatlem of Women. Turning 
from individuals to the sexes, we must recognise 
that, on the whole, men constitute the liberal sex 
and women the conservative sex. Women prefer 
to make the best of existing circumstances and 
customs and to insist upon their good points, 
whilst, on the whole, the male tendency is in the 
other direction. As a sex, women are certainly 
less apt than men to accept the new for the sake 
of its novelty. The Athenians who were con- 
stantly desiring some new thing were not 
Athenian women, but Athenian men. Now, 
just as Nature with her amazing wisdom makes 
provision for a due supply both of conservatism 
and liberalism by means of the respective ten- 
dencies of youth and old age, so also does she 
make this provision by means of the respective 
tendencies of the two sexes. Very conspicuous 
amongst the consequences of the conservatism 
of w'omen is their adherence in all places and 
ages to Established religion. This is a demon- 
strable truth of history of the most marked and 
salient kind, and it is by means of their support 
of Established religion that women at all times 
have most potently exercised their conservative 
influence upon society. 

The Chief Conservative Force in 
Society. For now wo must recognise the most 
important sociological truth — that the chief con- 
servative force in all societies is the Establislied 
religion. If wo ignore the relative values and 
qualities of different religions and simply look 
upon Established religion — whether Fetiohism or 
Buddhism does not now concern us — as a con- 
stant social fact, then we may fairly argue 
that the most important and characteristic 
function of ecclesiastical institutions in general 
is the conservative function. In all Estab- 
lished religions we find the uniform conser- 
vative characters. “ Eveiy religion insists 
upon the peculiar authenticity of its origin, 
and the essential finality of its pronouncements. 
The official exponents of every religion have 
ever3rthing to gain and nothing to lose by con- 
servatism. Every religion inclines to teach 
that it has already proved all things, and that 
nothing remains save to hold fast to that which 
it has proved to be good and tiue. Every religion 
goes even further. It invents a special name 
for variation, and, on the assumption that, 
perfection having been already attained, all 
variation in belief and practice must be bad, 
it calls such variation heresy, and condemns it 


outright. Whenever it has the power it suppresses 
the heretic, if possible, with such accompaniments 
as will serve * pour encourager les autros.’ B'ut 
the founder of every religion was a heretic, 

^tabliahed Religion of Society. 
If we attempt to look upon the conservatism 
of ecclesiastical institutions in a really judicial 
way we shall recognise that, despite its 
evident evils, it has served great purposes. In 
various times and places it has made for the 
strength and persistence of societies. It has 
help^ to give them that internal unity which 
has made them strong against external foes. 
Much, indeed, might be said, if space availed, 
in proof of the proposition that the conser- 
vatism of Established religion has been of value 
in the progress of society. In the present 
writer’s judgment there is one most con- 
spicuous instance of this. It is furnished 
by the Christian Church in its patronage and 
support of the fundamental social institution 
of marriage. Here is a case where “ that vrhich 
is good” had already been proved good by the 
action of natural sctection through many past 
ages. The Christian Church, in due accordance 
with the conservative character which is common 
to all religious systems, high or low, has persis- 
tently held fast to that which is good in the 
instance wc are considering. When the time 
comes to estimate the services and the disser- 
vices of ecclesiastical institutions in general, 
recognition will have to be paid to the incal- 
culable service rendered by the Roman Catholic 
Church during many centuries by its patronage 
of marriage ; and the true man of science will not 
hesitate to pay his tribute even to ecclesiastical 
conservatism acting upon intellectual progress. 

The Greatest Battle in History. For 
what, when wo come to think in terms of principles, 
is the explanation of the age-long conflict between 
religion and science — a conflict which has always 
been of great sociological interest, and which, in 
the present day, is perhaps the most salient 
of all sociological facts ? Is not the answer that, 
while religion is essentially conservative, science 
is essentially liberal ? 

We have already contemplated the organic 
world and its history as the theatre of an age- 
long, bloody, and yet ultimately benign struggle 
between the representatives of the tendency 
to persist and the tendency to change. We have 
already seen cause to think that human society 
is also the theatre of one and the same conflict, 
and further, that, as in the older case, the issue 
of the conflict will determine the future. Now 
it is in the conflict between Established religion 
and science that we see the old struggle still 
waged, though now in its highest and most 
important form. Man is essentially a spirit, 
and not a muscular machine. The essential 
struggles of man, the essential struggles of 
human society, are therefore no longer 
mechanical or muscular but spiritual, and it is 
in the .struggle between Conservative Religion 
and Liberal Science that wo see the battle 
of ideas fought on a scale and with consequences 
which constitute it the Armageddon — the 
supreme battle — of all history. 
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On which aide would you have ua range our- 
aelves? the reader may ask. And to this there is a 
sure answer. If our analogies mean anything, if it 
was worth while to study heredity and variation 
in sub-human life, if all that we have been 
saying hitherto is not nonsense, the answer 
is that w'e are to range ourselves on neither side. 
Not because we do not care, but because we 
are beginning to get a perception of a whole 
truth, and can no longer shut our eyt^s and fight 
to the death for half truths. Heredity and 
variation are both necessary. Conservatism and 
liberalism are both necessary. Each without 
the other would mean disaster; each is a half 
truth. 

Half Truth is Not Truth. In all time 
the battle has been fought between those 
on either side Avho. so to speak. Mieved 
that the half-truth w as the whole-truth, and the 
upshot has l^een that the strong and w^hoUy true 
thing has ever tended to emerge, and having 
emerged, to persist. Noav there are those to-day, 
as in the past, who still rank definitely on the mie 
side or the‘ other. There are living ecclesiastics 
who say that they cannot let go one w^ord of 
the Bible or else the whole must go. Of all 
conceivable forms of “ unl)elief ” this is surely 
the most lionible. On the other side are those 
who would utterly abolish all Established 
religion and all religious beliefs. For such men, 
whether of the one party or the other, their 
|X5rccption of even their half-truth is so imperfect 
that nothing better can happen than their 
mutual destruction, the sjieedier the better. The 
bigoted ecclesiastic and the bigoted atheist still 
survive, and though they serve? no great or 
good purpose, at least they may show' us how, 
in the transmutation of the struggle for life 
from the merely physical to the psychical, the old 
metaphor of battle becomes no longer applicable. 
It is applicable to such as these, who, indeed, 
would cnecrfully kill each other if they could. 
But we shall now see that in the higher struggle 
of to-day there is a new' and beautiful metaphor 
whicli W'iJl H'place the old. 

Many Roads Lead to Truth. The 
true metaphor to-day, we think, must be derived 
not from the idea of bat4le, but from the idea 
of marriage and parentage. Battle was no 
metaphor, but the literal truth, so long as the 
struggle for existence was physical and resulted 
in the survival of the physical. Now that the 
struggle for existence has been transferred to the 
plane of the psychical, the idea of battle is 
applicable only to contests between absolute 
truth and absolute falsehood. But reasonable 
persons now'adays, influenced by the great idea 
of toleration, are coming to see that, whatever 
their opinions, nothing more than approximation 
to the truth is possible for finite man, and to 
truth the many-sided there are many approaches. 
The wise and fruitful view, then, alike for the 
conservative-minded, who see the valuable 
aspects of established things, including religion, 
and for the liberal-minded, who see the neM of 
new things and who can scarcely keep their 
hands off what Hoffding calls “ the dead valu€)|P 
which religions tend to drag about with thmn, 
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is that nobly expressed by Si)encer in a passage 
which we have already quoted. It is the idea of 
union consummated between the truth partially 
perceived by one type of mind and yet another 
truth partially perceived by another, the fruit 
of such a union being a yet higher and deeper 
truth that neither side could formerly perceive. 
Thus, at last, we may be “ led into all truth,” 
and so attain the goal of the mind of man. 

The Factors of Progreee. And this, 
to our mind, expresses the highest worth of 
the principle of toleration. It is not merely that 
the practice of toleration removes from society 
its most appalling evils, such as religions perse- 
cution and the wars of religion, but it makes, 
as no other condition can make, for our ad- 
vancement towards the goal of truth. There is 
scarcely a more terrible revelation than that which 
the mind attains when it asks what point humanity 
would now have reached if throughout merely 
the brief period of recorded history the charac- 
teristic conservatism of savagery had been 
completely complemented by the practice of 
toleration. What is it that has conditioned th(' 
progress which even i*ecorded history demon- 
strates ? 

Certain things may be excluded. There 
has been no advance of the slightest moment in 
the physique or the bodily characters of man. 
Secondly, there has been no advance, or no 
demonstrable advance, in the inherent psychical 
qualities of man. The baby born in the twentieth 
century after Christ would, on the average, be 
neither above nor below the average if it could 
be transferred to a nursery of three thousand 
ears ago. The achievements of the Greek mind 
ave yet to be surpassed ; the present age, 
with its manifold advantages, has not yet beaten 
the Greek record. Indeed, it is beyond dispute 
that all mere biological or physiological reasons 
to explain the recorded progress of the historic 
epoch are lacking. 

Man and His Social Conditions. 

There remains only the supreme fact that 
in each generation some psychical conquest 
is recorded — ^not merely some intellectual con- 
quest but some psychical conquest, whether 
Newton’s “ Principia ” or “Hamlet'’ or the record 
of a noble life — which becomes a permanent 
possession of the human mind and the human 
race. For thousands of past years the inherent 
characters of man, necessary for the winning of 
such victories, have been present. It is to tlio 
social conditions which have surrounded him that 
we must turn for an explanation of the fact that 
we, in this age, have not already reached such 
psychical heights as we may hope for our descend- 
ants of the year 6,000. Organic or ph^roical 
evolution is an exceedingly slow' affair. Hun- 
dreds of thousands of ^ars are necessary for 
the contemplation of the history of definitely 
recognisable man. The period in which pro^ss 
has been made from barbarism to civilisation is 
a mere nothing in the w'hole histoiy of man, 
and the only explanation of its brevity and the 
magnitude of its achievements therein is to be 
found in the development of those oondirions 
which have enabled indi viduals to make psychical 
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conquests and to endow with them not their own 
time alone, but all future generations. 

The New Must Get a Full Hearing. 

For the most rapid advance of man, then, we 
need, primal ily and essentially, the perfect 
realisation of those conditions, of which the 
imperfect realisation in the past has already 
sufficed for so much, though not for a tithe of 
what might have been. This is to say that, at all 
costs and under whatever external form of 
government, we must have a society in which the 
new gets a full hearing, and in which the con- 
ditions for the production of the new are as 
favourable as possible. The new is not good 
because it is new, nor yet is it therefore bad ; 
neither is the old good because it is old, nor 
therefore bad. Wo must prove all things, new or 
old. In a savage society there may conceivably 
arise an observer of nature who would endow 
his tribe with new powers, but such a society 
is not conditioned for the production of the new. 
It promptly kills the inventor as a sorcerer or 
servant of the devil. Again, in such a society 
as that which France witnessed scarcely more 
than a century ago the old, however good and 
true and tried, was condemned simply because 
it was old. Either state of affairs is as fatal as 
the other. 

We are attempting, as the reader observes, to 
encompass an infinite subject in the briefest of 
spaces. Our business, therefore, has been, as far 
as possible, to deal with principles, tliough we pro- 
pose, before closing, to show how sociology must 
attack a definite concrete problem. Wlien the 
choice lay between attempting to expound the 
principles which we have just discussc^d and, on 
tile other hand, attempting a serial study of 
various well-marked forms of government, wo 
could not doubt which to choose. 

We Must Know What We Aim At. 
If wc are to believe in science at all we must liclieve 
in the existence of principles, and if we do so wo 
cannot be excused for ignoring them. We may 
leave to untrained minds the common forms of 
the controversies as to monarchy or oligarchy, 
democracy, the hereditary principle, and so forth. 
This is not that we are so foolisli as to deny the 
immense practical importance and interest of 
these subjects, but it is that, as students of 
science, we entirely repudiate the common 
methods of approaching these problems. It 
must never be forgotten that, as we have pointed 
out, the sociologist has a purpose; he desires 
not only to discover what is, but, with the 
moralist, to discover what ought to be ; and, 
lastly, to discover how what is may be trans- 
formed into what ought to be. Until you know 
what you are aiming at what is the use of argu- 
ments about democracy and monarchy ? 

The truth is that only among the very few 
has the evolutionary idea yet established itself. 
The majority still think of society statically, 
whereas the evolutionist mui^ think of it dyna- 
mically, as he does of every other fact in the 
universe. Society for him is a something which 
moves, which has come from somewhere and is 
going somewhere. The pre-evolutionary thinker 
will take a given nation — a monarchy, perhaps — 


and will inquire whether monarchy “works” 
there. To his eye the jieople seem prosperous 
and contented. Very well, then, he will answer, 
monarchy suits them and is the best form of 
government for them. To the evolutionist such 
talk is the prattle of a blind baby. He knows 
that the static stationary society, though 
it may seem stable, is, relatively to the motion 
of all things, a decadent society. It, too, is 
moving, and moving downwards. The evolu- 
tionist cannot content himself with now. 

Man Has Forever. The true answer of 
the evolutionist, we think, to those who study 
society merely for the present, who do not ask 
where we are going, and who do not realise 
how awful is the difference between what is 
and what might be — even amongst “ a happy 
and prosperous people ” — is to be found in a 
phrase from Browning’s great poem, “ A 
Grammarian’s Funeral ” : 

“ Leave Now for dogs and ai>es ! 

Man has Forever.” 

Man has a future, compared with which his 
now is verily a now of dogs and apes. If there 
bo those who find it in them to be contented 
with any society now extant or already extinct, 
we are not of their number. We have ideals ; 
we have studied the past, not as men read gossip 
nor as they read a new novel, for its “ strong 
human interest,” but because we believe that 
in studying it we may discover principles which 
are no less than the principles of progress, and 
having learnt certain of these principles we 
proposes to keep them st^^adfastly before us in 
studying all contemporary social problems — 
including, for instance, forms of government. 
Furthermore, those principles must be our 
criteria or means of judgment, and we shall 
ask of any form of government, not “Do the 
people like it ? ” not “ Does it please the Chancellor 
of the Exchequer ? ” but “ Does it open or chse — 
doe^ it make broad or narrow — the onward 'way 

The Great Controversy of To-day. 
In the light of these principles, let us attempt 
briefly to discuss the present great controveiay, 
practical and theoretic, between individualism 
and collectivism. Each of these words is capable 
of a good and bad interpretation. They mean 
different things in different mouths. But we 
shall endeavour here to make reasonable inter- 
pretations of both, and to see whether these 
ideas cannot be judged in accordance with our 
principles and whether, also, they do not each 
of them contain a truth, or half-truth, the union 
of which with the other would Ixi fruitful of good. 

It is this controversy, and not the controversy 
between the principles of monarchy and demo- 
cracy, that really concerns society to-day. 
There may have been a time and a place for 
monarchy, but neither is afforded by the pro- 
gressive peoples of to-day. It need hardly be 
pointed out that our own country is a monarchy 
only in name. We shall ignore Russia, therefore ; 
and we shall also ignore Germany, which will 
become a progressive i)eople in any real and 
great sense only when she has done with her 
abominable burden of militarism. We may 
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jconfilio our8elve» to England, France, and 
America — peoples on the whole, despite terrible 
lapses, paciiio and progressive, all alike essentially 
democratic. The common argument in discussing 
these large matters is an argument for and 
against democracy ; but that is' really out of 
date. More especially is it out of date, because 
it concerns itself with the form and not with 
the substance. The mere democratic form is 
not the vital thing. In our study of human 
nature and society have we not seen that oven a 
military autocracy depends upon the will of the 
people who provi^ie their autocrat uith his army, 
thus almost warranting the idea that such a form 
of government is, in a sense, democratic ? The 
really vital question is not the external form of 
government at all, biit the mutual relations of 
the individual society. 

The Two Kinds of Democracy. Thus 
it is possible to have two mutually opposed 
forms of democracy which, though under the 
6ame name, yet offer the most fundamental 
opposition that society can conceivably show. 
When wo ixialise this we shall realise how absurd 
is the current argument for and against demo- 
(sracy, as if democracy v’cre always one and the 
same thing. On the one hand, we may have 
an ultra-individualistic democracy, and on the 
other an ultra-collcctivist democracy. Now," 
these are the two ultimately opposed forms of 
society. The supposed difference between auto- 
cracy and democracy is nothing compared with 
this vital and fundamental difference between 
democracies themselves. 

We may take the United States of America as a 
fairlv tvpical example of the one extreme. There, 
we nna a society which regards individualism, 
utterly disqualified, as the only true social 
principle, toiere lilicrty becomes licence. The 
now certainly gets a hearing ; personal energy 
and initiative are rewarded : but there is jio 
qualification of this principle by its correlative 
half-truth. The individual is allowed, in the 
exercise of his liberty, to destroy not only the 
lil)erty but also the lives of his less able or 
(‘iiergetic or fortunate follows. And the social 
state approaches to anarchy. This is not the 
ideal anarchy of the future, when, liuman nature 
at large having reached the heights which now 
only the few attain, each man will live by an 
iunor law that impels him to serve all others. 


but it is the anarchy of human nature in its 
present state, which is indeed lower than the 
angels. 

The End of the State ie Justice. 

On the other hand, certain parts of America, 
and certain aspects of life in England and France, 
afford us hints of the other social extreme. The 
nominal label, in the case of France, at any rate, 
is still democracy. But we here have forsworn 
labels and label-makers, and may get on to facts. 
In the ultra-collectivist state, which is repre- 
sented now only by a very few barbaric tribes, 
but which played a great part in the early history 
of society, we find the chief character to be the 
absolute rule of all over each. The individual 
is the slave of the society ; he must do as he is 
told for the good of the whole — this invohing 
the amazing assumption that majorities are 
always right. The slave, of course, is a slave, 
whether his master be an individual, a bureau, 
or a mob. And the slavery of the individual to 
the tribe in primitive societies is, we may venture* 
to say, not merely a noteworthy fact of such 
societies, but the explanation of the fact that 
they are primitive. 

How, then, are we to frame the ideals of 
liberty and justice which combine the half-truths 
seen by these two extreme forms of society — 
the half-truth that the individual must be 
allowed to express liimsolf and the half-truth 
that the individual, as we now know him, 
cannot be a law unto himself ? We shall find 
what we desire in the great formula of justice 
laid dorni and magnificently elaborated by 
Herbert Spencer. The end of the State, lie said, 
is justice, meaning thereby exactly what Lord 
Acton meant when he said that the end of the 
State is lilierty ; and justice is constituted when 
“ Even/ man is free to do what he tvills, provided he 
infringes not the eqnal freedom, of any ci/tcr man.” 

The Music-hall Type of Mind. 
The primitive idea of justice is that of aggres- 
sion aiW counter-aggression ; if you have your 
fists free, I may hit you, for cannot you hit me 
back. That primitive notion, which is still 
found in tlie music-hall and in the music-hall type 
of mind, has nearly vanished, and there remains 
the great idea expressed above, which constitutes 
the ideal that selects, recognises, and mutually 

S lements the partial truths expressed by 
ate indiridualism and absolute collectivism, 
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Repaaters. the length of a telegraph 
line jncreaaes it is found that the speed at which 
signals can be transmitted tlirough it rapidly 
decreases. It is, in fact, inversely proportional 
to the capacity per mile, and also inversely pro- 
portional to the resistance per mile, and as a 
consequence the signalling speed varies inversely 
ns the square of the length of the circuit. When, 
therefore, the length of a circuit is so great as 
to reduce the speed below the maximum rate for 
the instruments, recourse is had to the use of 
repeaters — that is to say, the circuit is divided 
into two, and an intermediate instrument intro- 
duced which, on being nlTectcd by the signals 
from one section reposts them to the other, and vice 
vernd. In signalling from London to Edin- 
burgh a repeater is introduced at Leeds, 
and in signalling from London t-o Dublin 
a rex)eater is introduced at Nevin, on the 
Welsh coast. The repeater is introduced 
at a point so that the products of the 
capacity and resistances of the sections 
on each side of it are as nearly as possible 
equal. In principle, it is merely an exttm- 
sion of the relay [see page 5067]. 

Figure 76 illustrates one of the most 
complicated forms. It is a forked 
repeater such as is used at Edinburgh 
on the news circuits already described ; 
the wires from Cllasgow on the west, and 
Dundee and Aberdeen on the north, 
meet at Edinburgh at the forked re- 
l^eater, which is also connected to Ixindon. 

Another repeater is introduced on the same 
circuit at Leeds. As an interesting instance of 
the extent to which repeater working is possible, 
it may be stated that the Indo-Euro)K;aii Telegraph 
CJompany maintain direct Wheatstone working 
between Manchester and Teheran, in Persia, by 
means of 11 intermediate re|>eiiters. 


Eatteries. Until quite recently all telegrapli 
circuits were worked by means of primary batteries, 
and at small offices this is still the case. Three main 
forms have been used — the Danicll, the l^clanch(S 
and the Bichromate. These have already been 
described on page 465. The Daniel! cells were used 
for local circuits — that is, between the sounder and 
the relay, and for such cases as duplex, where a 
constant current is required ; Leclanche cells for 
needle circuits ; and for long circuits, where the cur- 
rent consumption was considerable ^ the Bichromate 
was utilised. In determining the number of cells 
required for a given circuit, allowance has to be 
made for the resistance of the battery, as well as 
for that of the line and instruments, and a formula 
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76. FORKED BEFEATER 

developed from Ohm’s law fsee page 61 ] is usually 
employed for this purpose. It is as follows ; 

" lOOOK - Cr 

where N is the number of cells required, C the 
given current in milliamperes, R the total resist- 
ance of line and instrument in ohms, E — the 
electromotive force per cell 
in volts, r - the resistance 
jier cell in ohms. 

Accumulators. In 

all large telegraph offices 
primary cells have been dis- 
placed by accumulators, the 
change etfectiug a great 
economy in space and in 
cost of energy. Figure 77 is 
a very interesting view of 
the acoumulator-rooni at the 
Central Telegraph Office, St. 
M«rtin’s-le-Orand. It con- 
tains altogether 800 cells, 
and when these were intro- 
duced in 1809, no fewer than 
23,000 primary cells were 
displaced. Accumulalora 
have already been dealt with 
on page 3086. It will be of 
interest to refer to some 
other features of the Central 

5535 





TCLSORArHS 


80. This ia in one of the diviaions, 
and it ia made xip of switch springs of 
the telephone form ~ to be de^rlim in 
a later section. These take Tip leas 
space than the “ U ” link form, and 
permit of greater flexibility. 

Correct Tlme« In 79 is shown 
one of the most interesting features in 
the Central TclcOTaph Office, It is 
called the ckrono^r. One line to each 
of sixty of the principal towns in the 
United Kingdom is carried through the 
set of switches which can be seen 
extending across the front of the board. 
Normally, these are connected through 
to the working sets. At two minutes to 
ten each morning the clock mechanisni 
visible above the switches comes into 
action and slowly presses forward the 
long, horisontal busbar until these 
lines are disconnected from the work- 
ing sets and connected up to the special 
relay visible on the extreme left, which 
is in communication with Greenwidi 
Observatory. Precisely at the hour of 
ten a current is received from Green- 
wich, which aflFcots the time relay and 
sends out currents to master clocks, town 
clocks, and time guns situated at the 
towns aforesaid— as far north as Aber- 
deen, south-west to Penzance, and w^est 
to Waterford. Exact Greenwich tiitoe is 
in this way disseminated throughout 
the kingdom. The same current which 
actuates the chronopher relivy passes *ou 
to Westminster and controls Big Beit. ’ 
For towns other -than those mentioned 
a loss precise system suffices. Six re- 
peating sounders are fixed on the front of 
the chronopher, and they are connected 
rolograph Office, and it may be stated that with various bells in the divisions which strike at 

the Secretary of the Post Office kindly allowed a the hour, so that the telegraphists, who are on the 

special series of photographs to bo taken for alert, can transmit the word ten ” to all the 

this publication. When the Post Office took smaller towns. This same human relay system is 

over the telegraphs in 1870, 230 wires wore led in operation at all the provincial offices, so that the 

into the Central Telegraph Office ; this 
number has now increased to 4,300, and 
special means have to be adopted for 
their proper handling. In 78 is shown 
a section of the basement test frame. 

The. wires ar<j first brought to the further 
side of it, which is not visible in the 
illustration, and arranged on horizontal 
licarers. They pass through this frame 
to the front side, where they are 
soldered to vertical strips of combined 
test springs, lightning protectors, and 
heat coils. These are all numbered so 
that ready access can lie had to any 
wire for testing at this point. The 
wires are then distributed to the various 
galleries, and 81 shows the provincial 
test box on the third floor. The rect- 
angular tablets are of ebonite pierced 
by small brass cylinders, the incoming 
wires are soldered to the rear of alternate 
horizontal lines on th^ Cylinders. The 
cylinder above each line is cemneoted to 
the instrun^i^'Mi on the front of 
the test-board two , 

nected together by the insertion of a 
— “'*‘^i:alw»^ium U ” link, from which 
this 4^^' of test box takes its name. A 
Still later form of test box is shown in 
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chronopher instnimeht may be regarded aa the centre 
of an immense spider's web, along every fibre of 
which at ten o'clock every morning a thrill passes. 

London Intoroommunicatlon Switch. 
Until 1902, the system 
of centralisation and re- 
transmission which has 
been described in connec- 
tion with provincial cir- 
cuits also prevailed in 
connection with London’s 
own intercommunications. 

A tele^am handed in at 
any si^urban office was 
transmitted to the Chief 
Telegraph Office, and, 
after traversing its mazes 
by tube or by hand, 
reached another suburban 
circuit and was retrans- 
mitted. The competition 
of the telephone, with its 
prompt switching and in- 
stantaneous communica- 
tion, made itself severely 
felt, and it became ob- 
vious that means must be 
found to shorten the time 
necessary .for intor-city 
telegraphic communica- 
tions. In accordance with 
modern methods, the tele- 
graph took a leaf out ofl 
the book of its adversary, 
and 'an intercommunica- 
tion switch on telephone 
lines, equipix*d with lamj) 
signals and arranged for 
central energy working, 
was introduced. More than 300 London telegraph 
offices have been connected to it, and others are 
being rapidly added, and as it permits of direct, 
romiiiunication between any two connected stations 
it is obvious that a great saving of time and also of 
staff has resulted from its adoption. 


The Old Metropolitan Dlwlalon. Under 
the old arrangements, the London suburban 

and branch offices, numbering nearly 500, word 

connected to instrument sets forming the Metro- 
politan Division. At four 
“ check ” tables, one at 
each comer of the build- 
ing, the messages wore 
sorted and marked for 
distribution by a staff of 
clerks whoso knowledge 
of London’s geography 
and the corresponding 
telegraphic avenues wa* 
simply stupendous. 

In the year preceding 
the introduction of the 
switch the Metropolitan 
Division had a daily 
average of 102,000 trans* 
actions, of which number 
54,000 were duo to ilio 
reception of 27,000 mes- 
sages /row, and their 
suDsequent transinission 
fo, London offices. Tlie 
new switch aims at 
eliminating the whole of 
these 54,000 transactions 
and at the same time 
effecting economies ot 
time and space and 
plant. 

Provision will ulti- 
mately be made for 300 
switch wires to offices 
which collect only, 050 
switch wires to offices 
which collect and de- 
liver, and 200 circuits for receiving messages will 
be provided, making a total for the switch of 
1,150. 

The Morse sounder system is employed tlirough- 
out, and this has necessitated changes at many 
offices and the training of the staff. 



80 TEST BOX (SWITCH SPRING TYPE) AT 
CENTRAL TELEGRAPH OFFICE, LONDON 






81 , TEST BOX (tJ-LINK TYPE) AT THE CEITTRAL TELEGRAPH OFFICE, LONDON 


*7 
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821 SECTION OF LONDON INTERCOMMUNICATION SWITCH FOR SUBURBAN AND CITY OFFICES 


POST OFFICE TELEORAPUS AND TELEPHONES IN THE 
UNITED KINODOM. 

1901. 1906. 

A.B.r 5,817 4,929* 

Needles, Single and Double . . 4,837 2.103 

Bright’s Bells and Double Plat^ Sounders 1,106 402 

Printers, Simplex 597 363 

Sounders, Simplex 3,699 7,408 

Duplex (exc. of Wheatstone) . . 1,674 1,652 

Quadruplex 350 637 

Multiplex (Delaney) 22 1 

Wheatstone (including Duplex) . . 669 585 

Other Kinds .. 4,003 8.095 

Hughes • .. 112 1P4 

Telephones 12,668 58,472 

Telephone Switch Sections, Test Board, etc. 704t 6,772 

Signalling Bells 1,643 3,110 

Repeaters 151 103 

Total 37,952 93,696 

* Includes 83 Steljes* Recorders. f Switch sections only. 


Circulation Lists. 

It invs also been neces- 
lary to supply to each of 
theofficcB two circulation 
lista, one containing 
names of Htreets, etc., 
and the other registered 
telegraph ic addresses. 
The first of these con- 
tains no less than' 30,000 
entries, and the second 
23,000. Figure 82 shows 


by glow lamps having switch springs above 
them to which circuits are connected. 

Switch Offices. At each of the out 
stations there are a sounder and key and also 
a special key used only for calling the switch 
oi)erator or for effecting a “ clear ” signal 
when finishing. It has a side plunger which 
actuates a star indicator when a call is made 
by its momentary depression. The star indi- 
cation remains visible until the switch operator 
connects her soimder to the wire, when it dis- 
appears. 

In concluding this Telegraph section, it will 
bo of interest to give United Kingdom statis- 
tics for Post OfiBce telegraphs and telephones 
for the years 1901 and 1006. They show at 
once the extent of and the trend of develop- 
ment. Telephones are included, and the 
great increase in the figures in these cases 
and also in those under the head of Under- 


MlLEA(iE OF PUBLIC AND PRIVATE WIRES. SUBMARINE CABLES. AND 
PNEUMATIC TUBES. AND THE NUMBER OF INSTRUMENTS IN THE 
UNITED KINGDOM ON THE 3l8T MARCH, 1901, AND 1906. 


u( Line. 


of Wire. 


iTiuler- 

ground. 


1901 

1906 


42,0881 
- J2! 


47,8621 3,1021 3,6t6| 64,680 


8,133| 


46,4414 

— n 


285,790i 

356,482 


Ctider. 

Krowtei, 

51,8f»U 

318,700j 


11,2674 

18,269| 


348,418} 

687,451} 


PsKUMATic Tubiim.— 1901 : 02} Miles. 1906 : 74} Miles, 


one section for three operators, and there are ten 
such sections. The bottom panels ore ogcupied 


ground is, of course, due to the development of 
the London telephone system. 


Telegraphs concluded ; followed by Telephones 
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NATURE AS A DOCTOR 


Group 25 

ILL-HEALTH 


lU-Health and its Symptoms. Nature’s Efforts to Keep Us Well. Symptoms 
and Treatment of Disease. False Systems of Treatment Remedies 


By Dr. A. T, 

shall, in due oburse, speak of the general 
features of disease, and go at some length 
into the various causes that produce it. We 
shall here consider the sympttyins, the diagnosis^ 
the prognosis^ and the ireattnent of disease from 
a general standpoint. 

The Symptoms of Dlaeaae. In the 

first place, there is no means of telling that 
a person is in ill-health at all but from 
symptoms. This is of great importance. These 
symptoms, or signs, are evidence that the man 
is ill. But this is only half the truth con- 
cerning them — the half with which we are most 
familiar. The other half, of which most of us 
have never heard before, is that symptoms 
also tell us if the patient is already being treated 
scientifically, and that these symptoms are the 
very remedies that are beiiig used for his cure. 

Symptoms arise from two causes. One set is 
the result of the illness itself, such as weakness, 
collapse, delirium, pain j another is the result of 
the actual methods of cure adopted by the 
vis medicatrix mturm — the unconscious mind — 
for the relief of the sufferer. Such are temperature, 
cough, sweat, nausea, loss of appetite. There is 
a sense, indeed, in which oU the symptoms, 
including even the weakness, pain, and delirium, 
may be regarded as protective and beneficial, 
even if not actually curative. 

Symptoms, therefore, may be regarded, as a 
whole, as produced by the central governing 
force, partly for the protection and partly 
for the cure of the patient, and are, with few 
exceptions, beneficial and remedial. This is 
possibly new to a great many people, whose 
first idea in connection with a high temperature, 
for instance, is to lower it, or with a cough to 
stop it. 

Nature’s Treatment of Ill-health. Let 

us take two cases as illustration. A lady is sitting 
at dinner, when she is suddenly invaded by the 
germs of pneumonia. Symptoms at once set in. 
She shivers, her temperature begins to rise, and 
she gets into a fever. This tends to kill the germs 
and destroy their poison. She feels ill, and must 
leave the table ; mis is to make her acquainted 
Mith her state. She must undress and lie down ; 
this leaves her lungs free and puts her at rest. 
She cannot do with light and noise ; this en- 
sures rest. She refuses all solid food ; this is 
because she can no longer di^t it. She bursts 
out into profuse perspiration ; this is to prevent 
the fever from nsing too high. She begins to 
cough; this is to keep her lungs free. Herbreath- 
ingBecomes more ftoquent; b^ause it is shallow. 

Here, then, are a number of symptoms, none 
of which a wise physician will inte^ere with, 
for he knows very well they are all beneficial. 


SCHOFIELD 

He may have been taught to “ treat ” them, 
but if he be wise the only way he will treat them 
is with’ respect. 

The other case was given by Sir. F. Treves 
at Liverpool, and is of appendicitis. Here, 
indeed, every attack must prove fatal but for the 
rapid curative symptoms that supervene. The 
temperature again rises to kill the germs ; the 
bowels cease to move to give rest ; the abdomen 
becomes rigid to protect the tender area ; an 
abscess forms to prevent the poison spreading : 
pain is felt at the spot to indicate the locality, and 
so on. All symptoms are beneficial, and repre- 
sent Nature's efforts to cure the disease. 

We will now briefly review the various classes 
of symptoms, which form two great divisions — 
the subjective^ or those observed by tlie patient ; 
and the objective, or those noticed by the doctors 
and others. We may divide the subjective 
symptoms into five classes — sensory, motor, 
functional, mental, or phenomenal 

The Great Value of Pain. The first 
of these symptoms is pain. Consider for a 
moment the value of pain. It is as useful 
as the red light on a railway. Where it is 
absent we are in imminent clanger. A man 
who has lost feeling in his legs may burn them 
severely when asleep before a fire. The heart 
having no sensation, severe disease can devoh)p 
unknown to the patient. Pain at once says 
something is wrong, and indicates the locality; 
without it we should not bo safe for a moment. 

It is of the greatest importance to have the 
seat, character, duration, and intensity of the pain 
accurately described. It may be boring, darting, 
cutting, aull, throbbing, or aching. It may 1 m 
general cjr local. It may be fixed or shooting, 
constant or intermittent, severe or slight, 
superficial or deep. There may be tenderness 
in the part, or pressure may relieve it. As a rule, 
we say that sharp pains which are relieved by 
pressure are less serious than dull pains made 
worse by pressure. The sensations may not be 
those of pain, but of uneasiness, nausea, cold, 
w’ith shivering (this is important), or of heat- 
general or local. Or there may be otlier sensations 
— a “ ball ” in the throat or stomach, irritation, 
aching, fulness, malaise, weakness, giddiness, or 
loss of sensation, partial or complete. 

Amongst the motor symptoms are paralysis, 
partial or complete, generally described as 
local, stiffness, weakness, lassitude, involuntary, 
spasmodic, or painful movements, etc. 

Functional symptoms include every irregular 
or imperfect action of any organ or special sense. 
The ears or eyes may tie deaf or blind. Tliero 
may be loss of smell or taste ; the breathing 
may be laboured, short, hurried; the heart may 

5 . 1.39 





ILL-HULTM 


palpitate or beat irregularly, and so on with 
every organ. 

Among mental symptoms there may be delirium* 
mania* monomania* confusion, loss of memory, 
unconsciousness, excitability, apathy, despon- 
dency, and so on. 

Under the head of phenomenal symptoms may 
be grouped definite states or acts that cannot 
otherwise be classed, such as cough, sickness* 
blood-spitting, running from the ears, formation 
of boils* tumour, or states such as bilious. 

The greater part of these subjective symptoms 
are of a curative nature, as we have already 
Seen. The remainder arc the direct result of the 
disease. All seem to indicate the special illness 
the patient suffers from. 

How Disease is Detected. We now' 
turn to objective symptoms of disease — those ob- 
s<u*ved by others. Our moans of observation are 
sight, hearing, t<mch, smell, and experiment. 

We notice first the general aspect and expres- 
sion of the patient, the colour of the skin, the 
presence and character of any eruptions, the 
expression of the face, denoting ease or suffering, 
depression or excitement, the condition of 
8 toutn(‘ss or leannc^ss, or wasting or bloodless- 
ness, and many other matU^rs. It is, indeed, 
here that the habit of rapid and accurate obser- 
vation is so invaluable. 

We must also notice the position of the patient 
— how he lies, sits, or stands, and how he breathes ; 
the apj>earanoe of the eyes, of the tongue, 
and so on. The pulse, however, has now by no 
means the importance that it had before the 
days of exact observation. 

Hearing tells us the character of the breath- 
ing, the voice and speech of the patient, in- 
cluding cough and its character, hoarsened, etc. 
But the ear is of special value when aided by the 
stethoscope, to hear and understand the sounds 
in the lungs, heart, stomach, etc. We notice 
also resonance or dulness by percussion. 

Touch is an important means of objective 
diagnosis, and reveals many symptoms. We get 
a knowledge of the temperature, of moisture, 
of dryness, of size, shape, elevation, or depres- 
sion of any part. We notice smoothness or rough- 
ness* pulsation, vibration, extent of movement, 
resistance, softness and hardness, and fluctua- 
tions, by which the presence of fluid is detected. 

Smell and taste may reveal symptoms in certain 
cases. The general odour is often simificant, and 
the special odour from any diseased part reveals 
decayed lung, cancer, etc. 

Experiment includes weighing the patient, 
examining him with instruments, such as mea- 
sures, thermometer, ophthalmoscope, laryn- 
goscope, aurosoope, specula, sounds, etc. ; also 
by chemical tests of all sorts, and by electrical 
tests. 

Nature's Unceasing Effort. Before , 
leaving symptoms, the writer would repeat that 
Nature (the unconscious mind) is ever in disease 
seeking to adapt the, disturbed balance of life 
to the environment, and causes the symptoms. 
Take the case of rheumatic fever, fmich is 
Ne.ture*s effort to got rid of a powerful blood 
poison, brought on by indigestion, bod air, cold, 
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and damp. In doing so, one of the valves of 
the heart may get thickened, and cease to act 
perfectly. Nature therefore gradually enlarges 
the heart to meet the extra strain upon it, and 
the man suffers from an hypertrophied heart, 
a symptom which, so far from being hurtful, 
actually keeps him alive. If he be wise, he 
helps Nature by giving her less work to do 
by henceforth only “ eating to live,” instead 
of “ living to eat,*^* and all goes welL In fact, 
if the heart is overloaded, Nature makes 
another effort, and produces dropsy as a safety- 
valve to relieve the heart from too much weight 
of blood. This is another symptom beneficial 
in itself, but pointing, of course, to a grave 
danger. If the man still persists in his folly. 
Nature, having failed to adapt the life to its 
environment, has nothing left but to cease its 
efforts in the silence and stable equilibrum of 
death. 

Danger of Interfering with Nature. 

While, therefore, w'e cannot observe too keenly 
and accurately the subjective symptoms in our- 
selves, or the objective S3nnptom8 in others, we 
cannot be trained to interfere too little '; and this 
review of symptoms will be of great value if all 
who read it learn one lesson. The extent to 
which any interference is wise in domestic life 
will be considered in connection with the various 
diseases. These symptoms, ascertained by what 
the patient reveals, and what wo are able to 
observe by physical examination, form the basis 
of our diagnosis. 

The art of recognising the presence of disease, 
and of ascertaining from what form of disease a 
patient is suffering is known as Diagfwais, It is 
a matter of great interest and importance, for as 
it is founded on the symptoms and history of 
the disease, so it forms the foundation for 
prognosis and treatment ; and the correctness 
and success of these entirely depend upon the 
accuracy of the diagnosis. 

Only the simplest forms of disease can be 
recognised by the laity, and these not with 
certainty, so often is the meaning of symptoms 
misunderstood. A high temperature in a little 
child may not mean fever, but only a gastric 
disturbance ; a pain in the heart in the same 
way may arise from flatulence, and so on. To 
form a correct diagnosis, therefore, is almost 
impossible* save to a medical man, and even he 
is often mistaken. 

The Treatment of Disease. The 

foretelling of the course of disease is called 
Prognosis, Though a matter of the greatest 
importance to the sufferer, it can seldom be 
given exactly. One can often tell if a disease 
is curable or not ; but the length of time it may 
take and the means that may have to be used 
depend on so many factors that great accuracy 
is impossible. ♦ 

We will now consider tfie nature of the 
various remedies and systems of treatment. 
The old-fashioned way of classif^g remedies 
and treatments was according to the effects they 
were supposed to produce. First of all, however, 
they were divided into two great divisions — 
rational, or those which produced effects by 





meanfi we could understand and trace in the 
system ; and empirical^ or those which produced 
undoubted effects, but how we know not. 
Every physician employed both these classes of 
remedies ; but, of course, the more he employed 
of t^e first division, and the less of the second, 
the greater the credit. 

Fmlae Idaaa of Treatment* Further, 
remedies and treatments were classed according 
to their supposed effects. We thus had 
expectant treatment, which really was most en- 
lightened, and under other names is widely used 
to-day. It is founded on the principle that the 
vis mediccUrix naturm is often the only physician 
needed, the doctor neither assisting nor in- 
terfering with its operations, but only taking the 
fees, ^is system, good and enlightened in 
principle, becomes dangerous, and even fatal, in 
those cases which require immediate and prompt 
action. It has been the writer’s lot to stand by 
a man’s bedside and tell him he must inevitably 
die within a fortnight from complete blocking of 
the large bowel, due to his constipation having 
been treated on the expectant system. 

The next form was paUiation, which consisted 
in using means calculated to soothe and lessen 
suffering in those coses where o cure was not 
possible, but where life might be prolonged. 

The stimulant treatment was founded on a 
d(X:trine that regarded most diseases as associated 
with, or dependent upon, a lowered state of the 
vital powers, and which inquired, amongst 
other things, a free and constant use of alcohol. 
One hospital physician, whose prtictice was 
founded on this treatment, often gave a bottle 
of spirits a day to cases similar to others that 
were more successfully treated in other wards 
without stimulants at all. 

Obsolete Systems and Modern Views. 
The lowering (antiphlogistic) treatment is the 
opposite of the foregoing. It considered that 
very many diseases were due to over excitement 
ancl fulness of blood, and treated these by 
bleeding, blisters, purging, and the like. This 
was the most fashionable treatment in the 
seventeenth and eighteenth centuries, and it 
would be hard to soy how many died from it. 

The elimination system has mon* to recommend 
it, regarding disease as some poison introduced 
into the body, to be got rid of through the skin, 
kidneys, cn* bowels. The hydrnpalhic system is 
largely founded on this. 

The alterative system looks on diseases as 
vicious habits, which must be broken by 
violently “ altering ” the “ course of Nature 
on the “ habit of the body.” This system 
always employed very powerful drugs, often in 
dangerous quantities, such as mercury, arsenic, 
iodide of potassium, and the like. There M^ere 
other systems, but these were the best known. 
In these days, such a classifigation is practically 
obsolete, and even the words empirical and 
rational are archaic. We are no longer sure 
that we can trace the real course of the action of 
drugs ; we find the processes more complicated 
than w© thought ; and, besides all this, we are 
beginning to see that the action of no drug is 
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purely physical, dependent solely on its chemical 
composition, but that we have to take into 
account constantly the personality and state of 
the individual at the time,- the amount of his 
vital power, and his nervous system, on which 
the efficacy of the drug partfy depends. 

Three Claeeee of Remedlee. The 
simplest practical classification of remedies 
is according to their nature rather than their 
supposed action. 

The division on this principle would be into 
three classes : pharmaceutical remedies, or drugs ; 
natural remedies, which would include all mineral 
waters and spas, travel, climates, \isc of water, 
air, light, heat, electricity, etc., in every form, 
all sorts of ph3^ical exercises, including massage, 
riding, cycling, motoring, etc. ; and, lastly, 
psychic remedies, which include every curative 
form of mind action. I^t us take a brief but 
comprehensive survey of these three classes of 
remedies. 

Here we must distinguish again between the 
rational use of drugs, which constitutes a 
science, and their empirical use, which is an 
art. Of course, the success of the treatment 
must depend, as wo hove said, on the accuracy 
of the diagnosis. 

Until the last fifty years tlie most fonciful 
ideas prevailed both with regard to disease 
and drugs. The former were attributed to all 
sorts of processes and changes, wholly imaginary, 
that were supposed to take place in the btxly. 
The latter were credited with all sorts of fanciful 
properties, some being called hot, some cold, 
some contractile, some relaxi^, some altera- 
tive ; while some were consiaered of valm^ 
owing to their noxious composition or taste, or 
their fanciful resemblance to the part affected. 
All this has long since given place to 
experimental use of drugs, by which their exact 
effect was proved by exiwjrimonts on animals, etc. ; 
but the problem of the real action of drugs is so 
complex that pharmaceutical therapeutics will 
probably never become an exact science. 

The Best Physician. In spite of the 
multitude of synthetic comjiounds made in 
America and Ciermany, laboratories for special 
diseases, by which our ordinary pharmacopajia 
is supplcmenUrd, the general use of drugs is 
Jess, and dependence on their effects not so 
great. The greatest physician in these days is 
the one who closely observes the action of th(^ 
unconscious mind and copies most nearly thc‘ 
curative processes of Nature, using drug.s 
sparingly, and never without a definite reason. 

Amongst drugs which still hold their own 
as having a real specific value may be namt^l 
various salts and compounds of mercury, arsenic, 
lead, sodium, potassium, iodine, chlorine, phas- 
phorus, sulphur, carbon, iron ; acids of variou.s 
sorts ; vegetable extracts, such as quinine, 
strychnine, opium, belladonna, digitalis ; laxa- 
tives of all sorts ; colchicum, podophyllin, 
euonymin, caffein, in addition to the swarms 
of artificial compounds, such as antipyrine, 
chloral ether, chloroform, phcnacetin, paral- 
dehyde, sulphonal, etc. 


5541 



Group 8 

DRAWINGS FOR A HOUSE 

DRAWING 

39 

Preparing Contract Drawings. Site Plan. Plans of 

ntr'HxicAt UKAWiiriJ 

ootitluned from 
IutKo5412] 

Floors and Roof. Elevations. Sections. The Staircase 


By R. ELSEY SMITH 


CONTRACT drawings fonn the basis on which 
^ estimates of the cost of carrying out any 
work are prepared, and are signed as forming 
an integral part of the building contract. They 
include a complete set of general drawings 
and sometimes detail drawings of portions of 
the work ; the former are prepared usually 
to a scale of 8 ft. to 1 in., but sometimes, in 
the case of small buildings which are plain in 
character, to a scale of 4 ft. to 1 in. When draw- 
ings are made to the latter scale it is possible 
to show most work of a simple character with 
sufficient clearness to make detail di’awings un- 
necessary except full-size details of all moulded 
work or special ornamental features. 

General and Detail Drawings. When 
file general drawings are made to the scale of 
J in., detail drawings are required drawn to a 
scale of 2 ft. to 1 in., or, as it is more generally 
referred to, of i in. to 1 ft., or sometimes to 
larger scales for elaborate details ; it is useful and 
desirable that some such detail at least should 
bo included among the contract drawings ; the 
more complete these are the less will be the 
likelihood of variations during the progress of 
the work. 

Contract drawings are usually mode on paper, 
finished in ink and fully coloured. This was the 
universal custom till recently; but now in some 
coses the drawings are carefully finished in ink 
on tracing paper or linen and then copies are 
made from them by use of the sun -printing 
process, and a sot of these are fully coloured to 
form the contract drawings ; other copies being 
supplied to the builder and, if necessary, to any 
sub-con tractors. 

Tliis method of securing several copies from 
a single tracing is a great economy of time and 
labour, the principal draw'back being that only 
black lines can be thus reproduced, and that, 
with some processes at least, there is a slight 
shrinkage noticeable in the copies. It is 
therefore very necessary w*hen a tracing is 
to be reproduced by photo process that dimen- 
sions should be fully figured and the scale 
drawn on the sheet. 

The Plan of the Site. The first step 
in preparing drawings for a building is to secure 
an accurate plan of the site. This is sometimes 
supplied to the architect, but must be checked. 
Often there is no such plan, and the site must be 
surveyed — a somewhat troublesome matter 
if it is already built upon. In towns where the 
whole site is to be covered with buildings the 
plan may be laid down at once to the si^e to 
which the drawings are to be prepwred ; but in 
more open sites the ground may be plated to a 
smaller scale depending on the size ot0h estate, 
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but a scale of 22 ft. to 1 in. is often adopted. 
This plan should show the boundaries of the site, 
any buildings on adjacent sites that may affect 
the position of any new building near them, all 
buildings actually occupying the site, the north 
point, and any roads or paths. It should show 
the position and levels of any public sewers 
to which buildings on the site may be drained, 
and, where they can be ascertained, the situation 
of gas, water, and electric mains. The levels 
should also indicated either by means of 
section lines or by a series of figures showing 
them at various points in relation to some well- 
defined datum line [6]. The levels of a site 
and the question of aspect have an important 
l)oaring on the planning in many cases. 

A full set of contract drawings should include 
the following drawings : 

A plan of the site. This may he to a smaller 
scale than the plans of the buildings, and on it 
the drainage is often shown. 

Plan of the foundations. Drains are shown 
on this, if not on the site plan [71. 

Plan of every storey in the building [6, 8, 9j. 

Plan of the roof. 

Elevation of each front of the building [10 
and 12]. 

Sections sufficient in number to make the 
levels and construction clear [18 and 14 ]. 

The exact number of drawings w^ill depend 
on the size and complication of the building. 

Arrangement of Drawings. The actual 
size of the sheets will necessarily depend on 
the extent of the building and the scale used. 
For very large buildings sheets showing the 
entire buildings even to J-in. scale are cumber- 
some to use and awkward to draw, and in such 
cases a complete block plan to a small scale 
may be prepared with advantage, the buildings 
being subdivided into well marked sections, 
and each treated as a separate building with 
its complete set of drawings. Where a building 
is small it may be possible, on the other hand, 
to arrange more than one drawing on each sheet 
of paper, and this facilitates reference. \^^en 
this is done care must be taken to arrange the two 
drawings in proper relationship one to the other. 
For example: In the illustration on page 6544. 
the upper plan [6] is placed exactly over the lower 
plan [7] so that the lines of the side walls in the 
lower plan if carried up will coincide with those 
in the upper one. Should two elevations or an 
elevation and section be arranged side by side, 
care must be taken to sec that the horizontal 
lines correspond in the same way [10 and 11], 
It is not sufficient to make the drawings accu- 
ratelv to scale, but the leading dimensions 
should be figured on the plans and sections. 
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Plmas* A plan is a horizontal section taken 
through the building. The plan of anv given 
door is presumed to be taken at a level between 
the door and the ceiling ; but it is not necessary 
to assume that the horizontal plane cuts it at one 
dxed level and that only those features are shown 
upon the drawings which are out by such a plane. 
All important features should be shown on every 
plan, including the doors and hatches, windows, 
piers, dreplaces with their hearths, internal 
windows or borrowed lights, or recesses for any 
purpose. Also any dttings that are to be fixtures 
and to be provided by the contractor, such as cuj)- 
boards of various kinds, dxed tables, sinks, water- 


complicated it is often shown on a separate set 
of drawings or traces used for this purpose. 
In complicated buildings there are other features 
that ‘must bo shown, but to avoid compli- 
cation these arc often indicated on a separate 
set of drawings and in different colours. Such 
features are: systems of pc^sages or trunks 
used for ventilating complicated buildings ; 
the main runs of pipes ior heating buildings, 
including any coils or radiators ; the run of 
main pipes for taking hot water to various 
dttings ; electric mains, and gas mains. 

Nomenclature of Plans. The plan of 
the principal door, which is usually arranged to 


PUBLIC ROADWAY 
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closets, lavatory basins, batlis, urinals, copper, 
shelving, etc. . In cases where it is necessary to 
show tw^o features coming one under the other, 
as, for example, a doorway with a w indow at a 
higher level, the lower feature is drawn solidly 
and the upper feature may be indicated by 
dotted lines. It is usual to mark on each plan 
the direction in which the door joists are to run. 
This may be done by single or double dotted 
lines or by lines drawn in brown ink. Any 
sleeper walls carrying joists in the lowest door 
may also be shown, and girders, whether of 
wood or iron, carrying upper door joists ; but if 
of iron they would be indicated in blue ink 
usually. Wlion the iron work is extensive or 


correspond in level with the general level of the 
ground, but to be somewhat above it, is termed 
the Ground -floor Plan ; if there is a floor over 
the whole or a part of the site below this level, 
the i>lan of it is usually termed the Basement 
Plan, but if so arranged that a great imrt of it 
is above the ground love) it is sometimes called 
the Lower Ground-floor Plan. If there arc 
several floors below the ground floor level they 
may be described as the First, Second, or Third 
Basement Plan. The plan of the floor next 
above the ground floor is described as the First- 
floor Plan, and the plans of successive floors 
are termed Second-floor Plan, Third-floor 
Plan, etc., according to the numlx>r of storeys 
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10. WEST ELEVATION 11. SECTION THROUGH BAY 
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14. SECTION OF HOUSE ON UNB A-B IN 6 
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above the level of the ground floor till the level 
of the eaves of the main roof is reached. The 
plan of the floor next above' this level is termed 
the AUiC‘floor PUm, and if there is another at 
a higher level it is termed the Upper AUic -floor 
Plan ; more than two storeys in a roof are not, 
as a rule, allowed. 

Foundation Plan. The foundation plan 
[7] is taken at a level, below that of the lowest 
floor, and if the external walls have a project- 
ing plinth this will usually be included in the 
thiclmess of such walls on this plan. Beyond 
the thickness of each wall are set out, on either 
side, the proper number of courses of brickwork 
for the footings of the wall, and beyond these 
the lines of the exige of the concrete. Under all 
ordinary openings in the ground floor the walls 
are not interrupted, but carried through as 
continuous walls; the footings and concrete 
are shown carried round all projections such as 
chimney hearths, piers, etc. 

Baaement Plan. Where a basement occurs 
the plan must show, in addition to the main 
builaing, any areas formed outside it to afford 
light to the basement windows, and any vaults 
under public footpaths. On all plans, walls are 
shown as having brick dimensions, no account 
being taken of the thickness of the plaster on the 
walls if there is any. The dimensions of rooms 
as figured on such plans represent the dimension 
between the unplastered walls, and the finished 
size of the room is a trifle less. 

liround-floor Plan. The walls on the 
ground-floor plan f 6] arc represented above the 
level of any plinth which may he indicated by a 
line outside the walls. If the wall is formed of 
more than one kind of material, this must be indi- 
cated by different colours on the plan. This plan 
at least should l)e fully dimension^, and care must 
be taken, where a series of dimensions are given in 
different rooms, ))ut extending from side to side or 
from tx)p to bottom of the plan, that they corre- 
spond when add'^d up to the extreme dimensions 
of tbe plan. Great care is required in arranging the 
plans of staircas(*s to see that at all times there is 
proper head-room — Le,, sufficient height l:)etween 
the upjKir surface of each step and the next flight 
or th<^ ceiling immediately over it, to allow of per- 
sons passing uji and down. This can only be 
secured by working out the plan and scH)tion 
conjointly. It is usual to number the steps from 
one floor to the next, and if there is a staircase 
descending to the basement as well as one ascend- 
ing to the first floor, a portion of both flights 
is shown, and broken off by an uneven line ; 
the same thing occuis on each of the upper floors. 

The First and Subsequent Floors. 
The other floors [9] will generally resemble the 
ground-floor plan in character, but will show 
the building at a liigher stage, and if the walls are 
reduced in thickness this must appear in the 
drawings. Any portions of the building that are 
. not carried up will generally have the roof plan 
shown with the plan of the floor at the corre- 
sponding level. In arranging the upper plans 
care must be taken to sec that the j|slls and 
divisions come over walls or divisions on the 


floor below, or when they do not that some 
adequate means of supporting them is pro- 
vided. When the building is of a simple 
character, the attic floor may be combined 
with the roof plan [ 8 ], the lower parts of th^ 
roof and the plan of any rooms formed within 
it being indicated by full lines, while the roof 
above is indicated by dotted lines. 

BleTationn. An elevation is a geometrical 
representation of the true form of a facade [10 and 
12j. It is not necessary that every part should lie 
in the same plane, but every part is represented 
truly to scale. The plane of the drawing is 
assumed to be parallel to the main face of the 
building represented, and any portions of which 
the plan is in a different plane are represented 
as if projected on to the picture piano. This 
may be seen in the representation of the bay 
windows on illustrations 10 and 12. 

The elevation should show the finished level 
of the ground, all plinths, strings, and other 
external features, and the levels of all floors 
should bo indicated by dotted lines. It is desir- 
able that all features that will appear when the 
building is completed, such as soil and rain- 
water pipes, should be indicated, and the 
character of the materials to be used should he 
indicated by the method of lining the walls, 
assisted by colour. 

Sections. A section represents the cutting of 
the building by a vertical plane [18 and 14J ; but, 
as with a plan, it is not necessary to assume an 
absolutely rigid position for the plane, ho in a 
section the position of the plane may bo varied to 
some extent at \\ill, so that it shall pass tlirough 
sf^ecial features. It must, however, be kept in 
a plane parallel to the main one, or a distorted 
section would be j)roduced. 

In fixing the position of the line on which any 
section is to be taken, it should be arranged to 
show all the most intricate and difficult work, and 
in particular to indicate all changes of level in 
floors, and the method of carrying any walls or 
partitions not resting directly on walls below. 
All parts of the building actually cut by the 
plane — the walls, floors, roofs, etc. — will Ixj 
actually shown in section, while betwexjn these 
will appear in elevation one side or other of 
the various rooms, corridors, staircases, etc., so 
intersected, and the line should l>e in such a 
position as to make the utmost possible use of 
all these portions, as well as of the actual 
sectional parts. It is desirable, for instance, 
to show important chimney stacks, indicating by 
dotted lines the manner in which the various 
flues are gathered over and collected. In addi- 
tion to complete sections, small sections of special 
features that would not otherwise appe>ar may 
be often added to the sheet of sections or to a 
sheet of elevations as in 11. 

It is very necessary to pay particular attention 
to the arrangement of staircases, and, as already 
pointed out, to work these in connection with the 
plans. In indicating staircases on sections it is 
particularly desirable to show complete flights by 
the use of dotted lines where the section would 
not otherwise enable them to be seen. 
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DENTISTRY AS A CAREER DENTISTRY 

The Qualities of a Good Dentist The Nature of Dental Work. 1 

Various Methods of Treatment The Filling: Substances conti.nie.i tvom 


I F it be possible to form a just appreciation of 
* the prejudices and preconceived ideas of the 
general public concerning dentistry from the 
opinions of a dentist's patients, it would seem 
quite needless to point the way and offer assist- 
ance to those who may wish to practise den- 
tistry. For so great appears to be the repug- 
nance which the career of a dentist excites in the 
lay mind, that one is tempted to Ixilieve that 
there is no one who will care to avail himself of 
the information and advice tendered in this 
treatise. It is important, therefore, that, at the 
outset, the popular conceptions should be care- 
fully considered, so that, if possible, it may be 
fairly decided how far they are consistent with 
facts, or to what extent they must lx; deemed 
mere fallacios. 

The Dignity of the Profession. The 

practice of dentistry, then, is said to l>e tedious — 
“ back-aching” is the more graphic description — 
destructive to the health and eyesight, and 
disagreeable ; it is suggested that it must 
surely be dreadfully monotonous, lacking 
both interest and variety, while even the most 
polite patient occasionally makes it clear that 
in his opinion a dentist who enjoys his work 
must be callous and indifferent to the sufferings 
of his fellow -creatures. 

Now, these conceptions of the dentist’s work, 
if they are considered to constitute more than a 
very partial statement, can be shown to be alto- 
gether inadequate and unjust. In the first 
place, they do not take into account what may 
lx; called the dignity of the profession, the im- 
f)ortance of the dentist’s work to the community, 
the value of his skilful services to the state and 
to mankind. Yet this is a very serious omission. 
On the one hand, the absence of teeth, or tht^ 
presence of stained or decayed teeth, in the front 
of the mouth constitutes a peculiarly distressing 
disfigurement ; while, on the other hand, the 
absence of efficient grinding teeth, or the pre- 
.sence of diseased teeth and gums, at the back of 
the mouth, constitutes a distinct menace to 
health. Such conditions are inimical to health, 
not only because they render impossible the 
efficient mastication oi food, but because they 
I'esult in the infection or poisoning of whatever 
food is taken into the alimentary canal. 


jr ’ ' gr - ' ^ 

process of digestion. Here the food is broken up 
and thoroughly ground to pieces in such a way 
that the digestive ffuids can thoroughly pene- 
trate and soak the mass. In the mouth, too, 
should take place the thorough mixing of the 
food with the saliva, which not only constitutes 
the first stage in the process of efficient digestion. 
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but is also the best preparation of the food for 
the action of those other digestive fluids of the 
body which are subsequently to come into 
contact with it. When effective grinding teeth 
are absent these important functions are of 
necessity more or less imperfectly performed, 
the digestion of the food is more or less faulty, 
and the nutrition of the patient suffers in con- 
sequence. AVhore, in addition, the teeth are 
much decayed or foul, and the gums diseased, 
the patient swallows with every mouthful of 
food a quantity of disease-forming micro- 
organisms and their products, while the odour 
of his breath gives some indication of the extent 
to which ho is poisoning the atmosphere which 
others are constantly breathing. Such being the 
case, no one need bo surprised at the frequent 
association of ill-health with bad teeth, for, 
although a few may for a long time, owing to 
their great natural powers of resistance, ward off 
serious ill-health, yet, as decay of the teeth is the 
commonest disease that flesh is heir to, an 
immense amount of suffering, sickness, and 
diminished efficiency for useful work must bo 
directly attribuUd to disease of the teeth and 
gums. 

Avoidable Tortures. It is signifleant 
that in a recent inquiry conducted by a Royal 
Commission the evidence of the dental surgeon 
afforded the most direct and positive testimony 
to the physical degeneration of the people of 
these islanda It must have been difficult, 
indeed, to compress the mass of evidence which 
any experienced dental surgeon would have at 
his disposal. Generally speaking, the condition 
of the teeth can only be described as appalling, 
and this is especially true of the teeth of the lower 
classes. Very largely owing to utt<^r ignorance 
concerning the close relationship existing between 
the condition of the teeth and of the general 
health, reckless neglect seems to be the rule, and 
the aid of the dentist is sought only when the 
tortures of toothache render life unendurable. 
Yet these results are certainly avoidable, and, 
even when they already show themselves, it is 
possible to keep them in check and to effect in 
most cases a complete cure. It is not necessary 
to detail here the numerous unhealthy conditions 
which spring from bad teeth ; hut it is important 

” e how much - ^ 

indirect, of < 


Here, then, is the dignity of the dentist’s work. 
His calling constitutes him one of the cus- 
todians of the health of the community. In this 
i*C8pect his services are second in value only to 
those of the doctor ; and if at times he can only 
effect a durable repair of the ravages of decay at 
the cost of some discomfort to his patient, he has 
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at. least the consolation of knowing that he is 
saving his patient not only from severe* pain, 
but from the risk of serious illne^ or debility. 

The Interest of Dental Work. Again, 
the popular opinion that the practice of den> 
tistry must be exceptionally monotonous is 
largely fallacious. It shoula be remembered 
that dentistry is essentially a progressive science 
and a progressive art. Both in the study of the 
diseased conditions with wluch he has to deal, and 
in the practical methods of manipulation with 
which he combats them, there has been in the 
past few years an enormous advance, and the 
dentist who wislies to keep abreast of his day 
will find that his special branch of surgery will 
make large demands upon his time and study. 
It is true also that he is constantly dealing only 
with teeth ; but his patients fail to recognise that 
in each day’s work probably no two teeth dealt 
with present quite the same problem for solution. 
And it would be wrong to argue that the work of 
a dentist must bo lacking in interest as compared 
with that of a doctor because the dentist has to 
confine his attention to one small part of the 
body. The same method of reasoning might be 
applied to a discussion of the comparative 
interest of the work of a general practitioner and 
of a specialist in some particular branch of 
medicine or surgery. 

Dentistry, or dental surgery, as it would be 
bettor to call it. should be studied and practised 
as a special branch of surgery, and if this is done 
no dental surgeon need complain of the lack of 
variety and interest of his work. To complete 
the comparison of medicine and dentistry as 
professions it should be added that, whereas the 
practice of general medicine is still held to confer 
a higher social status upon the practitioner, the 
public recognition of dentistry as a branch of 
surgery is only a question of time, and is rapidly 
l>ocoming more general, while the dentist, if his 
work is tedious, ])08se88es two very real advan- 
tages in that his hours of work can bo fixed, and 
that, for the man of average ability, success is 
more easily to bo attained. 

The Good Dentist** Qualifications. 
It should be emphasised that, whereas financial 
success is not invariably the proof of merit, and 
still more is not commensurate with the degree of 
merit, it is probably true that there is little satis- 
faction in mere financial success. The really suc- 
cessful dentist must have earned not only the 
reward of his labour but the regard and respect 
of his patients, as well as the approval of his 
profession. 

What, then, are the Qualities w^hich make for 
success in dentistry, ana what ought to be con- 
sidered disqualifications ? 

Fortunately, it may bo asserted that, whereas 
certain natural qualities fit a man to a peculiar 
degree for the work of a dentist, there are few 
qualities which cannot be acquired to a degree 
which ensures average success. Apart altogether 
from the question of general health, a dis- 
proportionately large hand, marked clunujjheRs of 
the hands, seriously defective eyeslgln, and 
— since the coarse of education is long and 
expensive and the examinations of a somewhat 


high standard — a dull brain, ought to be con- 
sidered positive disqualifications. To persist 
in spite of them is to court disaster, involving 
the waste of valuable time and money. 

Practice and Theory. Turning to the 
positive aspect of the question, it cannot be too 
strongly emphasised that dentistry is both a 
science and an art. Without debating at any 
length whether it partakes more of the nature of 
a handicraft or a learned profession, it may be 
confidently stated that the dentist who has not 
acquired both manual skill and intimate theo- 
retical knowledge of his subject is very 
imperfectly equipped, and must not expect to be 
successful. The student who gives his attention 
to the practice to the entire exclusion of the 
theory may become within his narrow limits an 
excellent mechanic as far as mere dexterity is 
conoemed, but he cannot fail to be essentially 
a rule-of-thumb workman, who will generally do 
the second best for his patient owing to sheer 
lack of knowledge of the conditions with which 
he has to deal and of the means of dealing with 
them which science places at his disposal. More- 
over, to say that dentistry is a science is to affirm 
that the efficient practice of dentistry demands 
not only the acquisition of detailed knowledge 
but, what is equally essential, the habit of 
thinking scientifically, and of constantly basing 
deliberate judgment upon a careful study of all 
the circumstances of every case. 

But if it bo true that such a dentist is in- 
capable of rendering the highest form of service 
to his patient, it is at least equally important 
to bear in mind that a lack of manual skill is an 
even more serious defect, and that the student 
who neglects his opportunities of acquiring 
dexterity in his work makes a still more serious 
mistake than he who has too little of the scien- 
tific spirit in his methods of working. 

Managing a Patient. These two, then, 
arc essential qualities of the good dentist, without 
which he certainly does not deserve, and is not 
likely to attain, success. We have considered 
already the power of forming right judgments, 
of deciding what in the circumstances is the 
best course to pursue in dealing with each 
case as it presents itself, and it might be thought 
that, if equipped with these three qualities of 
knowledge, judgment, and skill, the dentist would 
be fully capame of dealing with the problems 
which his work involves, and that success would 
therefore be assured. That these qualities in 
themselves are not sufficient is due to the fact 
that the dentist has to deal not merely with teeth 
but with individuals. Were it otherwise the 
dental art would indeed present few difficulties, 
though it would as certainly bo robbed of much 
of its interest. 

But the fact that the dentist has to treat 
human beings, and not merely a number of teeth, 
complicates not a little the problems he has to 
solve. And it does so in two ways. In the 
tooth he has to deal with an organ of exceptional 
sensitiveness, which demanffii not omy the 
gentlest handling of which he is capable and an 
intimate knowledge of the means of diminishing 
S 3 nsibility, but al^ a peculiar skill in ** managing 
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a patient/' So far is the dentist from being 
callous to the suffering of' others, that a man 
cannot in any sense of the word a successful 
dentist unless he is keenly alive to the pain his 
manipulation may cause, and unless he strives 
constantly to mmimise it. 

The Dentiet*8 Greatest Difficulty. 
Individuals differ widely in their sensitiveness 
to pain and discomfort, and in their capacity 
to endure them for the sake of future comfort 
and benefit. Some display a fortitude creditable 
in the highest degree, while others show an im- 
patience and want of control which would be 
contemptible were they not pitiable. Ostenta- 
tious sympathy may destroy for the time the 
little self-respect which some patients possess, 
whereas a little firmness may brace a nervous 
and excitable patient in an extraordinary manner. 
It need hardly be said that, when he desires to 
be firm, the dentist must bo careful to avoid 


some idea of a typical day's work in .a dental 
surgery. 

The first patient may be waiting for the dentist 
when he arrives in the morning ; and it trans- 
pires that he has spent a night of such agony as 
only those familiar with toothache at its worst 
can realise. With little warning, sevei-e pain may 
have come on soon after the patient retired on 
the previous night, and raged almost without 
cessation. None of the simple domestic leme- 
dics have been, in his case, at any raje, of any 
avail ; and, in spite of great repugnance, the 
dentist's assistance is sought at the first oppor- 
tunity, with the determination to “ have 
it out." 

The Firet Problem of the Day. 

Here, then, is the first problem of the day. 
The dentist has to form an opinion upon the 
cause of the pain, and to decide upon the Ik'sI 
method of dealing with it. Without entering 


even the appearance of brutality, for his aim 
must alwa3rs be to inspire his patient’s con- 
fidence, not only in his skill, l)ut equally in his 
desire to do what is best with 
the least possible pain. To be ✓-v 

successful he must acquire. f 

in addition to technical skill, [ 

a knowledge of human \ ^ 

nature, the power of rapidly J | 

judging temperament, and A 
of aceommoaating himself / I 
to temperament. To recon* / Mk I f 
cile his ambition to do good / I | ^ 

and permanent work with / \ \ ® 

his desire not to give avoid- ' ' j M 

able pain is, perhaps, the i 

greatest difficulty with which m 

the dentist has to contend. J 

It may seem superfluous to 
add that the dentist needs a r 

W fund of patience, and ^ section of too 
that, if the difficulties of his chamber, canals i 
work or the exasperating 
conduct of his patient have exhausted it, ho must 
assume a virtue which he no longer possesses, A 
word should be added on the desirability of 
acquiring the habit of absolute fairness, almost 
of generosity- in all that is said to patients with 
reference to work done by other practitioners. 
This quality, like that of conscientiousness in 
working, the best kind of patient will always 
learn to admire and respect, and both will earn 
in time their own rewam. 


Nerve Chamber 


Nerve 

1. SECTION OF TOOTH, SHOWING NEEVB 
CHAMBER, CANALS AND CAVITY OF DECAY 


deeply into technical details, it may be said 
that pain of this kind is probably due to one or 
other of t wo causes. Every reader who has spent 
much time in the dentist's 
Cavity of decay chair has heard of what is 
called “ the nerve." This 
bundle of blood-vessels and 
Nerve Chamber ‘ nerves.which travels through 
a minute hole at the end of 
_ r the root of a tooth, and 

V thence through a tiny canal 

\ which runs through the 

\ \ centre of the root from end to 

j^Bone ofeJaw finally spreads out to 

JyA \ form a clump in the centre 

^ .1 I of the tooth itself [IJ. When 

decay attacks a tooth there 
may be little or no pain until 
the hollowing-out has gone 
so far that a cavity is formed 
, SHOWING NERVE dccp as'this dump 

J CAVITV OF DECAY Wood-VMsek and nerves. 

Even at this stage there may 
be no pain unless the nerve is injured by 
an instrument or some hard particle of food 
bitten into it. More often, however, a nerve 
which has in this way been exposed by the 
hollowing out of decay will become inflamed 
and extremely painful, and, if left to itself, 
will most likely inflict intense suffering for 
days, when it may cease in a mysterious way 
to hurt any longer. In such a cose the nerve* 
is said to have died, and is, in fact, no longe'r 


A Day In the Life of a Dentlet. Two 

other matters call for consideration. One is 
the quality of invariable courtesy ; the other 
that of scrupulous cleanliness. They do not 
need to be enforced by any argument. They 
are absolutely essential, and no greater mistake 
can be made than to suppose that they can bo 
assumed at will for the occasion. They must bo 
part and parcel of the man. 

There is the greatest practical need for what 
has been said of the popular ignorance of the 
realities of the dentist^s work. It is important 
that no young man should take up the work of 
preparing himself for practice under an entirely 
false impression, and it may be helpful to give 


a part of the living body. It is like a limb which 
has been amputated, or a finger wliich has 
been frost-bitten. In other cases the inflamed 
nerve gradually ceases to be painful, and there 
may be relief for a few days, Avoeks, or months, 
ancl then, perhaps, another severe attack, during 
which the nerve finally dies. 

Danger of Neglecting a Dead Nerve. 
Unfortunately, the pain which a nerve is 
capable of causing is not limited to the time 
when it is alive. The presence of that bundle 
of dead tissue in the tooth and in the root 
or roots of the tooth, constitutes a real danger. 
This dead matter, if it be attacked by mic^ro- 
organisms or microbes — ^which are exceedingly 



DBNTISTIIY 


common in months that are neglected- 
will decompose; and, unless the gases and 
poisonous juices which result from decom- 
position can escape through the cavity which 
decay has made, they wul pass through the 
minute hole at the end. of the root and cause an 
inflammation of the bone and soft tissues of the 
jaw. This inflammation is the beginning of an 
' abscess, or collection of matter, which ends by 
opening upon the surface either of the gum or of 
the skin of the face, chin, or neck. This, then, 
is the second cause of severe toothache, and the 
first work of the dentist is to determine which 
condition is responsible in any particular case. 

The Folly of Indlecriminate Extrac- 
tion. Havmg determined this, partly by asking 
questions calculated to elucidate the circum- 
Hlances of the case, and partly by a careful 
examination of the tooth and its surroundings, 
the dentist has next to decide how best to 
relieve the pain. An inexperienced patient, 
having suffered acutely from such a tooth, will 
no doubt strongly urge that the offender should 
be removed, ana, unless reasons can be urged 
against this, the suggestion will certainly be 
followed, since it is obviously the quickest and 
simplest method of giving complete relief. But 
the modem dental surgeon, and with him at 
least a section of the public,' has come to realise 
that the extraction of teeth, though in most 
<*ases a beautifully simple way of getting rid of 
j)ain, is an operation not lightly to be under- 
taken — an operation, indeed, which should be 
regarded only as a regrettable necessity in 
certain cases. When a tooth is still capable of 
rendering useful service, every attempt should 
be made to preserve it. A wise patient will 
prefer to endure some discomfort rather than 
sacrifice a useful tooth to the forceps, and the 
conscientious dentist will do his utmost to dis- 
suade a patient from extraction if the tooth can 
be permanently and usefully preserved without 
making an unjustifiable demand on the patient's 
endurance. 

The 'Method of Treatment. Naturally, 
the method of treatment will vary with the 
cause of the pain. In a case of exposed or 
inflamed nerve, the dentist w^ill remove some 
of the decayed tooth-substance w’hich more or 
less fills the cavity, and, having located the spot 
at which decay has attacked the nerve, will 
apply to it a small quantity of one or other of 
the various nerve -destroying substances at his 
command. Most of these preparations contain 
arsenious acid, which has the peculiar power of 
destroying the vitality of the nerve, combined 
with other drugs which are added for the purpose 
of relieving the pain temporarily, until the 
arsenious acid has had time to complete its 
work. The nerve-destroying preparation is then 
sealed in the cavity witn soft gutta-percha or 
some other temporary stopping material, and 
the patient dismissed, an appointment being 
made for another visit. ^ 

If, on the otiier hand, the case w one of 
incipient abeoess, the decayed substance is more 
freely remo^^, and the cavity enlarged until the 
dead nerve material is accessible. As much of 


this as can be removed without much grinding 
and cutting is then cleared away, and a little 
pad of cotton-wool soaked in carbolic acid or 
some similar antiseptic is placed in the cavity 
previously occupied by the nerve. This is then 
sealed in as before, and an appointment made 
for another visit. 

It will be understood that in dealing with 
either of these conditions, especially with an 
exposed nerve, the utmost delicacy of hand- 
ling is demanded. The tooth and its surround- 
ings are acutely sensitive, and it should be the 
dentist’s aim to manipulate them as little as may 
be consistent with relieving pain. Such a patient, 
having probably passed a sleeple^ night, and 
being inclined, perhaps, towards extraction, 
deserves to be treated with every consideration 
and to be saved from all unnecessary pain. 

Filling the Tooth. Let us suppose that 
the next patient is one who a week ago was in 
much the same straits as the first patient found 
himself in this morning. The nerve -destroying 
material was applied, and relief obtained. There 
may have been for a short time during the suc- 
ceeding night or day a return of pain of varying 
intensity, but the tooth is quite comfortable 
again now, and the next step towards the per- 
manent saving of it may be taken. 

This is the filling of the tooth. The operation 
consists of the removal of the infiamed nerve, 
which is now dead, and subject, therefore, 
to decomposition. This is performed by means 
of tiny barbed steel bristles, which ai’c inserted 
into the nerve canal and withdravm when 
the sharp barbs have caught the nerve tissue 
firmly, drawing it out of the canal. The 
complete removal of the dead tissue having been 
performed by means of these bristles and fine 
drills rotated in the foot-engine with which most 
p^ple are acquainted, the tiny canal is filled 
with little lengths of gutta-percha or some other 
filling material, and steps are taken to fill the 
cavity which decay has made, and which may 
have been enlarged by the dentist in order to 
enable him to obtain access to the canal or 
canals of the tooth. This, then, is the place to 
refer to the difficult problem of the choice of the 
most suitable filling materials. 

The Ideal Filling Substance. Any- 
one who considers the matter carefully will 
perceive that a substance which is to serve 
the purpose of a tooth -filling should have certain 
qualities. It should be hard enough to with- 
stand the force of bitkig and chewing ; its 
appearance should resemble that of the tooth 
in which it is inserted, so that it cannot be 
detected ; it should form an insoluble, water- 
tight, non-poisonous plug which is not irritating 
to the delicately sensitive nerve close to which 
it is placed. It should not conduct heat, or 
cold readily; it should be naturally adhesive to 
the sides of the cavity; and it shomd be capable 
of being inserted so quickly and painlessly as not 
to be aisagreeable to the patient, and so easily 
that failure' to fill the tooth well and permfmently 
is almost out of the question. Unfortunately, 
although many years of research have been 
devoted to the attempt to discover a substance 
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combining all those desirable qualities, there is 
nothing kno>vn which can bo called an ideal 
tilling material. Many of the substances at the 
dentist’s command possess some of the qualities 
desired, and in a few cases almost all the qualities 
needed are found combined in one material. The 
dentist has, therefore, the task of deciding in 
each particular case which qualities are least 
cHsontial and which seem most desirable, and of 
making his choice in accordance with the judg- 
ment he has formed. 

Common Filling Materials. The sub- 
stances in common use as fillings may be 
classified. 

Metals. Pure gold in various forms and 
pure tin are examples. 

Cement. Formed by mixing certain acids, as 
pliosphoric acid, or the acid salt zinc chloride, 
with certain salts such as zinc and magnesium 
oxides, the compound becoming hard in the 
course of a few minutes. 

Amalgam. The result of combining mercury 
with certain metals such as gold, silver, copper, 
zinc, or tin, the compound becoming hard within 
a period which varies from a few minutes to 
8ev(!ral hours. 

(tutta-pbrcha. Used in various forms. 

Porcelain. The mineral which is the result of 
fusing compounds of silica by great heat. 

It is impossible within our limits, and unneces- 
sary for our purpose, to enter at length into a 
discussion of the properties of these substances, 
which are more fully treated in Chemistry. 
The subject is an intricate one, involving much 
technical knowledge, which it should be the aim 
of the student to acquire. It will be seen, 
however, that the chotCH^ of the most suitable of 
them for each individual case gives scope for the 
exercise of mature judgment, and that the skill 
requisite for the manip^ation of so many differ- 
ent substances to their best advantage is of a 
high order. Tlie majority of them, possessing 
little adhesiveness, require that the cavity into 
which they are to bo inserted should lx? specially 
prepared by cutting grooves and dovetailed 
holes, in order to render it retentive in form. 

RemoTing the Dead Nerre. The next 
patient may be one for whom the growth of 
abscess has been cut short in the manner 
described when the requirements of the first 
patient wore being discussed. Here, again, 
the first object which the dentist sets before 
himself must be the complete removal of the 
dead, and, in this case, decomposing nerve- 
tissue. The latter will be in a more or less fluid 
condition, and great care has to Ixj exorcised in its 
removal to avoid driving any of the poisonous 
material through the aperture at the end of the 
root into the tissues surrounding the tooth, where 
it may, as we have seen, cause serious inflam- 
mation or abscess. The canals having lx?en 
thoroughly cleansed and filled, the problem 
^ain resolves itself into one of Jthe choice and 
insertion of a filling material. 

Following this there may be a succession of 
patients presenting teeth in which the process 


of decay has not advanced so far, and the dentist 
may decide that the tooth can be safely filled 
without first destroying the nerve. The advan- 
tage of this procedure consists in the fact that 
rhe full nutrition of the tooth is unimpaired by 
the loss of some of the blood-vessels which 
supply it, the life of the tooth being conse- 
quently prolonged. The risk of the procedure 
is that a filling material, if placed too near 
the live nerve, may irritate it, and thus cause 
inflammation and severe pain. 

During the day’s work, also, there will pro- 
bably be several visits from patients requiring 
some slight adjustment of the artificial teeth 
they are wearing, which, owing to some change 
in the mouth, are causing discomfort. 

Dental Work Among Children. The 
dentist may also be consulted with refer- 
ence to children in whose mouth the tooth, as 
they appear through the gums, are taking up 
unusual positions, causing disfigurement or pain, 
and he will have to deal with the8<? either by 
extraction or by adjusting to the mouth various- 
forms of appliances which correct the irregu- 
larity by pressure upon the offending tooth, 
which guides it to its proper place. 

Finally, there is a class of patient who present 
an entirely different problem. Tliese people 
have in many cases been recommended by a 
doctor to seek the aid of a dentist in curing the 
diseased conditions which are largely the result 
of deficient or diseased teeth. By far the com- 
monest of these conditions is dyspepsia or indi- 
gestion. Such a patient’s mouth may present 
an appalling picture of the ravages of decay. 
Many of the teeth may be so extensively decayed 
that nothing remains of the crown. Other teeth 
are coated with a haid substance called tartar, 
while many spaces indicate how often a tooth has 
been sacrificed to the forceps for the relief of pain. 

The Dentist as Doctor. For such a patient 
the dentist may have to perform a variety of 
operations. Some diseased and useless stumps 
may need extracting, during which the patient 
may \ye rendered unconscious by the adminis- 
tration of anfpsthetics ; for some it may be 
possible to construct and attach an entire 
tooth -crown of gold ; the tartar has to be 
removed, and the gums restored to health ; 
cavities in teeth which it is decided to prese^rve 
must be filled, while it is often necessary to 
supply the place of teeth that have been lost 
by artificial ones made of porcelain and mounted 
upon plates of gold or some other substance 
carefully adapted to the jaws. 

Such, then, is a short survey of a day’s work 
in a dental surgery, and at the cost of repetition 
it may be added that the mechanical and sur- 
gical problems alluded to are generally compli- 
cated by some degree of sensitiveness, ignorance, 
prejudice, or even obstinacy on the part of the 
patient. It is needless to say, perhaps, that 
outside the actual work of the surgery the con- 
duct of a busy dental practice involves the 
writing or superintendence of a considerable 
correspondence and book-keeping. 


Chntinued 
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HISTORY A NEW DYNASTY FOR ENGLAND 

39 The Work of Sir Robert Walpole. Wolfe’s Capture of Quebec, 

conttnuert from Canada and India. The Gordon Riots. The Ministry of William Pitt 


By JUSTIN 

'THERE was no direct hoir to th© throne when 
* Anne died, and the supporters of the Stuarl^ 
and those of the House of Hanover hoped to 
snatch the crown. The House of Guelf, to which 
George the Elector belonged, traced its descent 
to the days of Charlemagne. One of its members 
had married a daughter of Henry II., and thus 
founded the Brunswick family. 

George the Elector was bom at Hanover on 
March 28th, 1600. He was the oldest son of 
Ernest Augustus of Hanover and of the Electress 
Sophia, daughter of James I., and was thus 
connected with the line of English sovereigns. 
'On Anne’s death he was proclaimed King of 
Great Britain and Ireland. He had been Elector of 
Hanover since 1698, and had fought in the cam- 
paigns of Marlborough. In 1682 he had married 
his cousin, the Princess Dorothea of Zell. The 
marriage was unhappy, and ended in a divorce. 

Sir Robert Waipole. George I., on his 
ac^ccssion, immediately nominated an entire 
Whig Ministry, with Charles To'wnshend as 
Prime Minister. Ho was, however, soon suc- 
ceeded by the famous Sir Robert Walpole, who, 
during the reign of Gt^orge I., practioaUy ruled 
the count ly. Ho had held office in Queen Anne’s 
reign, but was found guilty of peculation, 
expelled from the House, and imprisoned in th© 
Tower. In 1715 he became First Lord of the 
Treasuiy and Chancellor of the Exchequer. He 
resigned two years later, but on the death of 
Stanhope he again filled both offices, which he 
held until his resignation in 1 742, when he was 
(T(*ated Earl of Orford. 

He was a great financier as well as a great 
statesman, and it was his financial genius which 
prevented the most serious consequences from 
following the failure of the South Sea Company — 
the “ South Sea Bubble.’ 

The story of the Stuart risings in the reigns of 
George I. and George II, has already been told. 
In 1723 Bolingbroke returned to England, joined 
the opposition to Walpole, and contributed to 
f ho “ Craftsman,” a political publication of that 
time started by Bolingbroke and Pulteney. A 
brilliant politician of that day was Carteret, 
afterwards Earl of Granville, another bitter 
opponent of Walpole. 

George II. George 11., who succeeded his 
father as Elector of Hanover and King of Groat 
Britain and Ireland in 1727, was bom on November 
10th, 1683, and was declared Prince of Wales in 
1714. He took a more active part in the govern- 
ment tlian his father before him had done, but 
during the early part of his reim| Sir Robert 
Walpole waa still the ruling powlr George 11. 
was not a man of any ^at qualities, and his 
private life was, like his father’s, immoral, 
although he was much influenced by his wife. 
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England was at peace with other countries 
until tlie death of Walpole in 1745. During that 
time many treaties were made, one with Spain 
in 1729, ^own as the Treaty of Seville, which 
was confirmed two years later by the Second 
Treaty of Vienna. In the same year Townshend 
retired Ix^cause Walpole compelled him to reject 
the Pension Bill. 

The Tax on Wine and Tobacco. 

Walpole wished to follow his tax on salt by one 
on wine and tobacco, but this was so unp^ular 
that he had to abandon it. The Definite Peace 
of Vienna was siraed in 1738. Walpole retained 
his majority, and Bolingbroke went to France, 
where he remained until 1742. In the follow - 
ing year occurred the famous Porteous riots in 
Edinburgh, caused by the hanging of a smu^ler 
called Wilson. Captain Porteous, of the City 
Guard, commanded his soldiers to fire on the 
mob who had rioted, and some of the people 
were killed. Porteous was condemned to death, 
but on being respited by the Government was 
seized by ui© rioters and hanged. The Lord 
Provost was dismissed, and the city had to 
pay the widow of Porteous £1,500. 

in 1737 the Prince of Wales quarrelled with 
the King about his jointure, in which the King’s 
party were successful in Parliament. Two yecurs 
later Walpole was compelled to declare war against 
Spain, but th© expeditions which were sent were 
not successful. In 1742 the Government came 
in with such a small majority that Walpole re- 
signed office, and in the next year Henry Pelham 
became Prime Minister. The question of th© 
Austrian Succession now came up again, and a 
large army of English and Hanoverians was sent 
to the Netherlan^. Geor^ II. took part in the 
war, and commanded the English ana Hanover- 
ian army at the Battle of Dettingen in 1749, 
where he greatly distinguished himself. No 
English king has since taken part in a battle. 
Two years later the King’s second son, the Duke 
of Cumberland, fought in the Battle of Fontenoy, 
in which the Frencm, under Marshal Saxe, were 
victorious. In this war the Irish Brigade, com- 
posed mainly of Irish exiles, fought on the side 
of the French. The Treaty of Aix-Ia-dbapolle 
ended the war in the Netherlands in 1748. 

The Seven Y ears War. In the meantime 
Pelham had resigned and returned to office. 
In 1751 the Reform of the Calendar was intro- 
duced, and in 1753 Hardwicke’s Marria^ Act. 
Pelham died in 1754, and Newcastle became 
Prime Minister. The l^ven Years War began in 
1756. Minorca was captured by the French, and 
Newcastle resigned. In the same year a Coali- 
tion Ministiy was formed, with Pitt as Prime 
Minister. The King had for a long time refused 
to receive Pitt as a Minister, but had at length 
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been compelled to give way, as it was impossible Wilkes was sentenced to a line of £1,000 and 
to fonn a Government without him. Pitt thus imprisonment for twonty-two months, and a new 
became Secretary of State and Leader of the writ was issued for Middlesex ; but Wilkes was 
Commons. again returned. Whenever the law declared him 

The Seven Years War went on with varying disqualified to sit in Parliament the electors of 
success. The Duke of Cumberland was defeated Middlesex again 'elected him, and when at last, 
at Klostor-Seven, and compelled by the French in 1774, Parliament was dissolved, and Wilkes 
to capitulate. In 1758 Ferdinand of Brunswick was again returned, the contest was not re-opencd, 
succeeded him, and in the following year he won and he was allowed to take his seat, 
a great victory at Minden. In September of The Gordon Riots. Lord North became 
the same year Admiral Boscawen defeated the Prime Minister in 1770, and rc^mained so for 
French at Lagos. One of the great evente of this twelve years, during which the country was in 
year was Wolfe’s capture of Quebec. This victory reality ruled by the King, of whom North was 
laid the foundation of one of England’s finest merely the instrument. These ye^ars were 
Colonies. The leaders on both sides were killed disastrous for England. The policy of coercion 
in this struggle — the Marquis of Montcalm in used by the King’s wish towards the American 
the hour of defeat, and Wolfe in the hour of Colonies led to the American Revolution, the 

victory. In November Hawke defeated Conflans story of which is told later. In 1778 Lord 

off Quiberon. North wished to resign in favour of Chatham, 

Clive, the Hero of Plasaey, In the but this the King refused to allow, and the 

meantime the great English soldier, Robert death of the “ Great Commoner ” in the follow- 

Clive, who has bwn called the real founder of the ing year left the King free to pursue his own 

Aimlo-Indian Empire, won the famous victory policy with regard to America, in spito of the 
of Plassey, and in 1759 the siege of Madras was remonstrances of North and the resignation of 
raised, and Coote took Wandewash. several of his colleagues. The Gordon Riots began 

Geoige II. died on October 25th, 1760 — the in 1779 by a meeting in St. George’s Fields of a 

year following these famous victories. body of ^,000 people to present a petition for 

George III., his grandson, succeeded os King the repeal of the Catholic Relief Act. The mob, 

of Great Britain and Ireland and Elector of encouraged by Lord George Gordon, forced 

Hanover. He was born in London on June 4th, their way into the House of Commons. The 

1738, his father, Frederick, Prince oi Wales, House adjourned and the mob dispersed, but 
having died before George II. In 1761 George committed all manner of acts of violence. Gordon 
III. married the Princess Charlotte of Mecklen- now thought his followers were going too far, and 
burg-Strelitz. George III.’s reign was one of the tried to restrain them, but it was too late. The 
longest in English history. In it occuiwd some Commons met after the adjournment on June 6th, 
of the greatest events of all time, and in it, too, and decided to consider the petitions, but the 
lived some of the greatest of English statesmen. same night the mob broke open Newgate and 
George III. was very different from either of his released the prisoners. The King behavecl with 

predecessors. He had no intention of leaving the courage and resolution, and the military were 

country in the hands of his Ministers ; he wished immediately employed to put down the riot, 
to rule himself. The Minister who had most intiu- Fox’s East India Bill, Notwithstand- 
enoe with the King was Lord Bute, who \ras, ing the King’s dislike of the Whigs, there 

however, extremely unpopular with the English was now a Whig Ministry, and in 1783 the 

people. The King was violently opposed to the Coalition Ministry of Charles James Fox and 

Whigs, and in 1761 the “ King’s FViends,” as they Lord North camo in, resolved to break th* 

were called, succeeded in driving Pitt — after- Royal authority. The King determined to appeal 

wards the famous Earl of Chatham — from powder. to the country against the Government, and by 

The Prosecution of Wilkes. The unconstitutional means procured the rejection 

Peace of Paris, in 1763, reversed the policy of Fox’s East India Bill. Parliament was dis- 

of Pitt. George Grenville was Prime Minister solved, and the elections resulted in a victory for 

in 1763, and was succeeded in 1766 by Rocking- the King over the Whigs. William Pitt, the son 

ham. Pitt, now Earl of Chatham, would have of Chatham, formed a Government in 1783, and 

been willing to become the head of the Govern- under his a^inistration England was powerful 

mont but for an illness which made it impossible, and prosperous, and the popularity the King 

and the Administration was continued by the gained in consequence was entirely due to the 

Duke of Grafton. The prosecution of John Wilkes genius of his great Prime Minister, The King's 

for the famous No. 45 of the “ North Briton,” the mind became affected in 1789, but he soon re- 

paper in which he criticised the King’s Speech, covered. The public rejoicings at this event were, 

mode him the most popular man in England, perhaps, due more to distrust of the Prince of 

and his name has ever since been associated Wales than to any enthusiasm for the King; and 

with liberty. Wilkes was at this time Member for the outburst of the great revolution in France 

Aylesbury, but as he did nob obey the order of had the effect of inducing many of the moneyed 

House to attend in his place he was expelled classes to support the Throne. But the lower 

in his absence. In 1768 he stood for Parliament classes suffers much from repression and injus- 

for the City of London, but, being defeated, he tice, and were consequently glad to welcome the 

at once b^ame candidate for Middlesex, and new democratic doctrines which were gradually 

was elected by an overwhelming majority, spreading over Europe. 

Continued 
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A NEWSPAPER IN METAL 

The Foundry. Stereotyping’. The Pupier Machd Process. Quick News Methods. 
The Autopiate. Electrotyping. The Dahriel Process. Finishing Blocks 


By W. S. 

'T'HE process of printing wears out tjrpe, 
* every impression flattening the surface by 
an imperceptible yet definite degree. Type 
is costly, and the printer naturally seeks out 
means to lessen the wear and tear on it. -Other 
considerations prompt the idea. For instance, 
many books run to 600 pages, and no printer 
could allow all that amount of type to stand 
in pages. Of course, the obvious remedy is 
to print off the first formes, distribute the types 
and use it for the following portion of the book. 
But if another edition of the book is called for, 
it all requires to be set anew. By taking a 
mould off the pages, from which any number 
of reproductions can be cast, all that expense 
and trouble may be obviated. 

The Paper Process. 'Hie paper process 
may be resolved into four parts: (1) the com- 
position of the “ flong ” ; (2) forming the 

matrix ; (3) casting the plate ; 

(4) finishing the plate. 

Typefounders have so simplified 
the furnishing of the stereotype 
foundry that a complete equipment 
could oe carried in a wheelbarrow ; 
but as conoentfation, in this case, 
produces complexity, 


(Open) 


we will go into a large 
modem foundry, where 
everything can be seen 
on an expanded scale. 

First there is the metal- 
pat, in which has been 
melted an alloy of lead, 
tin, and antimony, 
heated by a fire or gas ; 
next stand the hat 
plaie, a tabic with an 
iron top, hollow, for 
heating from the in- 
side by steam or gas 
or coal furnace fumes, 
and over the end of 
the table the matrix- 
press, looking in every respect 
like a gigantic letter-copying 
press. Firmly based on its thick 
legs stands the large iron-topped 
imposing table [82] ; near it is the 
chase-rack, holding a number of chases, ranging in 
si^ from large quarto to little things capable of 
holding a small card. Over a bit, out of the way 
of the founding operations, we see the machine 
department, with circular saw [81], cuttii^ lathe, 
bevelling tool, and shaving Igpfe. On the 
benches and tables lie bnwe^ shears, and 
various small implements. In small olHoes, the 
hand shooting- boaurd and plane, shown in 28. is 
used. Scarcely observable, but most important, 
6556 
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sits the paste-pat, with its brush, and on the 
bench near lies the store of tissue and blotting 
papers, v^thout which the paper process would 
be impossible. 

MaKing the Matrix* This array of 
tools and appliances will become intelligible as 
we proceed. The forme is brought in from the 
composing-room. If it is a large forme, the 
stereotyper usually breaks it up into smaller 
sections, the unit preferred being two pages. 
Damping the type to make the letters cling, 
the wor&nan unlocks the forme, sets the clamps 
round the first section, and locks it up. He 
now prepares the flong. On a sheet of thick 
blotting-payor a thin layer of paste is brushed, 
and upon it a sheet of tissue-paper is evenly 
laid. Another application of paste, and another 
sheet of tissue, and then another two sheets 
pasted as before, compose the flong. Oiling the 
surface of the t 3 rpe, the workman 
lays his flong over it. This done, 
he puts a Hnen sheet over the 
flong, and, taking a long brush [80], 

28. FLAT SHOOTTOO BOABD 

t3q3e. Tme linen cover protects 
the soft, pasty composition, while 
conducting the blows 
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of the brush bristles. 
Beating the flong 
demands dexterity, 
supple play of wrist, 
and fine judgment. A 
few unsteady or 
irregular strokes ruin 
the whole thing. When 
the flong has been 
sufficiently beate-^ a 
sheet of stout wrap- 
ping-paper should be 
paih^ on the back to 
strengthen it, and then 
the forme, with the 
flong on it, is carefully 
removed to the hot 
plate. Protected by a few layers 
of blanket, the forme is run under 
the press, which is screwed tightly 
down on it. In a few moments 
the press is unscrewed, the forme 
drawn out, and the matrix cautiously skinned 
off the face. Having been tightened, the fonne 
is sent back. Pasting a flap of brown paper 
on the l^ttom of the matrix, the woixman 
stretches it out on the hot plate under weights 
at each comer to dry. 

Casting the Stereotype Plate. When 
the matrix has been thorooghW baked, it is 
trimmed and made ready for the oasting-box. 
ISie casting-box [29] is merely two thick iron 


CASTING BOX 


(Closed) 


BKATING BRUSH 
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baked 



plates, loosely hinged together at one end, fitted 
with oldsing clamp at the other, and mounted on 
a stand with swivels and springs that hold it in 
either a horizontal or vertical position. For the 
reception of the matrix the casting* box is put 
in the horizontal position, and the upper plate 
lifted back. On the level plate 
matrix is laid, and round its 
three sides flat bars of steel, 
an inch broad and J in. thick, 
are set. The upper plate is 
brought down, and a mould 
formed. Firmly clamped, the 
casting-box is turned to the 
vertical position. The flap we 
saw fixed to the matrix now 
lies over the mouth of the 
casting-box, and forms a feeding- 
apron for the metal. Having 
filled his ladle at the melting- 
pot, the caster pours the metal 
into the mould. Lead settles 
and cools quickty. In a minute the mould is 
opened, and a bright new plate comes out. 

Trimming and Squaring the Plate. 
When the stereotype plate leaves the mould 
it is not ready for printing. A quantity of 
superfluous metal hangs about it, and other 
finishing touches are needed. Clear off the 
tags and rims with the circular saw [81], a 
toothed disc of steel set on a spindle within an 
ii'on table and driven by power. Our plate is 
too thick and the back too rough. For remedying 
these defects we have the planing machine or 
shooting-board and plane [28]. Hasp the 
top and bottom of the plate with a file to 
the depth you see necessary as a guide to 
the tool. Otherwise it may shave off too much. 
When the knife has passed over the plate it is 
of the right thickness and as smooth as glass. 

If you look at an old stereotype plate, you 
will see that the edges are 
smooth and slanted or 
bevelled, whereas a plate 
fresh from the saw has a 
rough and straight edge. 

Besides, the sawn plate is 
seldom exactly square. The 
inventors have foreseen the 
need, and provided squaring 
and bevelling machines in 
numbers. The best and sim- 
plest consists of a movable 
iron table, fitted with screws 
and gauges for fixing the 
plate, set against a vertical 
spindle, capable of being 
driven at enormous speed 
and armed with a triple 
knife. Protect the face of 
the plate from the iron table 
by a p^ or blanket, set it true in position, 
and let it move slowly along the whirling knives. 
In a few moments a miishea plate results. 

QuicH News Methods* Book-printing 
is ra^r a leisurely business. A day or two 
lost in the production of a book matters very 
little. With the newspaper the case is 


altogether different ; it must be out every 
morning to the minute. Four large sheets, 
containing as many words as an ordinary novel, 
have to be set, stereotyped, and nearly a million 
copies of them printed in the space of a few 
hours. 

The storm centre of this cyclone of labour is 
^ the foundry. As every page 

comes in on the trolley table 
there is a sudden rush of busy 
men, and the foundry becomps 
the scene of arduous labour. 

Yet the storootyper has not 
been caught unawares ; he has 
been ready for the rush. Sheets 
of flong have been prepared and 
cut to page size, and he waiting 
between 4ftmp cloths. The huge 
metal -pot is at . the projKT 
81. OIROITLAR SAW AND BBVBL- heat; the hot press awaits the 
LINO MACHINE (II. H<»u <fe Co.) forme, and the casting-box stands 

in position. It is round, like 
the segment of a circle, and this stigment fits 
the circumference of each cylinder of the great 
rotary printing machines which will shortly bo 
rolling off the newspapers at the rate of 90,000 
per hour. 

WorKing Against Time. The adver- 
tisoment pages come in early, and they art* 
cast in & more deliberate way than the late 
news pages. But the appliances and methods 
are the same. The forme comes in on the trolley, 
or table, and the workmen promptly slide it 
on to the imposing stone, or table. A swift 
brush with oil makes the t 3 q>e surface glisten, 
and then the flong hides it from view. Two 
men rapidly beat the flong into the ty|)e with 
brushes. Or, if the equipment is up-to-date, a 
flong-beating machine [88] performs the op<‘ra- 
tion even more quickly. A thick sheet of paper 
is pasted on the back of the flong. Further 
protected by a flannel sheet , 
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the forme is run under the 
roller geared at the end of 
the table, which deepens the 
impression on the flong [84 1. 
Pressed and dried in the 
way formerly described, the 
matrix passes into.tho circular 
casting-box, and is cast. The 
finishing tools in the news- 
paper stereotyping foundry 
are automatic, as a rule. Tlie 
trimming saddle is a ourvtHl 
block, equipped with cutting 
tools at ena and side. On 
this the plate is fixed, and 
the knives quickly shear off 
the tags and margins on one 
end and side. To turn the 
plate round takes no time, 
and in another moment the whole plate is 
trimmed. But the back of the plat^e may be 
rough and uneven, and our flat planer is of no 
use for that curved thing. A planer has been 
devised to meet the need. This is a lathe with 
circular bed and circling knife. Laid face down- 
ward in the circular bm, the back of the plate 
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yields its irregularities to the cutting tool, 
which rapidly moves in the same circle as the 
surface of the machine cylinder. The first 
stereotype plate can be produced complete in 
ten minutes, and subsequent plates in a much 
shorter period. 

No newspaper ofiice is exactly 
like another, and in every ofiice 
improvements are always being 
devised. For that reason we have 
purposely avoided minute details, 
and confined our description to 
the general features of 
theprocess. 

The Autoplate. 

Rapid as the process 
of stereotyping for news- 
papers has become, the 
demand is for processes 
more rapid still. Short 
though the pause is 
between the locking-up 
of the formes and the 
coming of the stereo 
plates dowm the lift, it 
occurs just in the period 
when seconds are 
precious. The obvious 
remedy was a stereo- 
typing machine, but it was easier to point to 
the way out than to invent the machine. In 
course of time, however, the desired time-saver 
appeared in the shape of the machine known as 
the “Autoplate** [86]. This machine consists 
of a casting mechanism and a series of finishing 
mechanisms which automatically co-operate in 
one machine to make the casts and finish 
them. It runs at the rate of betwe^ three 
and four plates a minute, and turns out a 
better quality of printing plate — with a harder 
and finer surface — than it is possible to make 
by hand. The improved quality of the plates 
is more particularly evidenced in pages con- 
taining illustrated matter, by reason of their 
being cast under great pressure. 

In the casting mechanism, at one end of the 
machine is placed the matrix. The operator, 
by the turn of a lever, starts the machine casting, 
and it proceeds automatically until the desired 
number of plates has been made and sent to 
the finishing devices. Then the matrix is 
removed, and another inserted, an act which 
requires but an instant of time. 

During the omration of the machine the 
matrix is cared for automatically; and having 
been once inserted and secured, it requires no 
further attention until the full quota of plates is 
cast. The mechanism is so oonstruoted that the 
matrix is manipulated with the utmost gentleness 
and precision, and a large number of casts can 
be made from a single mould without injury 
to it. 

This, the latest of laige inventions in the 
printing world, has suppli^ another link in the 
long chain of machines by which the^rinting 
process is carried through with scaroely4Re touch 
of- a human hand, save in the direction of the 
mechanical powers. 
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The Science of Electrotyping. The 

electro-room used to be the arcanum of mystery 
to the ordinary prmter. Here processes were , 
carried on which fie had no means of tmder- 
standing. To get even an inkling of the secret 
he had to pore over dry textbooks on electricity, 

f alvanism, metallurgy, chemistry, and mechanics, 
levelopments in two direotions have changed all 
that. One is the growth of teohnioal education ; 
the other is the su^titution of the electric dynamo 
for the galvanio battery in the electro -room 
itself. To manage a galvanic battery properly 
a man required a clear know- 
ledge of itA principles and action, 
and this involved a smattering 
at least of chemistry and metal- 
lurgy as well as a grasp of galvanio 
theory. Even now the student 
would do well to study those 
sciences, if he desire to become 
master of the electro-room. As 
a groundwork he should read 
studiously the articles in the . 
Sklf-Eduoator on Metallurgy, 
Chemistry, Electricity, and Elec- 
trical E^gineer^, with social 
reference to acids in Chemistry, 
silver and copper in Metallurgy, 
and galvanic action and elec- 
trolysis in Electricity. In the electro-room of 
the present day the work is practical, and may 
be learned like any other trade. 

The Dlecovery of Electrotyplog. 
About 1839 three men. Professor Jacobi, of St. 
Petersburg, C. J. Jordan, of London, and Ihomas 
Spencer, of Liverpool, appeared to claim credit 
for discovering that the deposit of a metal 
electrically corroded might by the same action 
be deposited on a mould with electrical afiSnity. 
This meant the discovery of electrotyping. 
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The “ London Journal ” for April, 1840, iq)- 
peared with an electrotype plate, and 8avage*B 
•‘Dictionary of Printing,’* published the year 
following, gave several specimen plates prodnoed 
by the process. 

The {HTOcees of eleotrot 3 rping may be divided 
into six acta. (1) Mould^g the fenne; 


tlNTII 


(2) trimming the mould ; (3) treatment of the 
mould in the trough; (4) releasing the shell; 
(5) baoking the shell ; (6) finishing the plate. 

The £lectro«room. The furnishing of 
the electro-room differs very 
much from that of the foundry. 

The equipment is larger, for 
the process is double. Here we 
have all the appliances and 
machinery for casting a plate 
and the apparatus required 
for forming the wax mould 
and depositing the electro 
besides. 

The forme is prepared in 
the same way as for stereo- 
typing, but the locking-up 
apparatus is different. Wooden 
quoins and furniture should 
not be used in the electro- 
room, and cast-iron chases 
are unsuitable. Wrought-iron 
chases, heavy and strong, 
fitted with screws for looking 
up, are the best and simplest. 

Wlien screwed up and cleaned, 
the forme is covered with 
blacklead brushed on to a 
high polish. 

Wax is the main substance of the electro- 
mould. Every firm has its own favourite com- 
position, but this may be taken as a fair average : 
20 lb. beeswax, 3 lb. Venice turpentine, 8 oz. 
blacklead. The meUing-pot, heated by a gas-ring, 
sits in a flat iron plate. A water-jacket round the 
pot distributes the heat evenly — a considera- 
tion with such a substance as wax. The wax is 
now poured into a moulding-case — a sheet of 
lead w'ith a flange a quarter of an inch in height 
all round. Within a few seconds the wax has 
hardened, and the mould must now be pressed 



86. BLAOKLSADXNG 

(Tlie cover has been removed) 

on to the forme. Many forms of press are used 
for' this purpose. The essential qualities of a 
mould pre€$ are power and evenness of pressure. 
No matter what form of press ho uses, hydraulic 
or toggle, the workman has to learn by practical 


experience how to adjust the pressure to his 
need. After being pressed the mould is removed 
from the type, and put into the hand of a 
skilled operator, who huUda it up. cutting down 


excrescences, filling up defects, and rendering 
the mould solid and clear. 

The BlacKleading Machine. The 

builder has done his best, and now the mould got's 
on to the blackleading machine [861. Outwardly 
this machine looks like a large box set on legs. 
In the box we find a moving lattice-table, and 
across it a pair of long-haired brushes fixed by two 
arms to a driving shaft. The mould is laid face 
upward on the table and sprinkled with black- 
lead. Then the box is shut, the lattice tabl<‘ 
moves to and fro, the brushes rapidly vibrate 
on the face of the mould, and bring it to a high 
state of poh'sh. A few finishing touches wkh a 
camel-hair brush, and a rub up with the han<l 
brush, make the mould ready for the platin>> 
trough. 

Vl'^on a workman loves his work he is not 
content to follow mere routine practice, getting 
the job through anyhow ; ho thinks out little^ 
improvements, and adds them to the process. 
One eminent practitioner, for instance, has found 
that by coating the back and outer parts of the 
mould with an insulating varnish, better results 
are obtained. Another has devised a method of 
using sulphate of copper in contact with iron 
filings, so as to produce a thin film of copper on 
the mould, before it goes into the trough, thus 
facilitating the formation of the plate very 
considerably. 

The Bath. The trough or bath [87] should 
be made of wood, 3 ft. deep, 4 ft. long, 2 ft. 
wide, lined with sheet lead, or thick plate glass. 
Across the trough strong copper wires are fixed 
for holding the moulds, while at the side, within 
the trough, hang the copper plates called the 
anodes, Uterally the ways of the electric current, 
and practically the decomposing metal which is 
distributed on the mould. Water, strengthened 
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Showing a cast in Ute rough, one undergoing the laat of the dressing oijenitions, and 
a finished plate. The matrix is inserted at the riglit-hand end and the pnHiuct 
delivered at the left, while the refuse is caught by the waste-box, as shown . 
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by sulphuric aoid and sulphate of copper, fills 
the trought The moulds are hung in the solu- 
tion by means of copper hooks linked on the 
rods. Now the electric current is sw'itched on 
from the dynamo, and the work of electroplating 
has started. With the old galvanic battenes 
the process took at least twelve hours for an 
ordinary plate, but the current of the dynamo 
makes a thick plate in leas than half the time. 

Making the Flate« The shell has formed 
a thickness of in., and is ready for removing 
from the bath. Taking the mould from the 
solution, the operator puts it under a stream of 
hot water, and frees the shell. After close 


high-class illustrated productions had to be 
produced by the expensive and lengthy process 
of electrotyping, which, a sa general ruk, took 
about six hours. 

The Dalslel Process. Dalziers inventiem 
consists of a specially prepared plastic mixture 
(the ingredients of which are his secret) spread 
on a sheet of prepared pax>er. This is impressed 
as a mould on the blocks or formes required to 
be reproduced. So perfect is this mould that it 
yields facsimile the finest detail in the original 
half-tone or other blocks. The stereo-plate is 
made by running a specially prepared hard 
metal into the mould. These two operations 


examination and mending of faults, if any, the 
shell is laid on the backing pan, a shallow, 
oblong iron tray, with handles at both ends. 

No amalgam of lead 
will join on to copper, 
and the backing 
metal is composed 
of lead, antimony/, 
and tin. How is the 
difficulty to be got 
over 1 The electro- 
typer has already 
answered the ques- 
tion by finding in 
granulated tin a 
metal combining 
readily with both 
metals. Having been 
spHnkled with enough 
tin to cover the shell 
with a thin film, the 
pan is suspended / 
over the square metal 
melting-pot on hooks 
geared in a frame 
above, and slowly 
let down into the elbctro’ 

molten metal. M 


1 , if any, the take less than one hour, the result being equal to, 
, a shallow, if not better than, the finest possible electrotype, 
b both ends. When a very large number of impressions is. 

required from Dalziel 
stereos, they are 
dipped in a nickel 
depositing bath for 
a further period of 
16 to 20 minutes. 

The merits of the 
invention may be 
appreciated by the 
fact that many high- 
class publications, 
such as the “World 
• and His Wife,” are 
printed entirely from 
these stereos. 

Mounting Plates. 
Stereotype, electro- 
type, and all kinds 
of metal plates re- 
quire to be mounted 
on a bed of wood 
or metal to make 
them equal to t^^po 
87 . ELBCTBOTYPiNO TBOIJOH height. Various 

forms of blocks, or 


the pan comes within the heat of the pot the 
tin melts, and spreads all over the inside of the 
sh(*li. Then the pan is lifted on a level frame, 
and molten lead poured on to the required 
height. 

The finishing of an electro-plate requires more 
delicate handling than the dressing of a stereo- 
type plate, but the appliances and methods are 
practically identical. 

Superseding the Electrotype. As 

may be readily understood, the foregoing process, 
consuming six hours of time, hardly contented 
the publishers of illustrated journals. Up till 
1891, however, it seemed scarcely possible to do 
better. Common stereotype plates could not be 
made to reproduce fine illustrations, and the 
electrotype was the only apparent alternative. 
But in that year, Mr. Harvey Dalziel invented a 
process which completely changed the aspect of 
affairs, and gave into the hands of the printer a 
new and highly efficient method, capable of pro- 
ducing plates as swiftly as steieotymgg, and as 
finely as eleotrotyping. Dalziers was 

invented in 1891. Ftevious to this date all 


mounts, have been ingeniously devised. Type- 
founders and engravers who make a business 
of supplying illustrations to the trade usually 
mount them on solid, mahogany, ^fessedly 
of type height, though sometimes we printer 
finds good reasons for questieming the validity 
of the profession. [See Typbfotjkdino.J Wood 
is not BO reliable as metal, the wetting and 
drying, heating and vibrations to which formes 
are subjected in the various processes tending 
to warp and split even the beik wood. Of late, 
metal mounts have come into almost universal 
use for stereotype and electro plates. Different 
patents are us^, but the principle of them all is 
nearly the same. Metal block- mounts in two parts 
readily look together, making up to different sizes, 
and clasping the four sides of the plate by narrow 
rims ana brass catches. These blocks or mounts 
not only make mounting an easy matter of putting 
two pieces together ; they also facilitate the 
work of imposing successive formes. All that 
the workman n^^ to do in such case is to 
unlock the forme, loosen the catches, lift out t^e 
plates already printed, and put in the fresh plates. 


Contimed 
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VARIETIES OF BASKETS 

The Square Basket and its Mantdkctnre. Ornamental Borders. Oval 
and Fruit Baskets. Workbaskets. Wicker Chairs and Crates. Toys 


Group 23 


APPUED 

BOTANY 

10 


BAkKKT-MAKIMd 

ooutlnued from 


a general rule, the framing of a square basket 
is much stronger than the skeleton of a round 
one, though, of course, small square baskets may be 
built up on very fine lines, like those shown in 5 and 
15. Suppose we elect to make a square basket 18 in. 
by 12 in., or thereabouts. As manv square baskets 
are shallow, this one need not be deeper than 8 in. 

The Bottom of the Square BaeKets 

Selecting eight un watered sticks 21 in. long, and 
about ^ in. in diameter, we straighten those of them 
which may be crooked with the commander [2, m, 
page 6489j. The two thickest are placed in the 
screw block [8], about 11^ in. apart., and fixed in 
position. Next, the others are put into the grip of 
the block, the thinner ends alternating with the 
thicker, to balance. It is obvious that the difference 
between the diameters of all the sticks must bo 
as slight as possible; but a slight tapering is un- 
avoidable. Having securely fixed the bottom sticks 
bv their ends in the block, the next thing is to begin 
filling up. 

The sticks standing up vertically in the screw 
block, we take two rods, fairly long and equal, and 
begin by a pair. Lay tlie first rod fiat against the 
front of the second stick from the left hand side, 
the butt projecting a little over the third stick. 
\^ile pressing the butt firmly against the second 
stick with the left thumb, 
bring the rod round be- 
hind the outside stick to 
the front, and then round 
behind the second stick, 
crossing the butt, and 
round to the front of the 
third stick. The project- 
ing butt can be fixed 
behind the third stick. 

Introducing the butt .of 
the secrond rod behind 
the third stick, and 
beside the other butt, 
bring it round in front of 
the Murth stick. The first 
rod, if it is to pair regu- 
larly, must come behind 
the fourth stick, and so 
we now have a pair of 
rods working over each 
other. At the outside stick to the right hand the 
pair arc twisted back to start another row of weav- 
mg, and they ore woven together across the breadth, 
making a sound base for this side of the bottom. 

Filling up the Bottom. The whole bottom 
might befilled up by a continuation of the pair ; 
but the common way is to fill up with randing, or 
few coarse work, dewing. With a single rod the 
weaving is continued to and fro across the sticks, till 
within al^ut an inch of the end. A precaution has 
here to be observed. The natural effect of the pulling 
force of the woven rods is to draw the sticks closer 
y together ; if that tendency were allowed to go on 
Vuinoheckc^ we should find one end of the bottom 
'^several inches narrower than the othei*. Practised 
workmen keep the structure in shape by the eye, 
but the bf^tnner has not aequirca that sense. 


A simple gauge may be made with a rod, bent at 
both ends to the size. Applying this at intervals 
to the bottom, as the wort of filling up proceeds, 
the basket-maker keeps his work straight. Having 
filled up to within a short space of the end, wo apply 
another pair, of rods in the same fashion as was done 
at the beginning. Some consider it enough to work 
a doubled rod over that end ; but for the sake of 
symmetry both ends should be made alike. 

The Sides. When the bottom has been firmly 
woven it is taken out of the block, and the pro- 
truding ends by which it was held cut away close 
to the weaving, the remainder left being about 18 in. 
long. Next we select the stivkes for the sides. For 
a basket this size we require eight for each end, and 
thirteen for front and back, making in all 21 pairs of 
rods. The stakes for the ends are cut at the back to a 
long point, and the point of each is thrust into the 
weaving of the bottom, one beside each stick. Like 
the stakes of the round basket the side stakes ajre^ 
given a slight cut on the inner sides, and turned 
sharply up close to the weaving. 

The stakes at front and bock are treated differently. 
It is necessary to drive the stakes throuch the 
outside bottom sticks. Make holes with the bodkin 
in the stick, at equal distances apart ; sharpen the 
ends of the stakes, and drive them through, taking 
care not to split the 
sticks. This done, prick 
up each with the knife, on 
tne side next the stick, 
and turn upwards. In 
order to keep the stakes 
from falling away at all 
angles, gather the top 
ends within an improvised 
hoop or holder. 

Why Baskets are 
ao Stroi]Lg[. We wish to 
make the bosket capable 
of bearing a good weight 
and standing some wear. 
Wo therefore form the 
bottom courses with wales 
of thrtje rods.- The basket 
should be held firm on 
the workboard by a 
bodkin or iron weight. 
Put the first rod in between the first and second 
stake to the right, and bring it round between the 
second and third. Insert the second rod between 
the second and third stakes, and bring round 
between the third and fourtli. Do the same with 
the third rod, passing it in between the thii’d 
and fourth, and bringing it back between the 
fourth and fifth. Now begin weaving. Carry the 
first rod across the second and third, bring it 
round behind the fifth stake, and out to the front 
again. Naturally, the other two rods pass 
round the successive stakes, the second round the 
sixth, and the third round the seventh. Each rod is 
taken in turn and passed behind the stake next to the 
one already passed. Once we have made a beginning 
with such a method of weaving, the rest is easy, 
because it is simple repetition. Having made the 
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breadth of umd we think neoossary^ the wale can 
1)6 finiahod on evenly, and the single stroke called 
randing adopted to fill up the greater i)art of the 
sidcH. 

aad Borders. We might < 
ing nearly to the very top, and then work in a pair 
to finish off, relying on that and the border to keep 
all tight. But anotiier waling course is considered 
better for strengthening the head. A strong and 
bVnaiuental course can be made with four rods 
worked one over and after the other, in the manner 
already describecL When well done the waling 
resembles a rope in appearance, and gives a firm 
backbone to the rest of the structure. 

The simplest and most easily-learned border 
is that shown in our illustration of the square 
basket |5]. The stakes have not been cutoff at the 
height of the weaving, but remain standing up 3 ft. 
or 4 ft. of bare rod. Holding the knife in the right 
hand, iirick (lown each stake on the right side and 
bend over from left to right, so 
that it conies close down over the 
last round of weaving. Having bent 
down the number of stakes required 
for a start — three, four, or five, 
according to the width required 
*for the border — pass them under 
and over each other in regular 
succession. In order to combine a 
stake with, say, five other stakes, 
its length must be proportionate, 
because they are all at equal dis- 
tances from one another. Com- 
pared with a three-stake border, 
the five-stake one must be nearly 
double the thickness, bec^ause nearly 
double the length of rod horS been 
jiut round the same size of basket. 

Tlicre is, however, an obvious 
limit to this method of bordering. 

Cut off the projecting ends of the 
stakes with the picking-knife, and 
lay them aside for the foot, if such 
be needed. 

The Rope Border. Another 
favourite and simple border which is used in fancy 
work ih kno^^^l as the rope design. To begin this, bend 
No. 1 stake in front of No. 2 and behind No. 3. 

No. 2 sfiike in front of No. 3 and behind No. 4. 

No. 3 stake in front of No. 4 and behind No. 5. 

No. 4 stake in front of No. 5 and behind No. fi. 

Now take No. 2, the second 


JNo. u ana nenma jno. /, Denamg ino, n over it. 
Continue right round, and a roi>e border will be 
formed. But, note that the first four rods did not 
follow the rule ; in fact, they could not, having 
nothing to golipon. Now, however, No. 4 has the 
last to work with and No. 1 the fourth last. Pulling 
them out, we combine them with the rest according 
to rule. All the points are sticking out to the front, 
and our next object must be to insert them securely 
into the weaving and form the whole border. Bring 
the point of No. 1 over the point of No. 2, and insert 
it into the next opening made by the curving stake 
beyond. By so doing, we double the curve and fgftn 
the second strand of the rope. Perform the |Hue 
operation with every point, and the result will give a 
fine rope border to the basket which we are making, 
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Plaited Borders. Some borders are made 
by plaiting four pairs of rods together in the simple 
manner known as the foursome plait — that is, 
one pair of rods always crossing over two [ 18 ]. This 


IS not great, nut practice enaoies a ui 
to bring out a large variety of patterns. 

The Foot. To make the foot, turn the basket 
bottom upwards, and insert the tops out from the 
stakes, after the border has been laid down along- 
side the stakes as if for another four sides. Weave 
two rounds of waling on the foot-stakes ; then prick 
them down and border as has been described in the 
finishing of a basket. It wholly depends upon the 
thickness of foot desired what number of stakes are 
laid down. 

Handles. The position of the handles is some- 
times on the border, sometimes on the sides. In the 
former they are made uj) of rods twisted round each 
other and the border in a very simple 
way. Push the ends of two rods, at 
abeut a hand’s breadth apart^ in 
through the border and down* beside 
a stake each. Bend over the one 
from left to right, and pass it 
through under the border on the 
right side of the other rod. Wind 
the second rod three times round 
the bow thus formed, and pass it 
through under the border ; then 
bring it back over the border, and 
lap it round the bow*again ,* repeat 
the action. Now bring the first rod 
into play, and lap it round the bow 
three times, j)erforming the circle 
thrice in similar fashion. When 
finished, the tops are secured, and 
the handle made firm and complete. 
The side handle is made in similar 
fashion at any point on the sides or 
ends before the border is laid down. 
The basis of the cross handle is a 
hoop, worked over with rods on a 
rope pattern. The ends of the hoop 
are sharpened for driving into the weaving, each, end 
besides a stake in the side of the basket. Bent round 
inside the basket to the outside, the rods are wound 
spirally on the hoop, and at the other end twined 
through the structure of the basket. 

Lrida. The lid of a largo square basket, or ham- 
per, if flat, is made in the same way as the bottom, 
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though about to make, a shallow square basket, to 
hold the other within it tightly. The top of the lid 
is treated as the bottom of the shallow basket, ahd 
the sides are ntnlrnH. imnAtfAd fl.nd bArHcrnrl. iiiat. 
the same, the 
the trunk requLwv.. 

Iron Fittings. It is quite possible to make 
baskets of the strongest and most elaborate kind with 
nothing but willow rods ; but a stronger wav of 
])utting on the fittings is to call in the aid of non. 
The hinges of the lid, for example, may be, and very 
often are, made of osier staples linkea together and 
deeply thrust into the weaving. A stouter method, 
however, is to use a set of iron staples and an iron 
rod for the hinges. A^ain, the fastenings of the lid 
of the hamper, which m employed in casing many 
classes of valuables, may be made of willow staples 



6. PUTTING IRONWOBK ON 
SQUARE BASEST 




on lid and basket, semired by a padlock. Bat the 
better, safer, Mid more asual style of lastenmg is 
that shown in onr illustration [6], The hinged plates 
of brass are firmly stapled into the lid, and the 
tongue is brcn^t over the staplefijted inthefrontof 
the basket. Tne fixing of these needs no direction. 

An interestinff departure in the use of iron in 
baskets is that known as “ Parker's patent." The 
special feature of this device is the interweaving 
of a wrought-iron rod 
throughout uie main parts 
of the basket, including 
the handles. For baskets 
employed in heavy work, 
such as coal transport or 
rubbish removal, the idea 
is very serviceable. 

Oi^l BasHeta. In 
the main, the making of 
oval baskets, for carrying 
linen and other such goods^ 
involves principles little 
different uom those of 
the round basket; but 
the bottom is constructed 
in a special way. To form 
a base for the bottom, 
we require a dath made up 
of sticks and rods woven 
alternately over and under 
each other. The number 
snd thickness of the sticks 
is determined by the size 
and quality of the basket, 
but four or eight tying 
rods are required according to the size or tine« 
ness of the basket. Working the rods in two equal 
divisions, the one division directed from right to 
left Mid the other from left to right, crossing 
and interweaving the rods with the st^ks and each 
other, we lay a sound foundation for the bottom 
of the basket. After the structure has been given 
form, the bottom sticks are opened out and filled 
in by weaving, just similar 
to the round basket. 

Whether filled up by rand- 
ing or slewing, the bottom 
is generally e^ed off with 
a pair, to give stiffness to 
the grip on the stakes. 

One thing has to be 
noted about the sides of 
this and other baskets, 
and that is the slant which 
may be given in regular 
measure all round. On a 
bottom 14 in. in diameter, 
we may spring to a rim 
22 in. or more or less in 
diameter. This involves a 
slant which must be care- 
ful^ observed at all points 
and measured occasionally. 

Fruit BasRet with 
Flat, shallow bas- 
kets for holding fruit are always sure tobeindehiand 
at the fruit season, and the basket-makM* usually 
plans to fill up odd times in making them. To 
anyone who his acquired the ability to make an 
ordinary oval or square basket, fruit baskets 
offer no difiieulty. But sometimes the latter 
are made with lids which have some special cbarac- 
teristicB. Let us attend to one of these for the 
short space necessary. Take a stake, mark 



off on it a little more than half the length of the 
basket, the breadth of the basket, and the half 
again with a margin. Make notches at the 
two marks, and bend the ends at right angles. 
This will form half a square to lie along the top 
rim of the basket ; it is half the outside frame of 
the lid. Cut the ends to a slant. Prejiare the 
other half of the frame in the same way, and see 
that the ends are cut so as to join neatly. 

Secure the ends of the 
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first with a loopkl rod to 
the breadth of the lid, and 
then select four or more 
acaUom according to 
the size of lid required, 
and twine the ends on the 
bow at equal distances. 
Shajpe two fairly thick 
sticks the length of the 
whole lid, and lay them 
ready. Now use a long 
weaving rod, lay the butt 
across wie bow, with a bit 
to spare, and twine round 
the bow rod at the left 
side. Bring this top over 
the first Bcallom rc^ and 
round behind the first 
stick. At the same time 
fetch the butt behind the 
Hcallom rod, and bind it 
tightly over the first 
stick. Weave the two 
ends alternately across 
the whole framing, and continue with other weaving 
rods till the half is filled. Work on the second 
half of the bow, and complete the lid. See that 
the jointings are secure between the two halves 
of the bow. Various kinds of fastenin^m are 
adopted and the methods of hinging on the lid 
are also matters of choice. In any case, both 
fastenings and hinges are easily made. 

Double -lid Ba«« 
koto* The dovibh - lid 
basket is a neat style of 
basket used for cnrrving 
drugs, glass, or other sinall 
parcels of fragile ariicles. 
No new principle is involved 
in the making of these 
baskets, though the work- 
manship required is finer. 
One thing must be spwi- 
ally noted— the framing 
is much heavier in propor- 
tion to the weaving than 
in ordinary baskets. In 
fact, the higher classes are 
woven with skeins. The 
double - lid sometimes 
puzzles the beginner a 
little, but^it is little more 
than the two halves of the 
fiat basket wrought and 
finished separately, without, of course, the strong 
sticks. Between the two lids a bridge is made 
across the basket, formed of rods neatly wound 
together with light osiers or skeins. 

Round Cmnm BaoReto* Various pretty 
round ^skets may be made of cane-pith. Being more 
fiexibK and theiefore easier to work than osier, 
cane-pith is utilised for every kind of small basket. 
A simple and very useful round basket is made 
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by crossing over two sets of canes, tying them 
together, weaving n round bottom with jn>Hnd>out 
plaiting, turning all the canes up, 'and continuing 
weaving to the top of the size designed. As a rule, 
tlie he^ is simply finished off with a rope or treUtH 
border. For this purpose, the stakes, or radials, are 
left very long. We have looked at the rope border, let 
IIS glance now at the trellis. Turn down stake No. 1 
lK*hind stake No. 2, and thrust into the side of No. 3. 
By this method, we form a series of hoops on the 
top of the basket, showing a very graceful border. 

Fancy Strokes. At the beginning, when- 
ever that was, the basket-maker taught the weaver ; 
but the worker of yarns has far outmastered his 
teacher, and now lie can learn how to combine pat- 
terns from him. By varying the length of the 
crossings of ^ the plaited yarns the clothmaker 
brings out fine effects, and the basket-maker has 


Select other eight canes of a size or two thinner, 
weave them across the frame, four one way and four 
the other. Into each comer fix a small upright. 
With skeins weave double a solid web along the 
whole frame. Bend up the crossing canes to form tl\e 
stakes of the sides, which may be of any nice pattern 
the maker may fancy, the main thing to keep in view 
being the stability of the basket. If the pattern 
is to be an elaborate one, additional stakes must be 
put in. Taking advantage of this, we might make 
a fine trellis. Having t&ust the added canes well 
into the bottom weaving, we bring them round on a 
level with the other stakes. First secure all with a 
double row of weaving ; leave an open space of 
about one-third the height of the sides, and weave 
another double row. With the ends of the added 
stakes and the stakes of the frames we have anifile 
material for making a close design of trellis-work 



VARIOUS ARTICLES IN WICKER 

9, Sexagon fane V soiled linen basket of wicker and rush plait 10. flower basket 11. Partition Itosket for sauce 12. fancy 
waste-paper basket sided up with straw plait and rush plait 13. White wicker work table 14. Decanting basket for wine 
1 5. Buff picnic basket 1 6. Bassinette, oross-iltched 1 7. N«it of flower Imskets 1 8. Nest of dog baskets with plaited borders 


also learned the secret. Using flat stakes for the 
sides of baskets pretty effects are produced by 
making a square of alternate crossings surrounded 
bv skeins passing two uprights at a time. Zig-zags, 
checks, sU'ipes, and even figures are produced 
in this way. Stained canes, or osiers, give an even 
wider range to the artistic taste. 

Fancy Shapes* The rugo for cheapness 
has spoiled somewhat the pleasure of the worker 
in the trade. Many of the fancy baskets which 
obtain a large scale are mere framings twisted, or 
what is most atrbeious, nailed together, and woven 
in with fancy plaitings of straw. But the genuine 
article obtains a steady market if it is also tasteful. 
A neat workbasket can be made of light canes 
on a wooden framing, and with handles coming 
from the four comers to the centre. But we prefer 
the same model formed wholly of cane. It is not 
so easily worked, but the results are better. 
rod of oane-pith, measure into four equal parts, m^s, 
notch with a picking knife at the comer points, bend 
so as to form a square, and bind the ends together. 


of any pattern which may be fancied. Cane-pith 
being so flexible may be twisted to any shai^e 
without injury, if the fibres be kept flat. 

Varieties of Wicker-work. The basket- 
maker and wicker- worker put out a large and wide 
variety of articles [ 9 - 18 ], ranging from the toy suite 
of furniture of the dolls'-house to the comfortable 
wicker armchair [7], from the baskets of Easter 
eggs delightful to the children to the crates carry- 
ing the parcels of the Post Office, and the bodies 
of motor-cars [ 8 ]. After he has learned the 
mysteries of randing, slewing, fitching, cross- 
fitch ing [ 16 ], staking, upsetting, and waling, the 
voung basket-maker is on the way to a mastery of 
his trade which practice alone can give. 

The photographs which illustrate ^ese articles have 
been taken m the works of Messrs. G. W. Scott & 
Sons. 

Figure 4 is from an engraving of a waste-paper 
basket made by Mr. Thomas Okey for the Society 
of Arts to exemplify the chief strokes used by the 
basket- maker.* 
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Group 22 

PERCUSSION INSTRUMENTS & BELL-RINGING music 

tncludinff the Drums, Cymbals, Triansrle, Seraphiue, Duldtone, 

C asta n ets, Celesta and Glockeitspiel, and the Art of BeU-Rinipn^ 


By PAUL CORDEK and ALGERNON ROSE 


THE DRUMS 

By Paul Cobdeb 

'THIS group of iustrumentiii, although of com* 
* paratively small importance musically, is 
one which, of recent years, has tilled an important 
place in orchestral music. With the exception 
of the kettle-drum, none of these instruments 
can be said to produce a sound of definite 
pitch,, their use being almost entirely re- 
stricted to accentuating the rhythm. Tlie 
percussion instruments most frequently met 
with in modern scores are these : kettle- 
drums, side-drum, bass drum, C 3 mibals, 
triangle. These will be taken in the order 
mentioned above, and instructions given 
to enable the student to master their pecu- 
liarities. [Other instruments belonging to 
this group follow.] 

The Kettle-druma« The kettle- 
drums, known in France as timballest in 
Italy as timpaniy und in Germany as 
paukefiy arc the most important of the per- 
|)ercus8ion instruments, and consist of a 
hemispherical copper body, with a cover 
made of calf-skin vellum. The vellum is 
secured to a ring which fits over the body 
of the instrument, and, by means of screws 
placed at equal intervals round the circtim- 



front of the player, the small drum to the left, the 
larger to the right. Tn some orclie.stras this 
positipn is reversed, but the arrangement given 
is the more usual. In this country it seems to 
be the general custom for the drum-heads to be 
horizontal, but the method on the Continent of 
tilting them towards one another has a decided 
advantage in crossing from one instrument to 
the other. It will be noticed that each of 
the screws to be used in tuning terminates 
in a brass T-shaped handle, with the excep 
tion of the one on each drum tljat is nearest 
the player. These two handles, which 
would be in the way when playing the 
drum, are omitted, the t\^o screws being 
turned by a separate key provided for the 
purpose. 

It must be borne in mind that by turn- 
ing the sert^ws in a direction similar to that 
taken by the. hands of a clock the head is 
tightene(l, and, in consequence*, the pitch 
of the drum is raised. Conversely, by 
turning the screws in an “ anti-c'.lockwise 
direction the pitch of the note is lowered. 
Now, starting with the head of the larger 
drum quite slack, tighten all the screws 
soocoasively, until each is felt to “ bite 
the thread of its nut ; then, from this point, 
give each screw, say, half a turn, alwa^^ 


ference, the vellum head may be more or - 

less strained, thus producing notes of vary- deumsttck ^eluding the one worked by the separate 
pitch, llie body is supported, usually, ^ key, and omitting none. Strike the head 


mg — — ^ ^ , 

by three sliding iron legs, the length of which 
may be altered and fi]^ with a set screw to 
reflate the height of the instrument. 

Two kettle-drums an^ usually employed in 
the orchestra, the laiger having a compass of : 


lightly with the stick or the fingers, and, if neces- 
sary, tighten all the screws a little more until 


the note 


is semnded. The drum 


and the 
smaller one: 

so that the extreme notes available should lie 
within the octave, although these limits have 
been occasionally exceeded by a semitone in both 
directions. 'I^e larger instrument is sometimes 
called the F, and the smaller the Bl7 drum, from 
the lowest note given by each. 

The sticks used in pla 3 ring the kettle-drums 
are generally made of some light wood : cherry 
or i^te bewh are frequently used. They are 
14 in. in length, with a diameter of ^ in. to } in., 
the head consisting, usually, of a di^ of rubber, 
cloth, o^iano-felt, having a diameter of in. to 
2 in. Ine stick should be ^vided with a 
small knob or other device at me extreme end, 
tojmvent its sUjming from the player’s hand. 

Tuning the Drums. The first and greatest 
difficulty to the student will be to acquire the 
art of tuning the ffirums to any notes required. 
The instruments should be placed side by side in 


must be struck near the rim, and never in the 
middle, where the tone is harsh and indistinct. 
Try whether it is in tune all round the edge, os, 
owing to the unequal thickness of the vellum, 
the intonation frequently varies. Such inequali- 
ties must be corrected by the screws nearest 
the faulty spots. The smaller drum may now 

be tuned similarly to 

Until the student has had some Kttle experience 
in tuning, the notes required may be sounded on 
a piano or other instrument for his guidance. 
Btii later he should be able to dismnse with such 
help. The sound of the A given by the orchestra 
when tuning may be of assistance in determining 
the pitch at first, but having tuned, as described, 
to F and any other notes can be found 
&om these. For example, tune the B!7 drum 
up to C, tightening all screws as before, and 
comparing the note with the F of the larger 
drum, until the interval of the perfect fifth 
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(F to C) is recognised. It is advisable in testing 
the note to use a light flick of the finger in pre- 
ference to the drumstick, as the note is more 
clearly heard ; moreover, there is less disturbance 
if the tuning takes place during the progress 
of a musical performance. If the drum has been 
tuned too sharp, it may be somewhat flattened 
by the pressure of the hand in the centre of the 
vellum. This change of tuning would l:« indi- 
cated in the band part by the words “ Muta B 
in C.*’ 

'rhe student should practise tuning to various 
notes until perfect facility is obtained, even while 
the orchestra is playing in a totally extraneous 
kev. 

Many mechanical devices have been invented 
to abolish this tedious system of tuning, but they 
are so seldom seen in this country that it is not 
thought necessary to describe them. 

The correct position for holding the stick may 
now be considered. It is the same for both 
hands. The stick is gripped between the thumb 
and the side of the second joint of the forefinger, 
wliicli form, as it were, a pivot on which the 
stick can swing. The middle finger, which is 
below the forefinger, should touch the stick near 
its extreme end, and, in conjunction with the ball 
01 the thumb, should control its movement. The 
other two fingers should not touch the stick at 
all. The illustration on the preceding page will 
make this position clear. 

The Roll on the Drum. In playing a 
roll — one of the most frequent and useful effects 
of the drum — the middle finger gives a flick to 
the end of the stick, causing the head to strike 
the drum, and as fast as it can be made to 
rebound off the drum -head this is repeated, the 
\wo hands performing this action so that the 
strokes altonate with one another, and are not 
simultaneous. For a pianissimo roll, this finger 
movement alone will be sufficient, but when more 
tone is required it must be supplemented by a 
loose movement of the ^Tist ; the forearm should 
l>e used as little as possible, and the upper-arm 
not at all. The student, if unable to obtain 
ficcess to the drums, may readily practise the 
roll with a pair of timpani sticks on the seat of 
an ordinary cane chair, and should not find much 
difficulty in acquiring the necessary skill. The 
roll is indicated in the music by one or other of 
the following signs, the meaning in each case 
l)eing identical : 



Care must be taken in playing single notes to 
let the stick bounce off the vellum os soon as the 
note is struck, as otherwise the tone will l)e 
destroyed ; at the same time, the drum must not 
be permitted to sound for longer than the value 
of the written note, but must be muffled with 
the finger-tips or the hand. ^ 

As a general rule, the drum on the righMand 
is played by the right hand, and that on the left 
by the left hand ; but exceptions to this are 
numerous. Several notes in quick succession on 
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one drum would be played with the two hands 
alternately, and in certain oases the hands require 


to cross ; 


Prentf) 


^ 3 : - j — 






L. R. L. B. L. R. L. B. 


Instances of this cross beat are numerous. 

In former times, when it was customary to give 
the kettle-drums only the tonic and dominant of 
the key to play — t.c., the first and fifth, the notes 
were always written as C and G, whatever the 
sounds to be produced, the actual notes being 
indicated at the beginning of the movement ; 
thus 

Timpani in Et^. B| 7 . 


would be played 



^rhis custom has now been abolished since tuning 
other than the tonic and dominant has been 
required. 

Frequently three or even four drums art' 
employed in the orchestra, and even if not 
actually required together, the use of a third 
obviates the necessity for so many changes of 
tuning. 

In playing in an orchestra the student will 
have to accustom himself to the counting of 
many bars’ rest. This is not among the least of 
his difficulties, especially if it is necessary to 
alter the tuning of the drums in the meantime. 
Nothing but practice con give facility in this 
matter, practice until the process of counting 
becomes almost automatic. It is of great assist- 
ance in finding one’s way during a long rest if 
the band part is supplied with cues giving a 
prominent phraser of another instrument ; also, 
pauses and changes of time should be noted, as 
these form landmarks, it were, which enable 
the student to keep his place in the music. The 
foregoing remarks apply equally to the other 
percussion instruments now about to he 
considered. 


The Side»druin. The side, or military 
drum consists of a wooden or metal cylinder 
with a vellum head at each end, tightenea some- 
times by means of sorews, sometimes by cords 
and leather braces. In the orchestra it is 
fixed in front of the player in an upright or some- 
what inclined position, the top head alone 
being struck. The lower head has sevoml 
catgut cords stretched across it, called snares, 
which rattle against the skin and give the drum 
its peculiar, characteristic rasping tone. 

llie sticks are of hardwood, and are held in this 
wav. The right hand grasps the stick near the 
end with all the fibers clasped round it, so that 
the knob shall strike the <&um in the middle ; 
the left hand is held with the palm turned 
towards the player, the stick clasped near the 
end by the thumb and forefin^r, and then 
passing between the middle and third fingers. 
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To play a roll on the side-dram is by no means 
easy, and will require considerable t^Mstioe to 
enable the student to master it. It differs from 
the roll on the kettle-drums in that two notes 
are struck with the left hand and two with the 
r^t, alternately. In making a crescendo 
during a roll, b^in pianissimo near the hoop 
and advance nearer the middle as the tone 
increases, reversing the process for a diminu’ 
endo. llie same methods of indicating a roll 
are used as described for the kettle-drum. 

It is sometimes required in funeral marches and 
pieces of similar character to muffle the drum ; 
this is accomplished by inserting a piece of cloth 
between the snares and the vellum, which prevents 
their vibrating ; or a still more muffled effect is 
produced by enclosing the whole dram in a bag 
and playing tl^ough the cloth. The Italian 
word coperti is used to indicate muffling. 

Music for the side drum is generally written 
in the treble clef ; the exoc^t note used is quite 
immaterial, as the drum should he of inde^te 
pitoh. 

The Baas Drum. . The usual form of this 
instrument, that of a short, cylinder of large 
diameter with vellum heads, will be familiar 
to everybody, and although there is a variety 
frequently met with in orchestras whicn 
resembles a big tambourine, only one side being 
covered with skin, the manner of playing is 
the same in either case. The dram is mounted 
on a stand or suspended from a frame, and 
except in military bands one side only is used. 
Generally only one stick is employed, the head 
terminating in a large knob covered with wash- 
leather, or sometimes made entirely of piano-felt. 


done with a sweeping movement of the cymbals 
past one another in order to obtain the best 
possible tone. Begin the stroke with the right 
hand somewhat higher than the left, and ffnish 
it with the left hand above the right (or vice 
versa). Practise this stroke with varying strength 
from pianissimo to fortissifno. 

Very frequently the bass dram and cymbal 
parts are written together, one player being 
supposed to manage the two instruments. In 
thw case one cymbal is bolted firmly to the drum, 
the player wielding the other with his left hand, 
while the right is occupied with the drum-stick. 
This practice has many objections, and wherever 
possible the cymbals should be played by a 
separate player. 

In playing a roll on the cymbals, unless other- 
wise indicated, the two cymbals are held 
close to one another, and the rigJit hand made 
to rock quickly backwards and forwards so 
that alternate sides of the right-hand cymbal 
strike that in the left hand, which is held sta- 
tionaiy. It is not easy to obtain much tone by 
this method, and a roll is frequently indicated 
to be played **wit7i drumsticks,^* In this ease 
one cymbal should be suspended by its leather 
handle, and a roll executed on it near the rim 
with a pair of timpani sticks, in the manner 
describea for the kettle-drum. The tone thus 
produced is peculiarly penetrating and sinister. 
Single strokes with a dramstick sometimes 
required, for which purpose the bass-drum stick 
is to be preferred. 

THE TRIANGLE 

The triangle consists of a rod of steel bent to 


A smaller knob is not infrequently furnished at the shape of an equilateral triangle, the ends of 

the opposite end of the stick, and in playing a which, however, do not meet. It is suspended 

roll t^ stick is held in the middle, and by a rotary from one of its angles, and is struck with a steel 

movement of the arm each knob is made to strike rod, producing a clear, penetrating note of 

the dram-head alternately. Another (and in indefinite pitch. Its employment in the orchestra 

many cases preferable) method of playing a roll is is very limited, as it has scarcely any range of 

by means of a pair of timpani sticks held in the tone. Its chief use is to mark the rhythm in 

manner descril^d for the kettle-drums, the only dance music. The only instance the writer can 

difficulty being that the dram -head is vertical recall of the use of the triangle as a solo instra- 

insiead of horizontal, as with the .timpani. ment is in this passage from Liszt's Piano 

In playing single notes the stick should be Concerto: 
held loosely near the end, and 
should not move at right angles 
to the dram-head, but should 
rather sweep past it, striking the 
blow in passing. WTien a short 
note is indicated the vibration of 
the vellum must be stopped with 
the hand. 

Music for the bass dram is 



written in the bass clef ; the actual 

note used is, of course, quite immaterial, as the 

sound produced should be of indefinite pitch. 

THE CYMBALS 

The cymbals consist of circular plates of hard 
brass, which are held, one in each hand, by 
leather thongs fastened through a hole in the 
centre of each. 


The triangle notes, although written as C, do 
not, of course, sound so. 

A shake or roll is sometimes required, and is 
played by rattling the striker across an angle 
of the instrument, it being necessary to guard 
against the tendency of the triangle to revolve 
meanwhile if, as is usual, it is suspended by a 
piece of string or gut. 


There are several effects to be obtained from Triangles am made of various sizes, but large 
this instrument, the most, usual being the ones are unsuitable to the concert-room. The 
striking of the two together. This should be smaller the instrument the shriller its note. 
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CELESTA 6 GLOCKENSPIEL 

By Paul Cobdeb 

These two instruments,^ although dissimilar 
in many respects, are taken together on account 
of the subordinate position thev occupy among 
musical instruments. Although they have a 
tolerably extensive oompass, their use at the 
present time is solely confined to a few orches- 
tral compositions, no solos having been written 
for either instrument by any composer of note. 
Nor is it difficult to understand why this is so ; 
although the tone of the celesta is quite the 
most pure and beautiful of any instrument, jret it 
lacks variety and means of expression. Fortissimo 


Tlie very limited powers of tone variation 
possessed by the celesta have already been 
mentioned, and although, with care, a good 
piano can be obtained, anything like a forte is out 
of the question. MoreovOT, in some instruments, 
if not in all, an appreciable amount of force is 
necessary to make the note “speak” at all; an 
exceedingly light “ weight touch ” such as would 
produce a perfect pianissimo on the nianoforte 
seems insufficient to actuate the mecnanism of 
the celesta, and may result in no sound at all. 
For this reason evenness in arpeggios should be 
carefully practised as softly as possible. The 
following passage from the “ Casse-Noisette 



and pianisshm have for the celesta hardly any 
meaning, and the clear, bell-llke tone becomes 
monotonously irritating to the ear after a short 
time. Nevwtheless, in its proper place in the 
orchestra the celesta is unequalled, and one need 
only refer to the third movement of Tsohaikow- 
skiB charming “ Casse-Noisette Suite ” to call 
to mind the delicious effect of one of these 
instruments used with due discretion. 

The Celesta. The celesta, as made by 
M. Mustel et Fils, of Paris, has the appearance 
of a small pianoforte, being provide with a 
keyboard similar to that instrument, but of le^s 
compass. The interior mechanism consists of a 
serit^s of metal slabs with resonators, which are 
stiuck by hammers actuated by the keys. It will 
be assumed that the student who is desirous of 


Suite,” already referred to, will make a capital 
study. 

The GlocKenapiel. The glockenspiel, or 
carillon, is an instrument of very different 
appearance, although it is more akin to the celesta 
than might be supposed at first sight. It consistSv 
essentially, of a series of steel bars, which are 
struck with a light wooden hammer ; but, unlike 
Iho celesta, these are struck by hand, the steel 
bars being suspended in a frame. In England 
this is generally a brass “ lyre ” shaped head 
supported on a stand; strings are stretched 
horizontally across this, on which the steel notes 
are hung, one above the other. There is another 
variety of this instrument, in which the steel 
bars are laid horizontally in a frame, but thm is 
not often met with. 


playing this instiument knows something of the 
pianoforte [see Pianoportb, page 1210], in which 
(^ose wo need only point out in what respects the 
(’olesta differs from the superior instrument. 

Its compass is generally con- 
sidered to be as shown below, » ^ 

witli all the intermediate semi- 
tones, but the makers have lately 
been extending this, and have re- ^ 


Usually, only as many notes as are wanted at 
the time are brought into use, extra notes being 
hung up as requi]^. Tlie complete compass is 
about two and a half octaves : ^ 


P‘1 




& 





cently produced instruments having several notes including all the intermediate semitones. The 
sra. ... below middle C. But actual sormds produced are an octave higher than 
these low notes seem to given, and are sometimes written so by com- 
be very poor in quality posers. As these notes are sold separately, the 
and weak in intonation ; student should test them before buying, for they 
certainly the higher part va^ considerably in purity ctf tone, 
of the instrument is the "^e tone of this instrument is much brighter 
more effective. and more penetrating than that of the celesta, and 

In order to avoid a very quickly wearies the listener. Its range of 
m^titude of ledger lines, composers sometimes tone is Ukewise exceedingly limited, but in this 
write an octave lower than the part iyp sound ; case it is uniformly loud, a ^nissimo being an 

but tills custom is by no means unifoiR, and the impossibility ; or, more strictly speaking, its tone 

executant will often luive to use his discretion in is so penetrating as to predominate invariably 
deciding what are the composer’s intentions. over all other instruments. 





MUSIC 


A difficulty to one not accustomed to these 
instruments is to remember that the notes in use 
do not necessarily represent consecutive degrees 
of the scale, nor are they always of the same set, 
but vary according to circumstances. However, 
each is clearly marked with its name, and by 
keeping the highest at the ton of the frame, 
descending accox*ding to liitch, there is no 
or(!asion for any confusion. 

The manner of hitting the notes is quite simple ; 
a smart tap with the hammer, which must Ihj 
allowed to rebound instantly, is all that is 
required, but it may be advisable to stop the 
notes from vibrating too long by means of the 
fingers of the other htind. Sometimes two 
hauimors arii used, ‘ one in either hand, and 
certainly the second one is a great help in 
executing rapid passages. 

The part written for the glockenspiel by 
Mozart in the “ Magic Flute,’* l)eginning 


AndaTUe 




is impossible on the instrument just des<Tibed, 
and is intended to be played on a glockenspiel 
furnished with a keyboard. With a little altera- 
fion the passage could be played on the celesta, 
for which instrument, had Mozart lived a 
century later, he w'ould most certainly liave 
written it. In Handel’s oratorio “ Saul ” there 
is a .somewhat similar p^issage, which is written 
ns though for a transposing instrument in (i — 
that is, a fourth lower than it is meant to sound. 

[For a more detailed explanation of transiK)sing 
instruments see the Horn.J . 

In conclusion, half an hour’s practice at any 
of these instruments will do more for the intelli- 
gent student than pages of >vTittcn description. 

THE SERAPHINE 

In an orchestra or in a church, in <*onjuncti(Ui 
with the organ, tlu? seraphim* |. 

represents in tone' tlie effect I ■ f 

of a carillon. Whereas, in tlu^ I M ■ 

glockenspiel, small steel bars m m m 

are substituted for bells, ■ ■ 

the seraphine — used in certain ■ ■ ■ 

modem orchestras — thin steel ■ ■ I 

reeds, beautifully voiced, acted ■ mm 

upon by coiled springs, are H M jP 

connected with a keyboard. M 

Rapid articulation is thus JUjj 

facilitated. Moreover, the tone HlflB 

is increased or diminished in 
force by wind pressure, the | 

ftvt of the player working a ^ 

pair of small bellow's as in a w’oodex clai 
harmonium. Although the nota- 
tion to be played may appear simple, so pene- 
trating is the tone of the instmment that the 
slightest mistake is yeiy noticeable. A performer 


Shut POP-GUN 

W’OODEN CLAPPERS [MahillonJ 


eiitruaUd with such a part must, therefore, be 
either a pianist or on organist. For detailed 
exercises, appropriate to seraphine playing, the 
student is referr(*d to studies written for the 
organ or j)‘iano- 
forte. 

DULCXTONE 

Instead of 
steel rtds, this 
ingenious instrti- 
ment contains 
rows of tuning 
forks stmek by 

felt-covered ham- duloitonb | Macheilj 

mers, damped by 

felted levers. After the instrument once leaves 
the maker, no tuning is therefore required. The 
compass is from three and a half to five 
octavt's, and the weight is from 25 lb. The 
dulcilone has bc(‘n 
used with marked 

~ ^ C sucet*SK iis a subsli- 

f F tuto in the orche.stra 

- BE Ll Lj D I for distant bells, or 

in eonjunetion w^ith 
I— church organ ft>r 

j — J — — j -p j 1 echo effects. In ballet 

"~3 — r 3 ^ — -1 it lias 

j been heard with 

a d V a n t a g . In 
quality, the iom^ is pure, sweet, and carries 
well. Ah the price is miKlcraU? and the instru- 
ment- lakes up but small space, it Ht*rves os an 
excellent substitute in housi* boats, yachts, and 
elsewhere if room is a consideration. 
CASTANETS & TAMBOURINES 
In the modern ballet orchestra, indisjKmsable 
features of gipsy, Spanish, or Neapolitan dance 
music are parts for these percussion insirument.s. 
Wlien, in so-called programme music, the eom- 
j>oser endeavours to portray unusually realistic 
effects, the side-di'urniner lias to lx? providcnl 
with a number of strange contrivances. It is to 
liim that the manipulation of suc!h acci^ssorics 
is lillotUd, especially in open-air 

I band jicrformances. In jiieecs 
<le.scriplive of a hunt, et-e., he 
needs a pair of wooden clapp<‘i-H 
to imitate the sounds of a 
whip. The orchestral whip costs 
about (Is, 

Haydn, Romberg, Mendclssolm, 
and other masters in their bur- 
lesque or .toy symphonies, make 
use, further, of the sounds of 
various bird-calls and the |M)p- 
gmi. The latter, in descrijitivc 
military band arrangementH, 
^ occasionally necessitates the side- 
_ ( drummer being provided with a 

band pop-gun. This c<^ts about 
(is., and its noise is sometimeft 
POP-GUN effective 

ERS [MahillonJ , 

Tambourines. The chief of 
the side-drummer’s accessories are the tambourine 
and castanets. For military bands, the tamtiourine 
is 15 in. in diameter, ami costs about IHs. The 


Y 
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orchestral model is slightly smaller. “ Tambour,” 
or drum, gave this instrument its name. It 
consists of a single drum-head, or parchment 
skin, stretched over a circular rim. The depth 
of the latter reinforces the sound. Small rods 
are filled in the rim. To tighten or slacken the 
vibrating surface, screw the fly-nut <8 up or down. 
(Uit out in the rim are a number of slots. In 
these slots miniature cymbals are arranged 
loosely in pairs. These impart to the tone much 
of its distinctive effect. 


roll on them of several bars’ duration. To do this 
requires careful practice. The student who 
desires to be able to articulate distinctly the 
different rhythms indicated in the ballets of 
Bizet, Delibes, to say nothing of those of Wenzel, 
Jacobi, or Byng, should begin by single-stroke 
exercises with alternate hands. 



Tambourine music as an or(^hcstral accompani- 
ment to the tarantella or any Oriental dance, is 
writUm in the treble clef, 

space, being marked in the 
side-drum part. Although 
MlilTABY TAM- this instrument is a spocies 
Tir.TTT»TvrTP m drum, it is not hit with a 

BOITIIIKE 


player arc required for its manipulation. It is 
capable of a variety of effects. When simply 
struck by the hand by a body of dancers, the 
peculiar noise it gives is most distinetive. If it 
lie played by a single performer, one hand usually 
causes it to vibrate, so that the small cymbals 
jingle, whilst it is struck by, or strikes, the list or 
tips of the fingers of the other hand. Berlioz ha.s 
made considerable use of tambourine effects. A 


favourityO direction of his was U) get the curious 
tremolo, or roll, .which is obtained by rubbing the 
tambourine-head with one of the fingers of tlu^ 
hand, not holding it. In ..that case, the noises 
of the small bells in the rim are chiefiy audible^. 
Such a roll is indi- 
cated as h(ire shown. 

It is usually very 
short, because^ the 
finger rubbing the parchment I'-auses the sound 
to cease as the digit approaches' the margin of 
the rim. In music portraying. a masquerade, or 
©111 or extravaganza, a weird rumbling is caused by 
nibbing the vellum with the full .strength of the 
thumb. By spinning the instrument on the 
finger-tips, expert players get other varieties of 



sound from the tambourine*. 


Castanets. In ballet music, when Spanish 
or Oriental dances are introduced, inseparable? 
from the tambourine arc the castanets. ** Cas- 


taneta ” is the Spanish for chestnuts. Ever since 
the Moors introduced into the South of Kuro|>e 
(ertain characteristic dances it has been the 


I'listom for tlui performers to attach to each hand 
small cups of 'hard wood or ivory, joined together 
by a string, and shaped like the two sides of a 
chestnut. If these adjuncts are not available, 
the clicking effects they produce are imitated by 
the dancem drawing the fingers quickly, from 
the point to the ball of each thumb. Most 
Spaniards are experts in this acconaplishment, 
hut. in a ballet, if the dancers use castanets, they 
are fitted to the fingers. One little clapper is 
fastened to the thumb, the other is attached to 
the middle finger. To emphasise the rhythm of 
the dance, the two are then struck t^ether. 

But there is a vast difference betpl^ merely 
clicking the castanets and playing them expertly. 
Accomplished performers are able to get a neat 


Here the obj(?ct is to make each beat with the 
utmost regularity, and the student is advised to 
practise with the metronome in slow time at first, 
and increase the speed gradually until the 
semblance of a roll is obtained. Having acquired 
facility to make a single sound with each hand, 
try double sounds in the same way. 



The next problem is to rget distinct triplets 
by the hand, without any break or hesitation in 
the sequence of the sounds, so that each stroke 
should l>c of equal force. 



Grace-notes. As the castanets are embel- 
lishments in themselves to the effect of the dance, 
their performance is pleasantly varied by 
making short clicks or grace-notes mingle with 
those which are more emphasised. First, endeav- 
our to produce a short click preceding a loud one, 
sor.that the right hand gives two postman’s 
“ rat-tats,” and* the left hand echoes those 
sounds without break. 



The student should next endeavour to make 


with one hand ra quick triplet softly and finish 
it by a loud stroke with the other hand. This 

is not so easy as it appears to l^e. , 

.1 ■ In side-drum 

• " 3L. R. R. L. g ether are 

known as a “ full drag.” It must not Ik? 
forgotten that in dancing the time-stroke usually 
falls when* the point of’ the toe touches the 
ground, and that stroke should be cinphasised. 
But during turning movements, pirouettes, or 
bendings, the castanets are particularly effective 
when they execute a number of short grace-notes 
Uigether. These are, in a solo dance, insert I'd 
according to the fancy of the artist. But if they 
are to be a true embellishment, the castanets 


should be practised apart from the dance. We 
give in conclusion, one of the most ordinary 
examples of the insertion of such grace-notes. 
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Here it will be observed that the right and 
left hands alternately make four clicks in strict 
time. But on the second lieat in each quadruplet 
the opposite hand itiserts three or more short 
notes to embellish the rhythm. In the seguidilla 
and other lively dances, the cast anet -player who 
can do this neatly finds that the time spent in 
study is well rewarded. 

But when castanet music appears in a side- 
drummer's part lu‘ has no time, as a rule, to 
lit the apparatus to his fingers. Therefore, the 
orchestral or military performer provides himself 
with a pair of castanets attached to a handle 
about 1 ft. long. Between the two little cups is 
the stationary bowl of a wooden Kpot»ii, so that, 
when the handle is shaken, the castanets strike 
against this bowl. The jilayer can thus at any 
moment insert castanet efiVets without difliculty. 
Sometimes in military bands a [lair of castanela, 
held open by light springs, is attached to the 
hoop of the side-dnim. and is manipulated by 
the dnimstick. Onihcstral ciustancts cost about 
4s. The more familiar nigger minstrels' bones" 
are but enlarged editions of the classical castanet, 
which goes back to the days of Babylonia and 
Assyria. 

BELL.RINGING 

Between the music of Art and that of Nature, 
bells are regarded as the connecting link. Bcitig 
of fixed tone, thej^ have l>een ot*c;asionally em- 
ployed for impressive orchestral effects by Aulx‘r, 
Bossini, Doniyetti, McycrlKM’v. Sullivan, Wagner, 
and other great composers. Vet, in an artistic* 
sense, bells are incapable of musical use in their 
truest form, since their full sounds can only be 
elicited when they are swung and hit by a 
(shipjXT. But this precludes timing the exact 
moment of striking as well as the precise degree 
of force for each blow. It is, houever, the 
i^Tegular and formless character of the tones 
])roduccd even by the lx*st change -ringers which 
imparts that wild mystery or uncertainty to the 
sound of bells so attractive in the open countrv. 

Of Ml -ringing, the chief kinds are handlx)Il- 
ringing, steeple-ringing, and lower-carillons. 

Handbells. Nearly every church posses.s- 
ing a peal of bells keeps a miniature set for 
training beginners before they are allowed into 
the steeple. Though somewhat similar in ap[3ear- 
anee to the railway handl^ell. the tone is differ- 
ently controlled. Instead of the clapjxu* swinging 
loosely, it is supported by springs. These* keep 
the tongue from touching the Ix^II-lip when held 
horizontally. Yet, when the bell is retpiired to be 
struck, the springs offer the least possible 
resistance. Moreover, tlic tongue, instead of being 
of metal, is of thick felt weighted to give the 
necessary force. Instead of lM.*ing harsh, tlie tone 
produced by this means is sonorous and sw'eet, 
allowing the harmonics to lx? heard pleasantly. 
A peal of eight handbells, properly tuned, can be 
procured from any boll -founder for from £4 to £5. 
With these small editions of the large steeple- 
l»ells, the intric*acies of ringing can 1^ learnt 
without annoyance to a neigh lK)urhood. For 
ordinary changes, five bells suffice. Few towers 
contain more than this nuinla*!*. 


The students should seat themselves in a semi- 
circle, BO that each can see the other without 
having to turn round. On the extreme right of 
the semicircle is seated the first treble— generally 
the youngest performer — he having the smalles’. 
Ml. At the extreme left point sits the physit^ally 
strongest man with the largest l)ell, knowm as the 
bass. In the centre of the semicircle is the alto. 
In advance of him, on the right, is the secoml 
treble, and on the left of the alto is the tenor 
In front is the conductor. Instruction starts 
by each student l)cing taught how to sound his 
bell properly. 

Correct Position of Hand and Bell. 

(ilrasp the bell by the handle. Hold it 
downw'ards to represent the position of tlw* 
bell as it hangs in the steeple. The leather 
handle, here, is flat, and tlu^ ela])|X‘r is so hinged 
that it will only swing towards the flat sides of 
the handle. If held flat-side uppermost and 
waved from right- to left, or left to right, it will 
not strike. Only upward or downward motions 
cause it to sound. In grasping the handle the 
thumb, i>ointing downwards, should press tlu* 
bniss rivet in the flat side towards the body of 
the ringer. Turn the back of the hand to the 
left, HO that the fingers are round the flat side 
of the handle away from the body. Now*, sloping 
the handle slightly downwards, the clapper will 
fall by its own weight opposite the side it is to 
strike. The spring prevents the tongue l-ouehing 
the lip of the Ufll. 

The “ring" is given by turning the hand 
half round to the right. To (‘usure the stiike, 
all that is needed is a slight impetus from the 
wrist. The first motion is to get a blow with 1 lie 
bell upwards. Raise the bi‘ll t ow ards the shou Idcr, 
giving a slight jerk to represent a “ hand stroke ” 
in the steciple. The next motion is downwaids 
tow'ards the knee, to represent the " back strokt*.” 

Rounds, The most common use to w*hich a 
peal is put is that of ringing “ rounds.” On the 
Continent , lx?8ides piilhiig bells singly or clashing 
them together, campanology is unkiiowTi, despite* 
the praises Schiller and many other fo?*eign poets 
have lavished on the ringing of Ix*1Ih. In (ireat 
Britain, however, if there are five lx?lls, they are 
tuned diatonically, and range, in jiosition of 
rounds, numerically from the smallest to the 
biggest. The first treble, therefore, is "No. 1,” 
the second treble “ No. 2,” the alto “ 3,” the 
tenor “ 4 ” and the bass “ In round-ringing 
the art is for each bell to strike with the utmost 
regularity. The custom is for t*ach ringer to start 
off with a hand stroke, continuing without 
pause, each with a back stroke. When chang- 
ing, in the third round, from “back" to 
“ hand,” there is a slight pause, ns if, offer 
counting five, came the fij^re "0.” 'Two rounds 
are then played without break, the completion of 
the w’hole pull ” being marked by a seconil 
pause, and so on with a rest after every two 
rounds or whole pull. CJonsequently, if the 
ringing is in four-four time, the effect, at the 
beginning, puts the accent on the “ lead,” given 
by the first treble. The fifth bell, being the bass, 
the accent on the next bar is transferred to 
the lowest nott*. This is immediately followed, 

5571 



MU8IO 


without break of time, by the three upper bells, so 
the third bar gets its accent from the tenor. This 
is followed by the bass bell to complete the back 
stroke. On the third beat of the bar there is a 
pause, and the first treble, beginning on the 
fourth of the bar, the accent on the fifth bar is 
given by the second treble. The smallest l>ell 
thus starts the sixth bar. But, as a back 
stroke is given, the tone is different in charac^ter 
to when that bell started oflF with the hand 
stroke. 

The next bar is begun by the bass to finish 
the back stroke, and complete the whole 
pull. In the sixth bar, a rest thus occurs on 
the second beat. So the two treble bells mark 
the “ three ” — “ four,” and the accent on the 
S(‘venth bar is made by the alto, and on the 
eighth bar by the second treble with the back 
stroke. Although only five notes are repeated 
in the same sequence, owing to the different 
accents and strokes considerable variety is 
accomplished in good round-ringing. [Ex. 1.] 

By altering four-four into three-four time, on 
the word “ (io ” from the conductor treble 
leads wit h a hand st roke as Ixjfore. But the t enor, 
as his hell is foui'th, puts the accent, on the second 
bar. The fifth and first Iwlls having struck, th(^ 
accent on th(? third bar is transferred to the 
second treble, and the bass emphasises th6 first 
Ijcat of the fourth bar. l^ause on the sec^ond beat. 
The third beat is thus given by t he lead,” and 
the fifth bar has the hand-stroke accent from the 
second treble, while the same at^cent by the bass 
starts the sixth bar, the alto emphasising the 
seventh. On the first beat of the eighth bar 
there is a paiise : on the ninth, the accent is given 
by the alto with a luind stroke, the treble starting 
the tenth with a back stroke, the eleventh bar 
lieing accented in the same way by the tenor. 
[Ex. 2.] 

Change»ringing. Bells are said to be in 
‘‘changes” Avhen struck in any other order than 
their normal numerical sequence. To ring a change 
implies t)i(» constant variation of the order in 
winch the Ih»II strikes. Alteration must l>e made 
according to lule with any given number of 


bells, so that they work observing the correct 
formula. If there are four bells, 24 changes 
is the limit, and the time occupied is one 
minute. If there are five, 120 changes is the 
number, these taking five minutes. With six 
bells there are 720 changes, occupying half an 
hour. With seven, upwards of 5, (MIC) take three 
hours This is called a “ peal.” Shorter changes 
may l>e designated a “ flourish ” or “ touch.” 
With eight, upwards of 40,000 changes require 
n day and four hours. Nine bells give more than 
J160,()00 changes, occupying ten days and twelve 
Ijours. When we come to twel ve bells, the changes 
run into millions. In an early stage of the art, 
therefore, five bells with J20 changes suffice 
for any student. No change is complete until 
every variation of which the peal is capable is 
produced. The bells are then brought back into 
rounds. Like a ship, a bell is of feminine gender. 
She is never referred to by a lx»llringer as “ it,” 
but always as “ she ” or “ her.” 

“ Dodging.** After rounds, the student must, 
understand how to “ dodge,” either with the 
hell before or after him. If he has treble, and is 
told to “ dodge,” on the word “ Go ” he leads 
off with a round, first with a hand stroke and 
then a back stroke. Then comes a pause for 
No. 2 to ring first, No. 1 taking his proper place 
with the back -stroke round. Ho strikes second in 
the sequence which follows, and first again on the 
word “ Round ” from the conductor. If he is put 
to the third bell and is told to ” dodge with 
second,” on the word ” (»o,” a hand and back 
stroke round l)eing rung, in the third sequence he 
will strike in No. 2’s place, the latter following 
him In the fourth sequence, he strikes in his 
own place, dodging again in the fifth sequence. On 
” Round ” being called, he returns to his normal 
order. 

A 1^11 go<.*s up ” when she strikes in a 
different numerical position, moving on from 
treble to tenor at ea(!h change. Her course 
is termed “ going up ” if, after leading off 
first in round, slu^ “ dodges ” to second in th(* 
next sequence, dodging again, with tlio lx*ll 
striking afU^r her, to the thiixi and fourth places 


Ex. 1. Back Huiul Back liaial Rack 
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in Ihe next two changes. On the other hand, her 
course is called “ going down ” if she alters her 
position from lH*hind to the front. In the steeple, 
the expression refers to holding “ up ” the bell 
lierself, wlicn she must be rung slower to allow 
the others to strike before her. Likewise, if 
she is returning to “ lead,” she must be struck 
more quickly, or “ rung lower.” In other words, 
she then goes ‘‘ do\\Ti.” 

•• Hunting.** Hunting is carried out in two 
ways — “ liunting up ” and “ hunting down.” 
The first means striking after the bell last pulled, 
and is applicable to any numl)er of l^ells. If 
throe arc being rung, and the student is first 
treble, on the word “ Go ” second treble will 
strike after him. In the first change, ho must, 
thcreiore, pull after No. 2. The sequence thus 
is 2 1 3. Keeping his eye on No. 3, No. 1 will 
next strike afU'r her. The order will then b(' 

2 3 1. This brings No. 1 l>chind. On arriving 
in that position, the nile is to strike in the same 
[>lace in the next change. So the sequence fol- 
lowing becomes 3 2 1. Having ” hunted up,” 
No. 1 must noAv ” hunt down.” To do this, 
he has to look for the l)ell which strikes first of the 
other tw'o. lids is No. 3. Hinging after her, 
the sequence iK'comcs 3 1 2. Ho is thus brought 
into No. 2’h place. In the n«*xt change, lie leads. 
The sequence is 1 3 2. As the rule, on returning 
to “ load,” is to strike twice, in the next change 
the order of the lielJs is normal. They are, 
therefore, brought back to rounds, having per- 
formed the full six changes possible bv three 
hells. rEx 3.J 

Hunting with Five Bella. Instead of 
three handWIs, try five. If the student has first 
treble, and w'atcbes his four companions, he w’ill 
soon get into the way of sounding his bell at the 
correct moment. At the first change ho will 
strike into No. 2‘s place by ringing after the bell 
which follo'wed him. If the sequence was 1 4 5 

3 2, it will now" be 4 1 3 5 2. Therefore, No. 1 bell 
will now be below',” and No. 3 ” above ” him. 
He must obseive the latter to note which one 
follows him. Next time, he must “ pull ” after 
that one. In other w'ords, he changes his sound - 
place with No. 3. The sequence rung becomes 

4 3 1 2 5. Striking now in the centre place, he 
will have tw’o bells ” below,” and two above.” 
Keeping an eye on the latter, he strikes his next 



blow' after tJie l>ell w'hich fullow^s him. 'Phe 
sequence is, thus, 3 4 2 1 5. Having taken 
No. 4 s place, there are three bells ” below," so 
that he has only one to note. Striking after 
this next time, the change becomes 3 2 4 5 I. 
This makes Ids first stroke “ behind.” Having 
four bells “ lielow ,” he must strike after the last 
of them. This yviW l>e No. I’s ultimate^ stroke 
“ Wdnd." Reversing the process, he will 
hunt dow'ii the other four bells. Ho lets tiie 
last number ho pnlled after pass him, so that 
he d<‘scends into No. 4*8 place. Striking after 
the last of the three below him, ho next rings 
in No. 3'h place, and, in due course, No. 2’s, till 
he gets hack to ” lead.” Ho will then strike 
again in the nl^\t sequence, and continue to hunt 
ujj and down till rounds are called. 

The Course Method. Many ringers 
consider the “ course ” plan easier for hunting 
down than that described. All the student 
has now to remark is the bell which he ” turns 
from behind,” or that after which he has next 
to ring. When he has struck after her his 
first blow' l)ehind. she becomes his “ course ” 
dow'ii to lead. Supposing the student is No 2, 
and the sequence is I 5 4 2 3. In hunting up, 
No. 2 turns No. 3 “ from l)ohind.” So the first 
blow* No. 2 strikes behind makes the sequence 
1 4 5 3 2. According to rule, in the next Jialf 
round No. 2 must strike Ixdiind again. But th(» 
ringer watches No. 3, that 1m>11 having move^d 
dow'n one, giving the sequeneo 4 1 3 5 2. The 
fifth, therefore, comes betw'cen 2 and 3. In the 
next change, as No. 1 is hunting up, she w ill 
intervene. No matter what bell follow's No. 3, 
No. 2 follows that bell. The sequenct^ thus be- 
comes 4 3 1 2 5. In the next change, she moves 
dow’n one inlo No. 3^8 place, No. 3 now' being at 
“ lead,” the sequence making 3 4 2 1 5. As No. 3 
has to give a second blow' in the same place, No. 2 
now' gets close to her ” course.” So the sequence 
is 3 2 4 5 1. In the next change, therefore. 
No. 2 gives the first blow. The result of this 
hunting dow n by ” course ” method sounds as 
in Ex. 4. 

Place*inaKing. When a bell arrives “ be- 
hind ” or at “ lead ” in hunting, w’e have seen 
that she must strike two blows in each successive 
half round, so that she “ lies a whole pull ” in the 
same position. Yet, if this lying a w'holc pull 
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w(ire made uniformly, the possibilities of varia- 
tion could not be fully developed. It is necessary, 
therefore, for other bells sometimes to “ make 
a place ” in the same way in one of the inner 
positions by striking two blows in succession 
at the same point. Thus, if No. 5 follows No. 1 
in the first half-pull, and is cautioned to “ make a 
place ” in the second half-pull, she will again 
follow lead. Hence, slie also will lie a whole 
pull ntjxt to treble. Meanwhile, No. 4 has been 
told to make place at No. 3. Thus, while No. 5 
goes down to lead. No. 4 makes a second blow 
in No. 3’s place, lying a whole pull in that posi- 
tion, as will here 1 ki seen : 

1 5 3 4 2 
1 n 4 3 2 
5 14 2 3 
5 4 13 2 

To make all the alterations of w^hich four bells 
are capabki necessitaUjs a knowhidge of further 
rules. Here th<^ changes are divided into three 
sets of eight each. (In the word “ Go rounds 
are rung till the ringers get steady. Bells I and 3 
then stiirt hunting up, whilst 2 and 4 proceed 
to hunt down. Each bell lies a whole pull 
on arriving at “ lead ” or “ Iwhind.” By “ plain 
hunting,” the c*ight changes produced are these : 
2 14 3 

2 4 13 
4 2 3 1 
4 3 2 1 

3 4 12 
3 14 2 
13 2 4 
13 4 2 

The bottom line introduces a new rule. 
If lh(‘ plain hunting W(^re continued, No. 4, 
on arriving beliind, would strike twice, and No. 3 
proceed to third place, while No. 2 would descend 
to second place. With that method, however, 
Uie result would he a normal round. This 
should iiof. o(!ciir until the whole change is rung. 
To produce the twenty -four variations, the rule 
is that ” tile bell trehh; takes from ‘ lead,’ makes 
second place and leads again, the other bells 
dodging at back stroke-lead of treble.” The 
ringing is thus given a fresh leitse of plain hunting: 
3 12 4 

3 2 14 
2 3 4 1 
2 4 3 1 

4 2 13 
4 12 3 
14 3 2 
14 2 3 

Here we st^e Nos. 3 and 1 are hunting up, while 
Nos. 2 and 4 hunt- dmvn, each liell striking twice 


on arriving at lead, or behind, except in the 
back stroke of the last pull, where the bell treble 
takes from lead, makes second place, and leads 
again, the others meanwhile dodging at the 
back stroke lead of treble. Consequently, Nos, 4 
and 1 now hunt up, while Nos. 3 and 2 hunt 
dowm, until the change is completed thus : 

4 13 2 
4 3 12 
3 4 2 1 
3 2 4 1 
2 3 14 
2 13 4 
12 4 3 
12 3 4 

The students should now try Ex. 5. 

Practising with Two Bella* The fore- 
going changes can bo learnt by tw’o playeis 
wMth handbells facing (*a(4i other. One student 
should take 1 and 3, the other working 2 and 4. 
Although, in the steeple, the vibrations con- 
tinue, when practising with miniatures the 
tone should be damped. For this purpose, 
double up a blanket, or thi(h rug, and spread it 
over a table between the players. Each bell 
is then taken up and replaced on every stroke 
HO that no two sound t/Ogether. Tf this is done 
in correct time, the effect will be legato. Should 
the damping be premature the sounds will be 
stacmto. The same students can work a peal 
of eight bells by playing two with each hand. 
If atUmtion is confined to change-ringing 
endless variations can be studied. Yet, however 
fascinating this may be in a steeple, it is not 
so entertaining t-o the uninitiated home circle. 
It is well, therefore, to practise diatonic melodies 
w^ithin th(i (5ompas8 of one octave, as the eight 
bolls generally represent the scale. Such ex- 
ercises are useful discipline in keeping correct 
time. Handbell ringing by five performers 
has been made charmingly effective throughout 
a compass of five octaves including sharps and 
flats, different bells being used for the sharps 
to those for the flats. This accuracy in tuning 
entails 36 bells for the diatonic notes and as 
many more for the enharmonic semitones. 
Thus, each player may have 15 bells to handle. 
Quintets of players, after careful study U^gether, 
have obtained remunerative engagements and 
been favourably criticised by eminent musicians. 

The student who aspires to be a member of 
such a company must be prepared to practise 
unremittingly. Sometimes, the first and second 
trebles are taken by ladies ; men manage 
better the larger bells. Five }>erformers can 
play almost any music written after it has been 
arranged by a ringer possessing a knowledge of 
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hannony and composition. Tins is not so if 
there aiv only four performers. The rapid 
work in the upper voice is often than one 
ringer can accomplish satisfactorily. 

The Table. The student must be a good 
timist. Experience shows that the dimensions 
of a handbell table are most convenient wh(‘n 
it is 16 ft. long by 7 ft. wide. To a depth of 
ft. from the front, the left end is reserved 
for the bass player’s bells. At the far right end 
of the table towards the front (where the audience 
would be) is the place of the first treble, with 
3.V ft. space before him for the smaller instru- 
ments. The long side, beyond the pi^rtion 
reserved for the bass, is dividend with the second 
treble on the right, the alto on his left, and tlu‘ 
tenor on the left of the alto, together with 3.J ft. 
in front of each of them for the bells most 
frequently required. That area of the table 
beyond these five divisions is used for depositing 
bells not wanted during the perfc»rmanct‘ of a 
piecie. If, for instance, the melody is in (h tlu* 
C-!:> liells are not likely to be required. As all 
pieces must be memorised before a public pt‘r- 
formance, players soon know the bells they need 
for any item. 

Stand to play, and do not waste energy by 
fiourishing about a bell except when a long, 
sustained note is required. Each instrumcnl 
has a definite position in its compartment before 
the player. The one on his extreme* loft and in 
thi^ row closest to him is always known as No. 1 . 
the left l)ell of the second row being No. 2. 
On the right of No. 1 come Nos. 3, 5, 7, 0 ; while 
on the right of No. 2 come Nos. 4, 6, 8 and 

0.” Thus, the nearest row consists of odd 
numbers and the second of even. Those in the 
third row, beginning at the left, are called A. 
B, C, D and E. These letters designate the 
lx>sitions on the table. They do not refer to the 
notes of the bells. 

The Science of Bell ringing. Bingers 
calculate by position. Pythagoras regarded music 
as the “ Science of numbers.” To-day bcllring- 
ing is taught and practised by mathematical 
rather than aural notation. Unless the faculty 
of counting is cultivated the student cannot hope- 
to excel. Before attempting to handle a number 
of bells, begin by practising with not im»re than 
four. Place these in their proper order. Bing all 
the changes on the four bells until facility in that 
exercise is acquired. Then add two more to th(» 
right and study the six changes. Afterwards tvdd 
l>ells in places A and B. Finally, as progress is 
made, 7, 8, 9, 0 and C, D and E can be em- 
ployed. It will be found that two right-hand 1)c11h 
frequently follow each other quickly. In that 
case, the first, after being struck, must 
transferred quickly to the left hand. If this is 
otherwise occupiea, both bells can be held in one 
hand. Insteaa of taking the first bell between 
the thumb and first finger, lift it by the second 
and first. 

Tlie second bell can then be taken up by 
the thumb and first finger. But it must be held 
with its handle at right angles to the first. 
With the flat side towards the player’s body 
the first bell can be rung either by an upward or 


downward movement without the other sound- 
ing. When No. 2 should ring, a turn of the 
wrist will bring the flat of its handle towards 
the player. Tlie clapper will then strike without 
a second blow being given bv the first bell. 
Taking two bells in each hand for consecutive 
noU‘s, the student should practise the scale 
slowly until facility in this useful method of 
manipulation is obtained. It is only by such 
means that accomplished handbell ringers can 
acquire mastery over fifty or more bells. 

Quintet Music. For a quintet such as 
described, the music is written in five staves. 
That for the two trebles and the alto is in the 
treble clef, and that for the tenor and bass in 
‘the bass clef. To save space we indicate on 
two staves the opening bars of Costa’s “ March 
of the Israelites,” marking the positions for each 
bell ( 6]. Notes for the first treble are indicated 
by the tails being turned up, while the tails are 
turned down for the second. These performers 
divide the treble work ; they do not double it. 
It will be f)bserved that the C and D are soundtxl 
together in bar 7. In this <'ase, the first treble 
tak€*s the C and the second the D ; but in bell- 
ringing the effect is always better when sountls 
are ar|H*ggio<*d rather than stnu;k in chords. 

To get the numbers and letters correctly, 
when deciphering handbell notation the student 
must make oht a plan for himself for the arrange- 
ment of the l)eUs in his own compartment. 
These, IxMng not in the same order as the sounds 
are represented on a piano keyboard, may 
ap}>ear confusing at first. They are loeaUxl 
rather after tlu^ method of the letters on a 
typc‘writing mac^hine, bells most frequently 
wanUnl being placed most conveniently for the 
two hands. Thus, as the example given is in 
the key of C, lx>th C bells arc on the right of 
the first treble's compartment. The G, or 
dominant, being next frequently wanted, is 
placetl on his extreme left. The A’s, giving an 
interval of a third, come next to the (^s, while 
the B's are on the right of the (). As Gf is 
<inly needed once in the piece it is place<l by 
its€‘lf in the third row in position A. 

As the second treble divides work with the 
first, the bell this player Avill use most is tike 
octave G above that allotted to the first trebh*. 
So this (J is on the second's right. On his h^ft 
is the 1), and on its right the E, the F Ix-ing on 
the left of G. In the third row, in the positions 
A, B and C, are the bells giving B C and 
DJ, they being only seldom needed. 

Steeple Kinging. After practising the 
nidiments with the handbells, the student should 
ascend a belfrv. In her ordinary position in the 
tower, tlu* l)eli hongs downwards. When swung 
and stmek, her liollow body emits — according to 
the diameter of the mouth, thickness of sound 
bow, height, and other proportions — several 
tones. These are the “ Strike^’ note, “ Hum ” 
note, the “ Nominal,” a minor third and perfect 
fifth in the first octave, and a major third ami 
perfect fifth in the second octave. When the 
bell is in tune with herself, the “ Hum ” tone 
should sound a i>erfect octave below the “ Strike ” 
note, which gives the pitch. 
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'.rhe harmonics of a bell differ from Ihose 
elicited from any string or wind instrument. 
Rach sound is regarded os a principal tone 
dependent on tlic various curves of the bell. 
"J^he “ Hum ” note, therefore, does not follow the 
law of resultant tones, and the presence of the 
lower minor and the upper major thirds is a 
puzzle which, so far, has baffled the gi‘e.atest 
acousticians. Jn very large Mis one hears — 
provided she is in tune with herself — a glorious 
succession of octave harmonics which have a 
peculiar charm. Tt is probably owing to the 
presence of so many sounds that l)ellringers 
reffjr to “ Key ” rather than the note which each 
instrument in a peal represents. 

How the Bells are Fixed, On the top of 
the bell, <;ast with her, are two rings or 
“ eannons.” Iron hraees, strongly bolted, secure 
these cannons to the cross-beam or “stock.” 
To this, at one end, is fitted the iron axle into 
what are called “ gudgeons.” The axl<‘ works on 
brass or gun -metal In^arings, to prevent cor- 
rosion. On one side of the stock is fitted a broad 
spoke of a wh<*el, in diameter more than douhh* 
tiu^ height of tli(‘ ))elJ, the wIkm‘ 1 working on an 
jixle similar to that on the opposite side. 

B(^th axles rest on stout beams firmly bolted 
to the floor of the In^ll-tower, forming together 
the timber cage for the l)ell, shafK^d lik<‘ thnM.» 
sides of an oblong. '’I'he tire of the wheel is 
grooved. Attached to the large spoke, the bell- 
ro|K» passes through an ey<‘ in tliC tire. Thence, 
it goes along the groove, down over the wheel 
and through the floor over a pulley, so that, it 
works easily, into the belfry Mow. The ringers 
thus have the floor Mweon them and the bell. 
So they are neither deafened by the strongest 
sounds of a ]K*al nor expost^d to inclemencies of 
the open air. When the rope is pulled at a 
distance of, sny, 3 ft., if the bell is that 
Insight, the result is that her mouth, instead of 
pointing down, is thrown skyward. The hall of 
the clapjKT, striking that portion of the lip 
immediately over the head of the ringer, gives 
the liand stroke. On the rojx^ Mng released 
the distance of the diameter of the mouth, the 
flight of the clapper hits the lip in the ojjposite 
dire(*tion away from th<» ringer. This is the 
hack stroke. No matter how hard the l)ell is 
pulled, she cannot make a complete revolution. 
Th<* beam on w^hieh she is hung is checked by an 
iron slay, the flight of the clapi)er being restrained 
by a relapsing curved rod known as the “ slider.” 
A forward and backward stroke of the In^ll 
constitute a whole pull. The student should 
practise with the Ml lashed. 

Practice in the Belfry. Take a piece of 
fine roj)e and make a noose in the centre big 
enough to slip over the flight of the clappf i ; the 
ends must pass over the lip of a Ml on either 
.side. Protect the lash at those points with leather, 
to prevent cutting. Make the rope fast to 
the cannons at the top of the bell. When she is 
Instruments collided ; 


now pulled, there will Ixs no tone. A bellringer, 
who acts as coach, should set licr at back 
stroke. He will adjust the rope to the exact 
length required by the student. Below the 
“ sallie,” or plumed wrapping, a Ml ro[)o is half 
as long again as is likely to be needed for 
the shortest ringer. When at back stroke, the 
rojx‘ should terminate in a loop just above the 
student’s head. If it is tuo high, he cannot 
gi-asp it easily. The “ iuckings,” in that case, 
must he laid dowm ; otherwise, they are pulled 
up by coiling, spiral fashion, to the right point, 
as needed. 

TTaving s(d. the back stroke, the coach sliould 
jflaee the bell at hand stroke. The student, 
stretching his arms to their full extent without, 
straining, should now In' able to grasp the 
“ sallie,” or tufted part. Ihill the ro|K^ down 
carefully till the bi^ll is brought to balance at the 
hand stroke. If her wiMght is under 10 cwt., a 
force of 2 lb. or .3 lb. will bring her over the 
balance. As soon as she is “ off,” put the hand 
not holding the end of the ropt^ down to that 
end. At t he V)ack st roke let the Ml carry up hot h 
hands till she is just off her balance again. Stop 
her there*, so that she* does not liit the clieok. 
I’ull htn* “ off ” with the same* force as at hand 
stroke. When the “ salli(^ ” is opposite thf* 
student’s face, he must grasp it, first with one* 
hand, and then the other. He should let the bell 
carry his hands up to hack stroke till she is again 
over ilic balance, without allowing the “ sallie ” 
to slip through the hand. To Jet the rope slide 
is a bad liabit. 

Attitude. Stand uj)right. Do not- bend the 
body from the hips. Unless the student stands 
properly, the neciessary coil of rope is apt to 
into his face, and jx^rhaps round his neck. If a 
large bell requires strength, drop the knees 
slightly. The mechanism probably needs attention 
if she requires more than 6 lb. weight to pull 
her off’. Keej) one foot slightly in ndvan(!e of 
the other. When a position is once taken up, 
adhere to it till the completion of a flourish or 
peal. Do not turn the whole bo<ly in looking 
from one ropt* to another. Such a liabit is 
exhausting when a 5,()(X> change is rung. A turn 
of the eyes or head will suffice. Having 
mastered a lashed bell, the student may take 
No. 3 in rounds. He must then listen for the 
interval between the strokes preceding him. 
If No. 1 in rounds, he must allow double time 
after completion of the back stroke^s Ixfore 
starting off again w'^ith hand strokes. 

Carillons. In contrast to the irregular 
effect produced by change -ringing w’hen Mis 
are swung, a carillon implies a greater numl)er 
i»f bells set close together and hung dead. 
Enclosed in a frame, a ix^al, like that at Bruges 
or Ghent, includes 48 bells. The.se ere struck 
like cloclw, mechanically, by a hammer on the 
outside of the lip. 
followed by Orchestration 
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without involving quentions of foreshoi'o 
rights. 

The action of a wave on a foreshore 
has two distinct results, that of the 
incoming water driving the sand and 
shingle up the l)each, and, as the 
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23. SECTION OF SEA WALL 
WITH AFUON 



water retires, drawing the sand and shingle 
hack into deep water. This material (or 
travelling beach) is deflected seawards, and 
is carried elscwliere, forming sandbanks and 
shoals. The place of deposition of the eroded 
matter is difficult to locate, as it is Fometim<‘8 
(‘arried in suspension great distances. The 
arresting and depositing of this travelling heaeh 
is attained by gToyne.s, prop(M’ly arranged 
and constructed, 
whereby the beach level 
is raised. 

Choynes should in' 
constructed in such 
a manner as to direct, 
the power of the sea in 
depositing the drifting 24. section of sea 
sand or Siingle where ^all with apron 
it is needed, and to retain it in position. In 
this nianner the beach level and foreshore are 
gradually raised. I'o assure this result a 
thorough knowledge of th(‘ tides, etc., on th(‘ 
coast under eonsidmation must Ik* obtained in 
oi'der to settle the position, number, and distance 
apart of the groynes, which should ILh* carried 
down to low-water mark if practicable. Tlu* 
construction and stnmgth of the groynes must 
dejKmd on the locality, and on the conditions 
which they will be requirtKl to fulfil. I'Ju* « 
ultimate height to which the groyne is to 1 
be ean’ied must be provided for. The full J 
height, however, should not be planked 
immediately, as it would ex}X)Se a large sur- 
face to the full force of the waves, but it 
should 1 m' raised as the sand 
or shingle a'Huimulates at the 
grojnu*. ft is a matter of 
opinion as to the angle at 
wltich the groynes should 
be placed, but the writer does 
not agree with the assumption 
of many that all groynes should 
be placed at right angles to the 
shore. Unless the groyne is 
]>laced at the correct angle the 
shingle will be found to eollet't 
on the windward side and not 
on the leeward, causing a drop, in some 
c ases of many feet, thus weakening 
the groyne and disfiguring the beach, 
while no protection is given to the coast- 
line on the leeward side of the groyne. 
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Different Types of Groynes, The 

late Mr. Edward Case considered that the correct 
form of any shore composed of beach, sand, 
or any other shiftable material was a gradually 
sloping surface, the section of such shore 
between high and low water marks being an 
elli|)se, the construction of which depended 
upon the range of tide and the horizontal 
distance l)etween high and low' w^ater marks. 

According to this elliptic theory, the shore 
should follow the curve e e e e from the point 
A ui)w'ards fl9] and, if suitable material can 
be introduce, and this curve be arrived at, 
the sea should do no further damage, but 
should roll harmlessly in and out. 

To obtain this result Mr. Case placed groynes 
cfmstiTicted of light timber [20] between low- 
water mark and mean sea-level, and normal to 
the curve of low'-w'^ater line, in order to trap the 
travelling Ix^ach. This system of groyning has 
l»een successfully employed at various places. 

Another system of groynes is that invented by 
^fr. K. T. Beard, and is known as Beard's 
CovtinN' c»f groynes. This sy.stera has 

been employed at 
1 in several places w'ith 

success, notably at 
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Cooding, B(‘xbifl, in 
Sussex, whert* Mr. 
Beard informetl tlu* 
writer, in January, 
that the high-water 
[^iRON COLLAR iYn\,v\!i lios been driven 
1*20 ft. seawards, and 
25. STOCK-RAMMER the l>each level bad 
been raised ] 0 ft . Tlu* 
special feature of this system is the ramp 
wliich divides the gi’oyne into two portions 
as shown by 21, the upper one to retain the 
pernuiuent beach and the lower one to permit 
the drift to pass freely over the groyne. 

At C’ooding the groynes were required to 
protect land lying behind a narrow shingle 
bank in which breaches ha<l been made by the 
sea, the level of the land 
being below high-water 
mark. The length of these 
gi’oynes was 328 ft. simced 
at the rate of eiglit to the 
mile. The angle that the 
windw ard side of the groynes 
made with the shore was obt use. 

The piles, or uprights, varicKl 
in lentil from 10 ft. to 25 ft. 
The longest is placecl at tlu^ 
central portion of the 
length of (10 ft.. 




groyne 

where 
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the greatest force of the sea was exjieeted. 
These long piles were also bedded in concrete, 
and were provided with land ties placed in 
two tiers one al)ove the other and bolted to 
a main pile and betwin^n a pair of walings, 
f) in. by 9 in. These ties were all placed on the 
windward side of the groyne. Wrought- ^ 
iron tic rods were fixed at intervals to 
the upper jxirlion of the 

stnieti^d level, and then 

tell 3 ft. in 120 ft. to 28. timber and bubble 
the rcow/), or quick groyne 

fall of 6 ft. in 20 ft., 

followed by a fall of 16 ft. in 148 ft., making 
the total length of th<‘ groyne 328 ft. 

The Cable Groyne. A new method of 
prot-ecting foreshores from the sea has recently 
lieen employi'd at Bray. This system is known 
08 “ cable grojming,” and is the invention 
of Mr. Allanson-Winn, 
of Dublin. It is based 
on the theory of deep- 
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This formula JStevenson’s) may be taken to he 
h = 1*5 in heavy gales, and in seas 
which do not differ greatly in depth. 

In short reaches and in violent squalls, the 
following formula should be used; 

H 1-5 ^/D + (2-5 - yW). 

The force of waves may be calculated from 
the following formula : l/'t 

^ - height of waves due 
the maximum 

and maximum 

29. PROTBCTrvB WORKS then, when the force is 

FOR FORESHORE resolved normal to the line 
of the pier, x varies as 
h sin^ tt, but if the force be again resolved in the 
direction of the waves themselves, x varies as 
h sin'’ a. 

The direction of waves is often altered when 
approaching the shore, this being due to the 
change of depth of water. 

Sea Wills arc constructed in plot^es where 
valuable property is to l)e protected, and, as 
before stated, their cost is justified. It is often 
found necessary to construct groynes to protect 
fica walls. The scouring action of the waves 
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sea erosion — that is, of erosion of the ocean lK*-d removes the beach, exposing the foundations, 

1m‘1ow low-water mark and the consequent which arc I'ventually undermined, and would, 

driving forward of the low-w^ater line. In order unless protected, result in the wall colla])sing. 

to prevent this erosion, and to encourage the The resistance of the wall to tlie waves causes 

deposit and retention of the material, Mr. Winn the water to be thrown high up into the air, 

( inployed chains (the weight of which must vary and in falling it scoo})s out and undermines the 

according to the lo(^ality). To each . . foundation. There are several methods 

of the chains were attached trees, guarding against this. The fa<*e of 

crates, faggots, etc., one end being ^ may be stepped, as .n 22, or 

fixed to a pile placed near low-water . V •; M apron of stones may be formed[23 

mark, the other being anchored out at i W and 24] to protect the toe of the wall, 

sea at any distance or ^epth of water, Where the wall has be(m construe tc^d on 

thus forming a flexible hedge-like hard rock, no such precautions may be 

groyne Mow low-water mark. After a * necessary, as shown in 22. 

few weeks observation, Mr. Winn found : W j ^ Great care must be taken in 

that some few feet of sand and shingle ;i||w constructing masonry or concrete Wia 

had been collected by the groym^s, walls or piers, on account of the aedion 

W'hich were soon entirely buried. _ of the waves on cavities in the work. 

Waves. The height of waves 32. wooden groyne contained in a cavity is 

is an important factor in dealing with c^ompresst^d by the impact of the 

sea walls, groynes, etc. Tlic height likely to be weaves, and in time disintegrates the work, 
attained at any locality by waves may be Stock-ramming. A method (first ©m- 
calculated, as they are found to be nearly “ the ployed by the late Mr. Kinipple) for filling 

ratio of the square root of their distances from cavities and solidifying foundations is known as 

the windward shore,” or when h height of stock-ramming. I has been employed extensively 

wave, d = distance, and a = coefficient varying and is worthy of description. The simplest and 

with the strength of the wind, then h = a y'd. cheapest form of solidifying foundations, 
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stopping leaks, or filling cavities, is by stock- 
ramming. By this method liquid Portland 
(•(‘inent grout is forced by a stock-rammer [25] 
through a tube or pipe into the crevices of 
the foundation ; it solidifies, and forms a sound 
base. Should the foundation of the wall be 
sand or gravel, and it 
is desired to solidify the 
stratum to x)revent 
settlement, 


chalk, l)eing enclosed by a facing of open plank- 
ing. The toe is extended, as depicted by the 
illustration, to afford protection against under- 
mining. Figure 28 shows another form of 
groyne. The block chalk or rubble is, in this 
case, enclosed by open planking. Figure 82 is 
a section of a w ooden groyne commonly used 
for foreshores. 

Piers. Piers may be classed under various 
heads. Some serve "the puq>ose of discharging 
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series of borelioles of from 2 in. 1o (> in. in 
diameter are sunk at intervals along the line of 
wall. Pipes are inserted and grout is forced into 
the stratum on which the Avail is constructed. 
Another method, where the stratum is soft, is to 
force into it balls composed of hydraulic lime 
mixed with < lay, sand, and iron filings mixed with 
sal-ammoniac, Medina cement, or half-set Port- 
land cement. These balls are driven down the 
tubes into the soft substratum by rams. On 
setting they form a hard foundation for the 
wall. Figure 26 show s this method in operation. 

Protective Works. The following are 
brief d(‘seriptions of types of protectiAX* works : 
Figure 27 shows a form of rubble Avail for 
prttfeoting a 
luvnk which is 
not exposed to 
heax’y Avave ac- 
tion. Figure 30 
i s a. m e t b o d 
known as /ociw- 
for protect- 
ing a hank 
under similar 
f onditions as 27, 
being commonly 
used for rivers. 

Piles constructed from trei* trunks are driven 
firinly into the ground, as shoNA'n by the ill iistration 
1 80], and are braci'd together, the face of the 
bonk l>eing protected by close rough planking 
AA'ith a backing of faggots and elev. The foot 
of the Iwink is protected by heav’y stones. This 
form is unsuitable if exposed to AvaAT action. 

Figure 31 shows a method of protecting fore- 
shores Adhere they are exposed to considerable 
AvaA^e action. This groyne, if properly placed, 
collects the diift, thus raising the level of the 
l)each. 

Figuw' 28 is an illustration of a pre^rtive 
w^ork for a foreshoi’c A\here therv^ is hea\'id|^ave 
fM^tion. The timber framing is filled with block 


goods and passengers at- sea^xirts, or on riA’^ers, lik<^ 
those at T)ov(t, Folkestone, LiA^erjKioh etc. Others 
serve the double purpose of training the course of 
a river, as on the Tyne, where two solid concreti* 
piers are carried out to s<‘a on the north and 
south sides of the mouth of the riA’cr. The object 
in this case Avas to confine the Avater in a defined 
channel at ebb tide, and so to remoA^e the bar, 
AA^hich previously had to be constantly removed, 
or loAvored, by dredging. The object has been 
accomplished, and a greatly improA^ed naArigablc 
channel has resulted. The constniction of 
piers in connection Avith harhoui's is dealt with 
in another section. We shall confine ourselves 
to brief referencf^ to promemnde piera w'hieh are 

a feature at 
many seasidt* 
resorts. 

Figure 33 is 
an illustration 
of a ]>romenade 
pier Avlueh the 
writcT designed 
for a watering- 
place where it 
was desired to 
combine a means 
of landing pas- 
sengers from pleasure boats, steamers, etc., with 
iirrangements for bathing, together Avith the 
usual bandstand, refreshment rooms, etc. In 
this ease tlie planks of the deck rested on 
girders supported on east -iron pik^. 

The next illustration [ 34] shoAvs in plan another 
pier that the writer designed for a similar purpose. 
The planking of the deck is bolted to longi- 
tudinal iron girders resting on the iron cross 
girders placed on the top of the iron columns 
sunk into the foreshore and forming either a group 
of piles or merely tA\*o, if the Avimh of the deck 
is small. The method of constructing the pier 
in all the details will be dealt with in another 
section, Avhioh treats of the design of piei’s. 
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The Principles Underlying Efficient Catering. Rules for the Good House- 

Contiiniod from 
piMje O-IOS 

wife. Country Tea Cottages. Confectioners. Management of Restaurants 


By A. B. BARNARD 


W/HETHER catering is to be done for a small 
^ household of four or five, or for a big insti- 
tution such as an hotel, certain principles underlie 
its efficient perform an ce. We will state them 
summarily in the following paragraphs. 

No tlu'ifty housewife buys anywhere haphazard, 
nor does she, in a conservative sj)irit, continue to 
deal year in year out at the same shops. From 
time to time she compares the advertised prices of 
various firms with those she happens to l>c rmying. 
The quality of the goods supplied must also be con- 
sidered. For instance, it is false economy to buy 
inferior butter because it happens to be 2d. or 3d. 
j)er lb. lower in price than elsewhere, or dusty, 
stalky tea at Gd, per lb. less than that of a good 
blend. Such test jaircliascs are possible in all large 
distributing centres, but outside these the caterer 
is more or less dependent on the local dealer, 
failing whom, it is bt'st to order groceries direct 
from London stores or those of some large provincial 
centre. The street vendor of vegetables and fruit 
is not to be despised, for his price is usually less, and 
the articles often fresher, than those at shops. After a 
few experiments reliable dealers may usually be 
found, who are well pleased to get good, paying 
(’ustomers on wdiose orders they may de))end. In 
the case of greengrocers and fisyimongcrs, freshness 
and good quality of the provisions, and punctuality 
in their delivery are two most imporUait points of 
recommendation. It is annoying to have a dinner 
spoilt by the non-arrival of a joint or iioultry, or to 
receive it in an uneatable condition. 

Knowledge of the chemistry of foods is of great 
value, since on it depends the making of dietaries 
and the planning of good menus — good in the 
sense that the dishes supply the right amount of 
flesh and fat-producing foods required to keep the 
body in a healthy and w’ell-nou risked condition. 
(See Physiology and Health.] 

Knowledge of How and When to Buy. 
Conservatism in diet is the great stumbling-block of 
English housekeepers, who fail to realise the great 
importance of ringing the changes on available food 
supplies. Our versatile neighbours across the 
Cliannel lift their hands in dismay at the auto- 
matically recurring porridge, bacon, bread and 
butter, eggs, and again porridge, bacon, bread and 
butter, eggs, year in, year out. Heat-producing 
porridge and fried bacon on a hot summer morning ! 
Hood digestion waits on appetite, yet how unap- 
petising are many of our meals. In hot summer 
weather why not try one of the following by way of a 
change : cod-fish balls, soft roe (bloater s) on toast, 
steamed apples and oatmeal, tomatoes and eggs, 
tomatoes and macaroni, dates and whipped cream, 
sliced bananas and cream, or figs and hominy ? 

Some provisions are economical purchased in large 
quantities, providing, of course, that there is room 
in which to store them. Certtunly those who manage 
hotels, boarding-houses, and institutions of various 
kinds should lay in stocks of potatoes, apples, onions, 
sugar, tea, bacon, flour, rice, tapioca, pickles, dried 
herbs, and condiments ; these, together with jams, 
preserved fruits, and biscuits in tins, keep well in a 


dry and airy store-room or cu{)l)oard, and arc less 
expensive purchased in bulk. 

Economical buying does not necessarily mean 
purchasing at a low j)rice, since a cheap article is 
often the dearest in the end, but getting the best 
return for expenditure. The ability so to do is 
perfected by ex]>erieiice, hut rests mainly on know- 
ledge, eommonsense, and forethought. 

The times when certain ft>ods are in season 
need to be known and tabulated for reference, for 
in this way the thrifty caterer keeps in touch with 
times and seasons, and runs no risk of paying fancy 
prices for articles nearly or quitch out of date. 
Oysters will not be ordered in July, cauliflowers in 
December, pork in August, nor rabbits in May. 
[See Table of Provisions,' page 1531.J 

Economy and Cleanliness. A thousand 
and one economies are ))raetised by good providers, 
who bear in mind the maxim, “ Waste not, want 
not.” There are various ways of using up odds and 
ends, especially in the case of cold meat. For 
these the reader is referred to (cookery. 

Onr French neighbours show their greater economy 
in cooking in a variety of ways. They utilise the 
iiead and feet of a fowl, the eyes of a fish, the brains 
of a horse : the last, in fact, appears in the dietary 
of an invalid. Thus, parts of an animal which we 
despise and throw away aid in the production of 
tasty dishes. Then again, to what an extent are 
)JantR, 8om(3 of them regarded as weeds by us, 
used across the water. An excellent salad is tliere 
made from dandelions, and wood sorrel can be 
employed in the same way. Nasturtium leaves 
may be utilised for sandwiches, mountain-ash berries 
and hips for jam, young nettle leaves as a substitute 
for spinach, and maize for j)orridge. 

In planning menus, not only is a knowledge of 
the constituents of foods desirable, but also 
foresight, in the ordering of provi-^ions. To 
ensure this, daily visits of inspection should be 
paid to the store-room, so that any article running 
short may be renewed in time, and the cook will 
not suddenly discover that she wants potaLws, 
baking-y)owder, or pieklcs. 

There is no more certain load to failure for the 
restaurant or tea-.sho]) than want of cleanliness in 
either tlu? preparation or serving of food. Cus- 
tomers will pass the door of a place which recalls 
unpleasant memories of smudgy plates and glasses, 
stray substances where they ought not to be, 
and tablecloths suggestive of microbes. 

Detection of Adulterated Food. A 
caterer should always be on the look-out for 
adulteration in articles of food. 'Pea is much 
adulterated by intermixture with elm, beech, elder, 
oak, willow, and hawthorn leaves, unscrupulouK 
dealers not hesitating to mix dried or exhausted 
leaves w'itli good ones ; coffee is adulterated with 
mahogany saw'dust or coloured beans, cocoa with 
starch, bread with potatoes and alum, and butter 
with mutton fat. Chicory may V)e detected by 
scattering a sample on cold wattT — the coffee, which 
contains oil, floata ; the chicory sinks, leaving 
a coloured streak. Mustard is adulterated with 
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wheat or rioe Hour : to detect this the alleged 
iniiHtard should l>e boiled and a few drops of tincture 
of iodine added. This will colonr the flour blue. 
A short time ago a girl who was admitted to a 
London hos])ital was found to earn a living by making 
wooden seeds for raK])berry jam. 

Good Accountancy. T)aily provision for the 
needs of the family presents to the majority of people 
ihe most familiar aspect of catering. Partly in imita- 
tion of (>>ntincnta1 ways, and partly to evade the 
domestic servant trouble, there is n growing ten- 
dency in cities to take all meals, exce^it breakfast, 
at hotels and restaurants. In up-to-date West End 
Hats a rest-aurant will l>o found on one of the fioors. 
to which a lift conveys the residents with less exer- 
tion than is required to reach the dining-room of a 
country mansion. Such conditions are at present 
exceptional, however, and most housekeepers cater 
for tneir own families. Naturall 5 ^ the cost ])er head 
])cr week dejamds on the style of living. For a family 
of over four ])eople los. is a very usual allowance, 
.nid jwrmits of good living; 10s. would he enough 
tor a nice table ; Hs. Od. providcjs a sufficiency, and, 
with carcfiil management, Os. will obtain enough 
plain nourishing food : 17s. Od. to £1 should provide 
\ery good living. Wo are, of course, sup]>o8ing 
normal conditions — efficient and economical manage- 
ment, average a])(>etites. and markets which arc 
easily accessible. 

The locality of the hou.se eonsidernbly affects 
the weoklj’ exiauiditure for food, a shop in a district 
catering only for wealthy customers charging pro- 
portionately high while another in a less fashionable 
neighbourhood lui’^ a lower scale of charges for 
‘‘imilar goods. 

Rules for the Household Caterer. 

The honsehuld caterer slioidd hear in mind the 
following Tides : 

1. Do your own marketing, and see a thing before 
yon buy it. Hiitchors have a little w'eakness for 
sending a larger joint than the one orderetl. 

2. Pay cnsli, run no hills, and so get the best 
quality at the low'est price in addition to indepen- 
dence of custom. 

;i. Study }>ricp-list.s, and avoid cheapened foods. 

4. Buy foods in season. 

4. If possible, ejirry home your purchase.s, as 
< Continental housewives do. They are seen early 
rihroad carrying jirovision baskets, or followed by 
a maid doing .so. 

5. (dve plain, straightforw^ard orders if you wish 
tor good servi<‘e. 

It is false economy to .stint the members of the 
household of good, nourishing food, for the shillings 
so saved are a]»t to find their w'ay into a doctor's 
])Ocket. 'J’he ]»roblem is to know what foods and 
what quantities are necessary to ]irodnee the maxi- 
mum efficiency of all the vital functions. Tlien, too, 
one man's fo<^ is another man’s jioison. Eggs are 
]>ositively injurious to sinno people ; sugar is neces- 
sary to children, and fat to thin |)ersons. The diet 
of (ihildren should alter w ith their growth. Some 
persons with quick digestions net‘d a light meal 
every three hours, and may even require a relay 
of refreshments by tlio bedside. Hence there 
can be no hard-and-fast rules for dietaries, and home 
catering affords soo|ie for intelligent study, obser- 
vation. and experiment. 

We now’ prcHieed to discuss catering fag the 
public in various ways, In^ginning with the Miuble 
sphere of the street vendor. 

Straet Hawkers. A familiar feature of 
suburban life is the harrow* on which fish, vegetables, 
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fruit. Ice-cream, mineral waters, potatoes, or chest- 
nuts are hawked about. In the unfashionable dis- 
tricts of a city the street seller can, for a few shillings, 
lay in a stock of his wares, and if lie be a capable 
buyer and secure a good pitch, may in his limited 
line prove a formidable rival to a neighbouring 
fniiteror, who has rent to pay, while the coster- 
monger either owms his harrow’ or hires it for a 
small consideration. The man is usually aided by 
his wife or daughter, and gets regular customers on 
his rounds. He must ho early at the market — Covent 
(lurden or Billingsgate, and, fis he is out hi all 
weathers, has a rougher life than his brother 
in the sunny climes of the South, w here street sellei s 
are ubiquitous. 

Village's have nsnally some kind of ginger-beer 
shop — W’here ginger- beer or lemonade is bouglit at 
Od. a dozen and sold at Is. (kl. — or a small inu as 
the only place offering refresliment to the w’ajffarcr: 
and nsnally the food, surroundings, and charges arc 
anything but satisfactory. Ow*ing to the increase 
of cyclists and motorists, there is a good op]»or- 
tunity for w'omen to start tea-rooms catering for 
such customers, preferably near villages or small 
towns. 

Country Tea Cottages. An attractive 
cottage on a high-road, say, along the Thames 
Valley, would answer the purpose, jirovided it harl 
a garden with flow’ers and a few shady trees in 
front, under w’hieh afternoon ten could be attrac- 
tively set on small tables. A legible and artist icallv - 
painted sign board, indicating that refreshments 
or teas are there provided, should lie placed in 
a prominent jKisition. To make such a venture, a 
capital of a few i>ounds is wanted to buy tables, 
chairs, table-linen, crockery, and cutlery : hut in 
order to insure success and pocket £30 to £.”0 
profits, siiotless napery. dainty tables, jironijd 
Hcrvice, good bread (preferably home-made), flutter, 
cakes, jam, cream, and tea or coffee are required. 
Home-made lemonade is always appreciated. 
Mustard and cress and salad from the garden, 
eggs from a ]>oultry run at the back, w'atereres-i 
from a neighbouring streniii, and liome-madc 
preserves miglit go to increase' the profits as extra.s. 
Necessarily, a room or shed should Ik' availahlc 
in bad weather. Cyclists and motorists prefer a 
dainty tea costing about !>.. nicely served in 
pleasant surroundings, to that obtainable in a stuffy 
inn, and w^oiild probably recommend it to frienels. 
Undoubtedly a demand for such refreshment 
places exists, and to two or three practical girL 
desirous of adding to a limited income such 
scheme presents jiossibilities. 

Confectioners and Bakers. Ajiart from 
the regular business of the baker and confectioner, 
refre.shments are provided in their shojis. Teas for 
(id. or 8d. (including tea, two slices of bread-and- 
butter, one cake or |iastry) w’ould cost about 3d., 
yielding half profits. Tea. bread-and-bntter. cake, 
jam, wdth lettuce or watercress supplied ad libitum, 
for Is. w’ould prove very proHtanle. Jee-ereams 
give a full half profit or more, such as sell at tkl. 
costing a little over 2d. Miik-and-soda. home-made 
lemonade and sweets are sj»€H*ia lilies w'hicli can Ik* 
made to i>ay w'ell. Some w^omen who have had a small 
confer tioner's business and have made a modest 
beginning by “ obliging with a cup of tea," do quite 
a Targe business in lunches, teas, and breakfasts. 
Outside catering for siipfier i»arties, afternoon 
weddings, At-honies, musical parties. Cinderella 
dances, conversaziones, and children’s |iartiea, is 
a natural offshoot, and usually yields somew'hat 
less than half profits. 
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Charges for Parties and Dances. We 

here give arrangements, menu, and charges for 
8iieh entertainments, as furnished by a suburban 
confectioner : 

Ch/injes : 50 guests, 3s. tkl. per head ; all over 50, 
each person, 3s. 3d. 100 guests, 3s. per head ; all 

over 100, each person, 2 b. 6d. 150 guests, 2 r. fld. per 
head ; all over 150, each person, 2s. 3d. 

Mf nu ; Tea, coffee, white bread-and-butter. 

Tees : Strawberry cream, vanilla cream, lemon, 
water (others if recpiircd). 

Iced drinks : T..Pinonadc, claret cup, mineral 
waters. 

Cakes : Madeira, pound, cherry, etc;. 

JTis<*uits of various kinds, macaroons. 

Fancy pastry of various kinds. 

Assiettes of sandwiches; Ham. tongue, eggs, and 
cress, etc. 

Lobster and oyster ])ntties, etc. 

J^mon jellies, strawberry ercaui, meringues, 
tipsy cake. 

Dessert (in season). 

For sup])ers ; Consomme sou]) (on de])arture). 

This ineludes use of alt plate, glass, china, buffet 
tabling, silver urns and candelabra, and plants in 
silver pots. The serviees of waiters and waitresses 
are also included. Dishes left over are returned. 

Ball suppers can be provided in an hotel at 5a. 
per iiead per 100 guests. 

For a £1 menu would be ])fovided sandwiches, 
boned turkey or bird, iiiir\ce-pies, sweets (jellies, 
blancmange, creams), fruit, lemonade. Waitresses 
in this ease are charged for at 10s. or more, 
according to contract. 

In the case of wedding breakfasts, the bride’s 
cake is, of course, not included. At a good hotel 
a wedding breakfast can be provided at 15s., 17s. (id., 
£1 Is., or £1 5 r., according to the menu. Such 
eiiterlairimeiits are, however, since the extension 
of the hour of the marriage service from 12 to 3 o’clock 
being superseded by the. more desirable wedding tea, 
which not only permits a larger number of guests, 
but may be served in the garden. 

The charge }R*r head for school treats ranges from 
4d. to 9d., the Tatter sum ])roviding tea, bread-and- 
butter, cuke, and jam. Lunch for teachers and visitors 
at sehool treats is sup]>lied at Is. 9d. to 2h. a head. 

Occasionally a confetdioiier's shop is situated near 
some public ground or park, where cricket and foot- 
ball inah'hes, flower shows, and fetes are hold. This 
is an opportunity for the confectioner to supply 
tea, bread-and-butter, cake, jam, with letiuee 
or watercress ad libitum for Is. Large cricket 
and tennis clubs run their own refreshnient-rooins 
in the club buildings, and make considerable profit 
thereby in the season. 

Large hotels have amj)lc accommodation for 
dinners, wedding receptions, and ball suppers. 
When rooms arc not specially built for the last 
purpose, the coffee and billiard-rooms may be 
utilised, the coffee-room for dancing, and the 
billiard-room as a buffet. 

Lrondon Tea«ahops. 'J'o give an adequate 
account of TiOndon tea-rooms and resLiurants is a 
gigantic task. The “ Ixindon Directory ” gives a list 
of 414 refreshment-rooms, 752 dining-rooms, and 
1,712 coffee-rooms, making a total of 2,888 eating- 
houses. Allowing each 200 customers a day gives a 
total of 600,000 meals, probably only a small portion 
of those actually supplied. Time was when the City 
man regularly tooK up to town a tin of sana- 
wiohes for his lunch ; now establishments of the 
Aerated Bread Co., Ltd., .J. Lyons & Co., Ltd., 
Slaters, Ltd., the Cabins, Ltd,, the British Restau- 


rant, Ltd., and others are found east and west, 
north and south. At such places a cup of tea or^ 
coffee costs 2d. or 3d. ; roll and butter or cut 
bread-and-butter, 2d ; cake or pastries. Id. or 2d. 
According to the “Stock Exchange Year Book” for 
UH)6, the ifollowing dividends were issued in 1904-5: 
J. Lyons & Cb., Ltd., 30 per cent. ; Aerated Bread 
Co., I..td., 6s. 6d. ; Slaters, lAd., 16 ])er cent. ; 
Express Dairy Co., Ltd., 2J per cent, for the half- 
year ending in August, 1905. 

Artistically decorated tea-rooms of a higher grade 
are inereasiiig in the West End, and are used ns 
lounges. The large stores and .dra])crv establiali- 
ments have found it necessary to attaefi tea-rooms 
for their exhausted customers. 

R.estaurafits. The successful restaurant of 
the present day must not only provide a lunch or 
dinner daintily served and well cooked, but it must 
be eaten in an artistically decorated room, with 
smoking, card, and chess-rooms attached. The 
restaurant of the future ])romise8 to be very luxuri- 
ous, eontniiiing bath-room, reading-room, and hair- 
dresser’s — a place, in fact, where the whole day 
may be s]M‘nt. 

The custom of giving dinners anrl sup]>er parties 
at restaurants and hotels instead of at home is on 
the increase, ])artly due to the saving of trouble 
and also to lack of space in flats and difficulty of 
getting reliable domestic, help. 

For the benefit of those who dine a la carte, it is 
usual for a restaurant to display at the c‘ntrauce 
the menu for the day, with the j>rice of each dish ; 
thus the City yoxith can estimate to a ])cnny the 
cost of his meal — say, 6d. for meat or fish, 2d. for 
vegetables, 3d. for pudding, and Id. the waitress. 
The la.st item runs to Id. in the shilling, or 2d. in 
the shilling in high-class places. In the same 
restaurant luncheon a table d’hote at a charge of 
la. 6d. (four courses) is common, ranging elsewhere 
up to 3 h. or 3s. 6d. There is good scope for a shilling 
table d'hote lunch, and it has recently been started 
as an experiment by the Aerated Bread Com])any, 
a typical menu including green-pea sou]) or fi-ied 
turbot ; roast beef, stewed rabbit or cold meats ; 
potatoes, sprouts ; rice pudding and i)runes, or 
cheese and celery. With such a lilx .'al menu, tin* 
portions cannot, of course, bo very ample. 

JiCt us examine (1) a (’ity restaurant, established 
nearly thirty years, and (2) one of the modern type. 

The Old-established City Restau- 
rant. The restaurant we have in mind lunches, 
on the average, 400 |)coj)le daily. The rental, 
rates and tuxes amount from £(i00 to £700 jx'r 
annum. The staff totals 30 ])ersons — 18 in the 
kitchen, six waitre.s.ses, and six at the counter and 
cashier's desk. The wages in the kitchen are from 
i28. to 20s. per week, with board and lodging if 
required. Waitresses gtit 5a. per week, with hoard 
and lodging, their total earnings, including tips, 
amounting to some 30s. a week. J'heir average* 
hours are eleven a day. Once a week they get off at 
four, and once a month have Saturday free. There 
is an annual holiday of nine days in suininer, four 
days at Easter, (’hristmas and Boxing Days, and all 
Bank holidays ; no Sunday work. The waitresses 
are trained from the time they leave school, and 
remain for years, leaving usually to marry. The 
wife of the proprietor personally supervises the 
kitchens. The same tradesmen have been ejii]>loyed 
for some 27 years. Orders are sent them each night 
for the next day, and they quite understan ‘ 
inferior provisions would be returned : hence the food 
is of excellent quality. Arrangements are also made 
with market salesmen. The kitchens are under- 
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ground, but the diffieulty of ventilation lias been are things to be remembered, and ex])erienced 

leinoved by the use of Blackman ventilating fans. liands regard 2 h, Od. to 3s. Gd. in ti])s an average 

means of two Ewart geysers, boiling water is for a hard day’s work. It may be remarked besre 

obtained a minute after the gas is turned on. The that some firms deduct from wages so much for 

kitchens are whitewashed tliree times a year, and breakages, whether done or not, make the waitresses 
the whole plaice is scrubbed down daily. One lift provide their own uniform and pay for the washing 
conveys tlie plate ordered, bearing a slij) of paper of collars and cuffs. 

initialled by tbo waitreas through whom it w'as In our up-to-date restaurant the chef starts with 
ordered, the other carrying down the empty plate. a salary of 32s. a week, rising to 60s. a week, with 

Broken food is given away. a bonus of two guineas when the profits exceed a 

It will Ihi evident that such a restaurant, eon- certain percentage, 
ducted in a homely fashion, has its owm clientele. Methods of Ordering Provisions, 
which needs careful working uj) Let us now' restaurant company runs its owm shops — buteberV, 

consider one managed on different lines. dairy, etc. ; others send an agent to market. 

The Modern Restaurant. This reslau- One has a distributing centre, where a staff of 

rant belongs to a limited company, is conducted by 2,000 is engaged in »-ooking and [tfeparing V’***^* 

aUidymanagor, is open from 0.0 to 7.0, provides some visions to be distributed at the various depots, 

300 funches, and serves some 400 customers daily. and where cakes, etc., are made during the night. 

Provisions are weighed and measured as they conie It has its own buyers. Dairy produce is bought iu 

in, and include KW lb. of meat (Scotch l>eef. New' the o]>en market, and teas are obtained direct from 

Zealand mutton, and English meat), IS lb. of fish, India and (.Iiina, and blended. Here the waitresses 

3 cwt. of ]>otaUK*s, and other vegetables by the .sack are ]»akl lOs. a W'eek and commission, and the annual 

or dozen. There is no place for cold storage, but holiday lasts from one to three weeks, at'cordiiig to 

supplies are obtained through provision menLants the length of service^. 

and contractors. The chef is English, foreign chefs The various eoffee-houses and vegetarian restaii- 
having usually proved uncertain in tem^ier, violent rants claim a few words, since they are run 

in language, and wasteful. Q’he kitchen staff also on i^culiar lines. The former are often dead 

includes two hoys, who clean knives. |K»rform failures, because they lack cleanliness and bright - 

duties, clean brassos, and do most of the outside ness, and thus instead of encouraging temperan(‘e 

work, n general help, one girl for plates, and another flrive w'ould-l)e customers nw'ay. Tne latter are win- 

for light washing up ; also vegetable and ]mstry- ning favour and increasing in number, for a well- 

cooks. The lloors are scrubbed before 10.36, the managed and altra(‘tive place has a good jirosfiect 

whole premises and staff being ready for busiiiesN of success ; one, W'ith Oriental dc<^orative work, 

liy 11.30. which makes a feature of Indian, American, and 

The charges for table d'hole lunch are Is. (m 1 : Italian dishes, and provides a table d'botc or a la 

a la carte — meat 6d. or 8d., vegetables 2d., sweets 3d., carte Imieh for Is. (kl., and dinner. . for 2s. 6d., is 

bread Id., coffee 2d. Sixpenny teas provide very popular. 

one pot of tea, three slices of bread-and-butter. C'offee-.stalls outside railway termini are o|K‘n 
jam, marmalade, or watercress, and jiastry or a early iu t lie morning for the late w^ayfarer or early 

piece of cake ; but they have not ‘‘ caught on," worker. They supply a slice of bread-and-butter 

the same articles ordered separately, and costing for id, and a cup of coffee for the same sum, and 

7d. in all, being preferred, so imperative i> Dame arc largely patronised by workmen W'ho come up to 

Fashion. Exclusive of rent, gas, rates and taxes, the (’ity in the early trains. 

the business returns half profits. It has Ijeeii found Waiters and their Tips. The metliotl 
by exi>erienee that a woman makes the jnost trust- of payment of w'aitcrs varies even more than 

worthy and efficient manager — that is, o( course, that of waitresses. They iiia^^ be paid a fixed 

provided that she has s|K*ciHl (lunlifications for the wage and commission, a commission only, or may 

work, and does not follow the bad example of the even pay for the nrivilege for working, recouping 

male manager in leaving his jiost at will and failing themselves entirely by tips. Rueh a livelihood 

to clieck weights and quantities. is, of course, precarious, yet many find it profit - 

WorR and Earning* of Waitreaae*. »ble. In hign-class establishments in London 

'J'lip waitresses include eight in the two main rooms, they may earn from £ir>0 to £200 a year. At 

six in the dining-room, and two in the smoking- a well-known West End re.staiirant, where thirty 

room, besides a cashiei’. A dressing-room is re- waiters are employed, they are at work early in the 

served for their use; their hours are 9.0 to 7.0 daily, morning preparing the hors-d’oeuvre, go off duty 

and 9.0 to 3.0 on Saturdays, with one week's holiday till 5.30, return and work till 12.30. They are 

in summer. On arrival in the morning, they dust, foreigners, wdio usually have the advantage over 

spread fresh cloths, clean silver and cruets, and English waiters in being well trained and knowing 

arrange the tables by 11.0. The charge of three several languages. At this same restaurant an 

tables with six customers at each is the ]iortion of excellent dinner of eight courses is provided for 2s. 

each girl. She takes her meals on the premises as As the proprietor remarked, success depends entirely 

opportunity offers. The W’ages are 6.s, a week, ami upon one’s skill and knowledge of the business, 

ns 58. a day represents the best harvest of tips, she One man, a few' doors off, could not provide a 

de]X)nds mainly on these. Earnings of £1 to£l 10s. a similar dinner at 38. 6d. In forty years he himself 

week are exceptional. By the W'ny, the aimounceinent has reaped a fortune. As another instance of 

“ No gratuities” is misleading and unfair to the girls. fortunes made in restaurants, one might quote the 

A system which jirovidcs an insufficient living wage, founder of “ i\ la mode Beef Dining-rooms,” 

and loaves it to the waitress to get what she can out established in Gracechureh Street in 1837 ; he left 

of a customer, is a degrading and demjAlising one. a fortune of £40,000. 

Waitresses are even known amongst ol^another ns As vegetarianism appears to be w'inning converts, 
“penny girls” and “ twoi^enny girls.” The non- w'c shall probably before long be w'ell supplied 
tippers are called “ sloi^ers.” Threepenny tips with restaurants of this tyi>e. 

Cmtinued 
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I to tlie removal of certain const itnenlB of 
^ the soil by growing plants, the land will soon 
c(‘Hse to yield full crons unless artitieiul means are 
adopted to make gooa this loss. There arc a large 
number of elements which are essential con- 
stituents of ]>lant food, and Nature yields an abun- 
<hint supply of most of these in the soil, air and rain. 
On the other hand> the elements potassium, phos- 
phorus and nitrogen are present cither in insuflicient 
quantity or in a form not readily available to the 
]»lant if large 3deldH are required. Different plants 
recpiire the addition of different constituents, and 
for all information dealing with the practical 
application of manures wo must refer the student 
to the course on Agriculture. AVe are concerned 
here onlj’ with tlie fact that compounds of 
])otassiuiu, ]diosphorus and nitrogen are required 
which must be available to the jilant, and we shall 
show whence they may be derived and what 
uiamifacturiiig proce.sses they undergo to prepare 
them in a suitable state for application as manun*. 

Potassium Salts. We have in our own 
coimtry an ample supply of sodium eoin]»ounds 
in the form of salt deposits, such as those in 
(.'heshire and elsewhere, but we have no corre- 
sponding potassium salts close to hand, and we 
are, like most other countries, largely” de|>cndent on 
supplies froiii (iermuny, and apparently we shall 
always be so. 

The rock salt deposits huAC been worked for 
very many years at Stassfurt, in Saxony, and about 
40 years ago deep borings were made to see if a 
iK'tter siqjply could lx* discovered, with the rt*sult 
that enormous quantities were found a thousand 
feel or more below tlie surface. Above the deposit 
termed the “ older rock salt,” were large quantities 
of saline substnnc’es w'hich were originally thrown 
aside as useless and termed “ abraum salt,” as 
they had to be cleared away to get at the roc*.k salt 
((reVinan, ubriiumen). It was not until some years 
later that j>cople began to realise that these salts, 
containing large quantities of potassium, were of 
far greater value than the rock salt itself, and that 
they would eventually constitute the greater part 
of the world’s supply of potassium com]X)unds. 
Previous to this w^c were dependent for our supplies 
of potash on other sources, which did not, how- 
ever, yield a fraction of what is now produced 
at Stassfurt. 

The word patanh is derived from pot ashes ” — 
that is to sav, the ashes left in ixits after the burning 
of wood. \t’ood, like all vegetable matter, contains 
certain potassium salts which are left as potassium 
carbonate in the ash. 

Similarly, potassium salts ai*e obtained from the 
residues of the beet sugar industry and kelp, certain 
varieties of sen-W'ecd formerly much used in the 
manufacture of iodine. Inaia also produces a 
certain quantity in the form of potassium nitrate ; 
but all these sources together do not amount to 
more than 20,000 to w,000 tons per annum, 
while the output of the Stassfurt beds amounts to 
3,000,000 to 4,000,000 tons. 

G a5 


The Potash at Stassfurt. It must not 
be supposed that ehemk*ally ]mre potash is found 
in the earth and simply has t(» be dug out in this 
condition. Not onl\* do various salts of |X)tash 
occur, such ns the chloride, sult)hnte, etc., luit tlie^^ 
are found in combination or admixture with 
sodium and ealeium salts. 

These wtli beds, as thev arc called, were probably 
formed by the evaporation of the water of inhitui 
salt lakes, connected with the o(‘ean hy narrow 
channels. \h the water evaporated, it was rephuM-d 
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bv fresh salt water from the sea, so that th«* 
lakes eventually contained so much salt that it 
began to separate out on the bottom. Wo arc able 
to follow the order in which the different salts 
were deposited, hy a study of deep borings that 
have lK*eu made; the diagram [1] ivill he1() to 
explain this. 

The first to deposit, as being the l<*ast soluble, 
was anh,V(lrous ealeium sulphate, or “ anhydrite ” ; 
then caiue the very extensive deposit of older rock 
salt. This bed is 3,000 ft. thick, and is supposed 
to have taken 13,000 years to form. Above llie rock 
salt came in order a miinber of combinations, or, 
rather, mixtures of different salts in definite j)ropar- 
tions ; polyhalite, kiescrite, carnallite, kaiiiitc and 
H^dviiiite. Of these, carnallite, a double chloride of 
potas.Miuin and magnesium, KClAIgOloOHuO, is the 
most important. Above this is a narrow layer of 
salt clay'. Now', clay is impervious to water, and 
the narrow layer formed a watertight roof to the 
]>ota8sium salts underneath. Had not clay been 
deposited, potassium salts w'ould never have been 
found there, but w'oiild have boon washed away long 
before by underground waters.. On the top of the 
salt clay is a deposit of anhydrite and rock salt, 
but no more potassium salts are found above Ibis. 

It must not bo thought that the layers of salt 
deposits are as sharply' separated from one another 
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as represented in the - diagram ; their general 
]>OBition is, however, as indicated, and after mining, 
the salts are roughly sorted out as far as posaible 
before bringing them to the surface. Except in 
some cases where the potassium salts are used 
straightaway as manures, they have to undergo 
considerable purification before they are put on 
the market. This is effected entirely by wet 
processes. 

Concentration and Purification. The 

salts are separated by careful recrystallisation 
in largo tenks, and extensive chemical works for 
this purpose have been built on the site of the 
mines, (^arnalhte is the chief source of potassium 
salts of commerce. Tt is treated in tanks w'ith a 
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8 . DIAGRAM ILLUSTRATING THE OON SUMPTION 
OF POTASH SALTS IN THE BRITISH ISLES 

strong solution of magnesium chloride obtained 
in a previous oyssration. As potassium chloride 
is more soluble, the majority of this dissolves, and 
the residue left behind contains rock salt and 
kicserite (magnesium sulphate, MgSO^H^jO). The 
soluble liquor containing the potessium salts 
is conccntiated, and potassium chloride separates 
out, containing 25 to 30 i)er cent, of impurities. 
Many of these are removed by washing with cold 
water and a suitable process of recrystallisation, 
yielding rveniually the pure chloride (or muriate) 
of potassium. 

Kainite, another of the naturally occurring 
minerals, is a mixed sulphate of the following com- 
j)osition, KaS 04 MgS 04 MgClndHg 0 , and is worked 
up to remove the chloride. The mixed sulphates of 
ymtash and magnesia may be worked up for the 
manufacture of pure sulphate of potash or sold 
straight away for manurial purposes. The per- 
centage of sulphate and chloride varies, but the 
potash is guaranteed 12*4 per cent. K„0. 

Potash in Agriculture. Although the 
manufacture of pure potash salts for various 
industrial purposes is of very great importance, the 
larger proportion of salts brought^ the surface is 
used as manures after suitabl^lHtreatment. In 
(Jermany, the seat of production, potash salts are 
gene»*ally used in the crude state, but it pavs to 
purify or concentrate those salts destined for 
export. The consumption in Germany in 1905 
amounted to some 514 lb. (reckoned as pure 

5586 


|)otash KoO) ]>er 100 acres of arable land; whereas 
in England it was 114 lb., in Scotland 341 lb. and 
in the United States 58 lb. The following is a list 
of the more important potassium compounds from 
Stasafurt used as fertilisers in this country : 

Kainite, containing 12J per cent, yuire potash. 

90 per cent, muriate of potash, containing 50 per 
cent, pure potash. 

80 yier cent, sulphate of potash, containing 48 per 
cent, pure potash. 

Potasli manure salts, a partially manufactured 
product, made in two grades, containing 20 
and 30 per cent, pure potash respectively. 

The varying proportions of pure potanh contained 
in these “ j)ota8h salts ” is noteworthy, and should 
be taken into consideration by the agriculturist 
in determining the yiroportion of potash he intends 
ynitting on his land. In this country far more 
kainite is used than any other form of potash 
manure, something over 55,000 tons being imported 
into Great Britain in 1905, while muriate and 
sulphate of potash are in about equal favour, 
3,000 to 3,500 tons of each being imported 
during the same jieriod, and 0,000 tens j)otasli 
manure salts. The (*onsumption of potash in 
agriculture in this country is graphically demon- 
straled \p the accompanying diagram f2J. 

The j)ercentage of potassium salts should always 
be expressed as pure potash, as the farmer may 
be led astray by the (jontents of potash being made 
to look more attractive by being stated, say, as 
sulphate of })otash, one part of })otash being 
equivalent to 1*85 ])arts of the sulphate. The 
reader is referred to the excellent Board of Agricul- 
ture leaflet No. 72, which will be sent post free 
and free of charge on application to the Secretary, 
Board of Agriculture, 4, Whitehall Place, London, 
S.W. Letters of application so addressed need not 
be stamped. 

Phosphatic Manures. The raw materials 
for the manufacture of these fertilisers consist of 
tri-calcium ortho-phosphate, Caa(P 04 ) 2 , in various 
forms, such as apatite, phosphorites, phosphatic 
rocks, and coprolites. The i)ercentage of calcium 
phosphate conteined in these substances varies con- 
siderablv, Canadian phosphorite having 70 to 80 ]ier 
cent., while phosphatic rock from districts on both 
sides of the Franco- Belgian frontier may contain as 
little as 20 per cent. The so-callcd “ river ” and 
“ land ” phosphates from South Carolina form one 
of the most important sources of supply, and carry 
50 to 60 per cent, of calcium phosphate. Ortho- 
phosphoric acid being a tribasic acid, forms 
three calcium salts, the tri-, di-, and mono-calcium 
phosphates. The naturally occurring tri-calcium 
salt is an insoluble compound, and therefore not 
easily available to the plant. For manurial purposes 
it is converted into one or other of the two salts. 
Of those, mono-calcium phosphate or “superphos- 
phate,’’ is soluble in water and readily available, 
bi-calcium phosphate, although sparingly soluble 
in water, dissolves more readily in organic acids, 
such as citric, and in neutral salts. It is, therefore, 
more available than would at first appear. 

Manufacturing Operations, For the 

manufacture of superphosphate, the mineral in 
ground up and treated for two minutes with sul- 
phuric acid (chamber acid) in a lead-lined wooden 
tank provided with an agitator. The semi-fluid 
mass is then let down into a pit built of brickwork 
or concrete where the heat developed in the reaction 
raises the temperature of the mass to over 100° C., 
and a good deal of noxious gas is given off. The 
calcium sulphate formed in the reaction combinee 




with the water to form a solid mass of pluster-of- 
Paris, BO* that the whole sets, and is dug out with 
j»ickaxeH. The lumjw are then reduced to powder 
in suitable machinery. 

The value of the suj)erphosj)hate is bused on the 
]»ercentage of “ soluble jjhosphates,” which will 
average 25 to 27 ]>er cent., but W'ill naturally 
vary with the raw material, and may be as high as 
45 j>er cent. Suj>eq)hosphate eontaiiiing as much as 
S7 lX‘r cent, soluble phosjihate is obtained by Pack- 
hard’s process, W'hich consists in extracting the 
soluble x»hoHphate from the calcium sulphate with 
water and concentrating the litpior with further 
quantities of mineral rich in c!alcium phosphate. In 
•this form sujXTphosphate has considerable advan- 
tage over the ordinary brands, costing much less for 
carriage. 

If the mineral is of ])oor quality, or otherwise un- 
suitable for conversion into HU])erphosj)hate, it may 
l>c extracted W'itli weak hydrochloric acid and then 
precipitated with lime, chalk, or sqme waste pro- 
duct, as calcium suljdiydrate from alkali waste. In 
this manner the so-called “ precipitated phos- 
phates ” are obtained, consisting of the “citrate 
>()hiV»lc ” di-calcium ])hosphatc. 

Bones, bone ash and basic slags arc all ])hosphatit; 
manures. Bones will vary in composition according 
to previous treatment [sec Cdues and Adhesives, 
page 5357 J ; they may be treated for the manu- 
facture of “ supierphosjjhate ” on the lines already 
<lescribed, or merely ground up (bone meal). The 
basic slag formed in the Bessemer steel process 
by the (jombination of lime with the phosphorus of 
the iron, and containing 10 to 25 pier cent, 
of p)hosphoric acid (PoO„) has been largely used of 
recent years as a p>hos|)liatif‘ manure. The pl\os|>horie 
acid is not taken up by the soil unless the slag is 
liiiely ground, w'liich is elTocted in ball mills [see 
rement-Making, pmge 1583]. The ground material 
sliould not leave more than 20 iK*r cent, residue on a 
sieve with 100 meshes to the lineal inch. In buying 
plioHp)hatic manures the farmer must take the same 
pirecautions as mentioned under Potash Balts ; 
142 lb. of pjhospdiorie acid yield 310 lb. of pho8p)hatt* 

lime, HO, to eonv'crt p>hosphoric acid to pihospdiate 
of lime, multip)ly by 2*2. It looks more attractive 
to see that a manurt^ contains 20 pier cent, of p)hos- 
phates as against 12 pier cent, of pihosphoric acid, 
i)ut, as a jnattcr of fact, these p)ro)>ortions are 
'equivalent, both manures containing the same 
quantity of the Jictive ingredient. [See Board of 
Agriculture leatlet No. 72, already referred to,] 

Eatimation of Phosphates. Calcium and 
magnesium phosphates puesent in. phospdiatie 
manures may be rapiidly estimated by a volumetric 
p»roeess [see also Analytic Cliemistry, page 4403]. 

Uranium .salts react with pihospiiates to give a 
yellow prccip)itatc of uranium p)hosp)hate. The ura- 
nium solution — say, uranium acetate — is added from 
a burette until a drop of the liquid gives a brown 
colour with a freshly- prepared, dilute ferrocyanide 
solution on a i>orcelain tile. The brown precipitate 
consists of uranium ferrocyanide and shows that the 
standard uranium solution is in excess. 

The standard uranium acetate is prepmred by 
dissolving 35 grammes W'ith 25 c.e glacial 
acetic acid, and making up to 1 litre. This is 
approximately equivalent to *005 gramme PaOg 
in 1 c,c. It is accurately standardised against n 
solution preparetl by dissolving 5 grammes of calcium 
phosphate, CH.,fPO*)..., suitably purified, in dilute 
HCl, and making up to 1 litre. The “phosphate 
value ” of the uranium solution is then accurately 
determined by titrating 50 c.c. of the p)ho8p}liate 
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solution with the addition of 10 e.c. of a sodium 
acetate solution. The liquid is heated nearly to 
lioiling when nearing the end p)oint of the titration. 
The estimation of the substance under examination 
is carried out on a quantity of material containing 
about the .same amount of phosphoric ticid, ana 
imder similar conditions to the standardisation 
cxp>eriiiient. The sodium acetate solution men- 
tioned above is uuide from 100 grammes sodium 
acetate, 50 e.c. glacial acetic acid, making U}» to 
1 litre. 

Nitrogenous Manures. In the repmblu's 

of Uhili and Pern are extensive desert tracts wiicre 
nothing grows hnt a little coarse grass round the 
margins of its salt pjools. This is the Cliili snlt- 
p»etre district, whence sodium nitrate is expx)rted 
in large (pjaritities to Euro|)e. to be iiseil either in 
eheinieal works or as a nitrogenous manure for the 
land. The dej»osits know'ii as “ (mliohe *’ lie only a 
few feet below the surface and vary in composition. 
The main ingredients arc sodium nitrate 20 p»er 
cent, or more, Hodiuin chloride 50 cent., and 
sodium sulpliate 5 par cent., with smaller qnantiti<*s 
of other salts. p>articu1arly sodiiim iodide. In conse- 
tpieiicc of this it is one of the most v/iluahlo sourees 
of iiKline. Large ((uantities of sulp»hate of ammonia 
[see Acids and Alkalies] are also used as maniiro. 
It usually contains 24*5 pier cent, ammonia. 

Farmyard niannre contains much nitrogem, and 
also pihosphates and piotash. (hiano, seaweed, and 
fish manure are all nitrogenous, hut contain, in 
addition, various jiroportions of phosphates and 
piotash. 


Nitrogen is often expiressed as aminonia, but tliis 
need not deceive anyone if it bo borne in mind that 
17 p)arts of ammonia are e(|uivalent to 14 parts of 
nitrogen ami (>0 piarts of sulpihate of ammonia. 
The estimatiem of nitrates in C’hili saltpietre is of 
considerable iniportanee in the valuation of this 
Hulistanee as a manure, and as it lias not lieen 
desenhed under (’hemieal Analysis, we shall 
consider it licre. 


! 


LrUnge*s Nitrometer. It is eonvenietd 
to introduce at this stage a form of 
' appiaratiis devised by Professor Lunge 

and iniieli used in analytical piro<-eHses 
wliere a gas is evolved and has to 
be measured. It consists ol two glass 
tubes [8J. a graduated “ measuring 
tube.” A, and a pilain “ eompiensating 
tula*.” B. Both tubes arc connexitod 
togcthci- at the bottom by a strong 
pueee of rubber tubing securely “ wired” 
on. I’lic tul)c A at the top is fitted 
with a .stoficock, E, doubly bored with 
slanting holes, so that the sjMicc in the 
tul)e may be connected either with the 
cup C or the outlet tube D, according 
to W'hich way the cock is turned. Mer- 
cury is pioured into the limb B till it 
about tw'o-thirds fills both tubes, the 
c ock E Ijeing sot so that the interior of 
A is in communication with the air 
outside. The wlioJe a|>paratus Is sup- 
ported on a suitable stand, w'hich allow^s 
the tube B to bo raised or lowered 
indepaendently of A. On raising B the 
mercury will flow out of it into the 
tube A — in other W'ords, the mercury 
W’ill rise in A, driving out the air 
through the cock. On shutting the cock 
as soon as A is full of mercury, no air can be drawn in, 
even although the mercury in A tends to sink by the 
action of gravity on low'ering B again to its former 
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position. On connecting 1) witli the vessel <^ont4» ining 
the gas to be examined and carefully opening the cock 
in tne reverse direction to that shown in 3, the 
mercury in A will sink, drawing the gas in with 
it. On shutting the cock and adjusting the 
tube B until the level of the mertniry in both 
limbs is the same, we can now read off the 
volume of the gas we arc about to examine 
at the tem'()erature and \)rcssure of the atnio- 
sphere. [For the influence of teinj)erature and 
pressure on the volume of a gas, see course on 
Physios.] 

Operating the Instrument. We now, 
perhaps, require to bring the gas into contract with 
a liquid which will absorb one of its constituents 
without affecting the others. Su}>pose our measured 
volume of gas to be a mixture of air and carbon 
dioxide, and that we wish to determine in what pro- 
}K)rtion8 they are present. Pour into the cup C a small 
quantity of strong caustic soda solution, then lower 
the tube B, and by carefully turning the cocjk to the 
position shown in 8 allow some of the caustic 
liquor to be drawn into the tube A, being careful 
to shut the cock before any air is sucked in. (iently 
agitate the li(|uid and gas in A, by raising and 
lowering B, thereby <^oiii])ressing and exjianding 
the gas in A and covering the interior walls with a 
thin layer of caustie liquor, and so exposing fresh sur- 
faces to the action of the gas. The measuring tube 
may also be undamped if necessary, and the mer- 
cury shaken up w'ith the caustic licpior and gas, 
but this o|>eration requires care. When the action 
is believed to bo complete, adjust the levels in the 
two tubes again, and read off the volume of the 
gas, which will now be smaller than it previously was 
by the volume of dioxide absorbed. Gentle agitation 
of liquid and gas should ha repeated, and on again 
measuring the volume the same figures should be 
obtained as before, showing that absorption of the 
carbon dioxide g^vs was complete. 

Nitrates. Salts of nitric acid are decomposed 
with strong sulphuric acid, when a mixture of the 
two are shaken with mercury, the whole of the 
nitrogen being converted into nitric oxide, NO. 
All that is necessary is to carry out this opera- 
tion in the iiitrojneter just described, and to 
measure the volume of the gas in order to deter- 
mine the amount of nitric acid (NaOg) in the 
substance analysed. 

Proceed os follows : Weigh out such a quantity 
of the substance that the gas evolved will be easily 
contained in the graduated portion of the tube. 
To obtain an idea what quantity this will be, it may 
be stjited that every cubic centimetre of NO evolved 
corresponds to 2*4 milligrammes of N^O^, so that *38 
gramme of sodium nitrate or *45 gramme of potassium 
nitrate will yield 100 o.c. of gas. Hun the mercury 
up the tube A until it passes through the cock E 
and just begins to enter the cup C. Close the cock, 
and place tlie weighed substance in the cup, with a 
small quantity of water to dissolve it. By lowering 
tube B, and gently opening the cock, draw the liquid 
on to the top of the mereiiry in A, but be carefiU to 
see that no air enters. Add a little more water 
to wash out the cup, and draw this into the measur- 
ing tube. 1 or 2 e.c. of water should suffice 
to got the whole of the substance into the tube. 
Then pour 15 or 20 c.c. of pure stronMulphuric acid 
into the cup, and draw this into the n^aauring tube, 
close the cook, and, unclamping the tube A, shake 
vigorously the mixtiu'e of liquids at the top so that 
the surface of the mercury is broken up into globules, 
which mix in with the acid. Set aside one hour 


to stiind, then adjust height of mercury in both 
tubes, and read off the volume of gas, from which may 
be calculated the percentage of nitric acid on the 
basis of the figures already given. Allowance must 
be made for the fact that sulphuric acid is not so 
dense as mercury, and requires a column six and a 
half times as high as the latter if both are to balance. 

Other Uses of the Nitrometer. This 
instrument can be used for estimating nitrites as 
well as nitrates, each cubic centimetre of NO being 
equivalent to 1*7 milligrammes of N„0,.. It is also 
used a good deal for measuring the tottil nitrogen 
in “nitrous vitriol” [see Sulphuric Acid, page 4627] ; 
also for the estimation of urea and ammonium salts. 
This requires a little further explanation. Instead 
of using sulphuric acid to effect the decomposition, 
its place is taken by a strong solution of sodium 
hypobromite, which liberates all the nitrogen, 
whether in urea or ammonium salts, in the form of 
the gaseous clement itself : 

(X)(NHJ, 4 3NaBrO -00, ^ N, -f 2H,0 + 3NaBr. 

Every cubic centimetre of nitrogen is equivalent 
to *002052 gramme of urea. In addition to these the 
nitrometer can be used for the estimation of nitrates 
and nitrites in water and in a number of other 
analyses which would lead too far to go into here. 

Nitrogen from the Air. The atmosphere 
surrounding us contains roughly four-tifths of its 
weight of nitrogen. We have, therefore, an in- 
exhaustible supply of nitrogen, if only an eeonomical 
method could be found for converting it into nitrates 
or other nitrogenous compounds suitable for manure. 

The manufacture of compounds of nitrogen from 
the air by electrical processes has recently made 
great advances. Two processes are working on a fairly 
largo scale; one of them converts the nitrogen into 
ba^ie calcium nitrate, and in the other the nitrogen 
is obtained in the form of eyaiiamide. Both these 
substances are said to be suitable for direct applica- 
tion to the land. 

The cyanamide process is due to Drs. Frank and 
Caro. It consists in passing nitrogen over calcium 
carbide heated to a nigh temperature. The sub- 
stance obtained has the formula CaCN,. Calcium 
carbide is at present manufactured in (considerable 
quantities for the production of acetylene gas for 
lighting purposes. The nitrogen is obtained from 
the airoy liquefying it and distilling the liquid. The 
second method is merely a manufacturing adaptation 
of the observations originally made by Cavendish 
(1784), who found that nitrogen and oxygen combine 
slowly to form oxides of nitrogen under the action 
of electric discharges. The conditions applied in 
practice de}iend upon the fact that “ the yield is 
notably increased when the electrodes are placed in 
a narrow part of the chamber in which tlie reaction 
takes place, in order to submit the whole of the gas 
to the action of the electric energy, and to draw off 
as rapidly as possible the gases which have been 
subjected to this action.” (Guye.) 

Experiments are in prograsa or small plants 
erect^ for working this process in Norway (Eyde & 
Birkoland), at Freiberg in Switzerland (Kowalski's 
method), and at Niagara Falls (Bradlcy-Lovejoy 
method). The gases obtained in the arc furnace 
chamber contain 1 to 2 per cent, by volume 
of nitric oxide, the remaining 98 per cent, or so 
consisting of inert gases. The problem of separating 
this large dead weight of inert gas economically is 
no easy one. By cooling the nitric oxide gas, it is 
converted into NsO,, ana Na 04 , which, by reaction 
with water and an alkaline solution such as lime 
water, yield nitrate of lime. 
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By JOSEPH G. HORNER 


I^ANY of those who have followed the (‘ourse on 
Mkuhamcal Enoineeri.vo, ami who, perhaj)^, 
have approached the subject for the first tijue, 
may have received the impression tluit, where 
so large a number of departments and highh 
technical subjects are involved, there must be 
inevitable isolation from one another. It seems a 
far cry from moulding to machine tools, from 
pattern- making to metal-turning, from juilling to 
forging, from the work of the draughtsman to that 
of the boilermaker and jdater. That is true in 
one sense. Ihit we want now to show in a final 
article the vniiy of engineering practice, the under- 
lying and essential relations which exist l)etween 
trades and subjects so diverse. We shall show how 
the het/erogeneous and extonsive elements make up 
an organic, unified system, with all of w hich the true 
engineer must be familiar. Wo ask our readers, 
therefore, to accompany us through a few typic*al 
engineers' works, and to see how the great organisa- 
tion is laid out and carried on. Then we shall 
^ee in what manner the requisite training is ob- 
tained, and how the ambitious youth is started on 
his enthusiastic career. For there is little ehan< e 
of high success in engineering for those who have 
no love for the pursuit. 

Machines and applianco-s are found in everv 
department of engineering without exception, and 
are much more numerous in some than in others, 
but are nevertheless ubiquitous. They are the 
key to economic production, for success or failun* 
ill general dejiends more largely at the present 
time on the utilisation of the most suitable machine^ 
out of several possible than on any other single 
factor. And the secret of succc.ssful organisation 
is to so arrange these machines and at»plianees, 
and the several shops and deiiurtmcnls in w'hich 
they are located, in the manner which is best 
calculated to ensure their most economical of»era- 
tion from the point of view of output. And these 
questions of arrangement, location, organisation, 
it must be remembered, lies wholly outside that 
of the selection of the machines and methods most 
suitable to ])roduce given results on imlivUlual 
pieces of work. 

The Unite. A modern engineer's factory, 
employing a small army of men, ranging from, say, 
500 upwards to 2,000 or 3,000, spread over several 
acres of ground, containing a number of dilferent 
shops [see page 2108J. with appliances, tools 
and machines that numlier some thousands, 
requires good generalship. Every shop and every 
sub-department of the works is a unit distinct and 
.sefiarate in itself, a little world of its own, a (’om- 
j>lete microcosm. But it is, nevertheless, linked 
with every other shop and department in the vast 
works, and this is the ijoint of view from which it 
has to be regarded in the offices. The w'ork in 
every department must be kept moving relatively 
to that in every other, though the men in the 
various departments never intermix with or .seldom 
speak to those in other departments or have any 
knowledge of W'hnt is being done elsew'here than 


in their own. But the management knows, and 
has to regulate the progress and sequence of 
operations so that all the individual sections of 
machines and structures w'ill come into the 
erecting, or assembling, or store, or shipping de- 
partment at the right time. This exnlains the 
apparent marvel of the eretdion of a bridge, or 
the building of a locomotive or a crane, or tln‘ 
cfiuqiment of a central station or a new factory in 
wdiat stvms an incredibly short space of time. Ji 
explains why a firm can turn out a complete eiigim^ 
every day. or a hundred sewing machines or 
typewriters in a week, and so on. The secret is 
arrangement, organisation, management, w'ith all 
that i‘' eo\ered by those comprehensive tonus. 
Let us (‘onsider these in turn. 

Arrangements. By the word armnyemt ui 
is understocKl the laying out of the various 
isolated shn]>'< and the best method of linking 
them together. This matter, highly desiniblt* 
though it is, 1ms not received general attention 
until within the Inst ten years or so. Everyone 
who is at all familiar with factories can call 
to mind s(*ores of old works laid out without 
any regard to economical inter-communieatiem 
between the units — the shops. LTpstairs and down- 
stairs, and a shop hero and another yonder, with 
nothing but rough, dusty, or muddy yard betw'e(*ri, 
eiieumberod with the wasters and rubbish heaps of 
a generation — that is the old style, in which a 
vast amount of time, which is money, is wastcsl 
within and without the’ shops in the mere hauling 
henv> materials and work about by human 
lunxlc* ; often, too, backwards and forwards over 
the same ground, or up and down old stairs. CVntral 
I'ontrol 'i'< largely lacking, and men do to a large 
extent w hat seems right in their own eyes. 

But the modern style is this — shops arrniiged 
in parallel or at right angles, and located so 
that the cost of haulage is reduced to a minimum. 
The shops arc arranged as much as possible in the 
same secpiem e as that of the coiirsi^ of the work. 
Raw inaltTials come in at one locality, and the 
work in it.> progress moves onwards towards the 
final departments in which it is delivered com- 
pleted. A system of narrow-gauge tracks — light 
rfnlw(oj < — traverses the shops, and also connects 
all the shojis. one with another adjacent. Turn- 
tables. and iMirves are fitted whore necessary, and 
W’eighbridges lie in the course of the tracks at the 
]^laee of entry* and of delivery. Besides this, there 
is a sy-stem of hoisting apparatus in all the shops 
w'here heavy’ work is nauled — as in the foundry, 
the boiler shop, the turnery, and the machine and 
erc'cting shops. It comprises overhead travelling 
(*ranes spanning the entire width of a shop, ami 
ranging any’W'here between 5 tons and KH) tons 
capacitv, varying with the mass of the w'ork to be 
handled. It comprises swinging jib cranes ranged 
along the walls, to command certain areas, to cover 
certain machine tools, or foundry areas, or a smiths’ 
forge, etc. It also includes overhead tracks for 
suspended hoists, which ore run along over the 
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floors, or machines, to deal with a class of work too 
heavy to be lifted by hand, yet not heavy enough to 
reqnire the services of the big cranes and travellers. 
To operate these cranes and various machines 
there are poM^r installations. ,In a big modem 
factory there are generally four distinct power 
sets — steam, clc(!tricity, water, and compressed 
air. 

Steam Power. The steam power of a works 
is not used for driving machine tools directly 
to the extent that it was a few years since. Its 
principal functions now are the driving of shop 
shafting and the supply of power to the dynamos 
for driving and lighting. Many independent 
machines that wore formerly steam-driven, such os 
])unches and shears, now have motors fitted. Many 
cranes formerly actuated by steam have been 
thrown out to make way for electric cranes. There 
is still, however, in many works a large number of 
machines and cranes that are steam-driven, besides 
the main shafting. "J’he boilers generally used are 
of the Lancashire or Oallowuy type, though in 
many rec^ent plants water-tube boilers of Babcock 
and Wilcox, or similar type, have been installed in 
preference [see Prime Movers]. 

Electricity. Electricity is without doubt the 
power agency which is destined to overshadow all 
others in factories, as elsewhere. Already many 
facjtories use electricity to drive shafting, or even 

■ > l.ii .t.linvt iTii fv tr%w> on inrl i iri/^n a I nmf/t,. 


Compressed Air. Compressed air, the 
youngest of the^L^ power agents, is also one that 
is very promisiiiie Atmospheric air is com- 
pressed by a 8tea*r«iw engine in a cylinder, usually 
to 80 lb. per sc^uare inch for factory service, 
and delivered at y t that pressure into a receiver 
resembling a verid boiler in external appear- 
ance, and thence Ai^\eliverod to hoisting machines, 
to machines for ril%^’^©ting, chipping, caulking, 
hammering, machine mou^^sjfjding, and much beside. 
In the early days of comjw^^ssed air, difficulty 
was exjierienced consequent k /m the elasticity 
of the medium, which produced jerjrJ^^V movements, 
difficulties duo to heating and ec condensation, 
to wear of the valves, and to other r?piwhan{cal 
details. These have been overcome, aC^ld air- 
operated tools and appliances are reliable. .^Therc 
is the objection to piping as in steam and wrfi;w>f»r 
supply, but in some m.achine8 there is little rivalry 
(*vcn with electricity in the field. In chipping, 
caulking, hammering, sand blasting, compressed 
air has the field all to itself. The tiny engines 
and their mec*hanisms are marvels of design [see 
))‘ige 5455]. Only in light hoisting docs electricity 
come into close rivalry with air, and that only 
s'nce air has spread itself over this promising field. 

In all overhead track systems, the rivalry now lies 
practically only between two kinds of hoisting 
machine- -the air-operated, and the electrically- 
driveii travelling hoists. 


fbe lifting hook is being ousted in favour of the 
lifting magnet. Steam boilers and engines are 
required still, but the boilers that supply the power 
house are generally of water-tube type, and the 
engines are of high sjieed or high rotative speed 
type, eoufiled directly to dynamos. 

The great advantage which the electric drive 
has over a system of steam pipes is the absolute 
flexibility of the electric conductor by com- 
parison witli the rigid steam pipes, with the 
condcnsati(»n of steam therein — always an ever- 
present trouble. Many cranes and machines 
have their own independent boiler, but these 
are suitable only for outdoor work, as in yards, 
being intolerable in closed shops. An incidental 
point in favour of electricity is that a plant is 
reiniircd to supply light in any modern works, 
and the same, or a duplicate plant, can be used 
for power. 

Water Power. There are certain operations 
in which the power of water, used at a pressure 
which ranges between 750 lb. and 1,500 lb. i>er 
square inch, holds a place that seems to be secure 
against the rivalry of the other power agencies. 
Whenever massive forgings have to be squeezed 
and shaped, or large steel plates flanged or bent, 
or heavy moulding machines pressed, or other 
o Iterations of this general character performed 
there is no agent so reliable as pressure water. 
All works, therefore, which do massive forging and 
boiler work, heavy moulding by machine, forcing 
on of wheels over their axles, or machine riveting, 
must have a hydraulic pressure plant. This 
comprises engines and force pumps, accumulators 
and a system of very strong pipes with special 
joints to convey the water to the various machines. 
Formerly the same power was often used for the 
heavier fixed cranes about a works, and is so still 
in numl^rs of cases. But in laying down new 
installations,^ preference is now given to electypity 
for crane service, retaining, however, the hy<^phdic 
system for the duties just now specified. 
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the shops, should obviously be made to conduce to 
economies in output. The old style was, generally, 
storied buildings, because the old shops mostly 
grew up in the heart of cities. As businesses 
wvre of slow growth, and s}>ace was limited, make- 
shifts were unavoidable, and this explains why 
the older shops, even those of the leading firms, are 
generally anything but modern in their arrange- 
meiits. Heavy and light machines are sprouped 
together instead of being separated, and upjier 
floors are loaded with heavy machines that ought 
to be on the ground floor; In constiquence of these 
difficulties many of the older firms have migrated 
to suburbs, built themselves new shops, and spread 
thcinselves out with room for future growth. 

Buildings. Factory buildings may be grouped 
under two classes — the single-floor building, 
and the storied building. The former is suited 
for heavy machinery and massive o|)erations; the 
latter for the lighter industries. The former is 
necessary in foundry work, forging, boiler- making, 
])1nting, bridge and girder work, in the construction 
of all massive machine tools, engines, cranes, and 
the heavier dynamos and motors. The latter is 
suitable for light brass work, as the manufacture 
of cocks, valves, gauges, piteh chains, and wheels, 
small mechanisms, sewing machines, typewriters, 
electrical apparatus, and so on. 

But in nearly all factories there are heavy and 
light departments. There are light machine tools, 
bench work, assembling, fitting. Hence, we find 
that most factories have work on the ground 
floor, and work on upper floors, heavy and li^ht 
resjiectively. Hence, a common t3rpe of building 
is that with a wide central bay, clear up to the 
roof, flanked with side bays, each with an upper 
floor. Or alternatively, side galleries are erected 
in the main building, still leaving the central area 
open to the roof. For most engine work these arc 
the most approved arrangements. If the shops 
are so large that one bay is not sufficient, then the 
bays are simply r.peatcJd : two, three, or more, all 



cilike, and running parallel with each other. It w 
not necessary to separate these with walls if they 
belong to a single shop, as a moulding floor or a 
n achine shop, but the pillars which support the 
priiu‘ii>als are the only essentials present, 
i the view within these large shops is simply 

f ^of a very large rectangular area, with u few 
# of columns swmounted with girders erected 
carry the roof principals. Each buy has 
♦; own separate sets oi overhead travellers, 
(ratios, and floor tracks, the latter connected with 
tli^ sho]»s adjacent by turntables or curves, li 
these shops the heavy machines 
are by themselves, and 

the light onea m a separate area. 

Heavy lathes will occupy 
one department, where they 
can be served with heavy 
cranes, and light ones elsewhere ; 
and so of other machines, as gr rid- 
ing, and gear cutting, and auto- 
matics, w'hich are relegated to 
distinct areas. In foundries the 
machine moulding department 
w ill be kept wholly n^wirt from the 
hand moulding. Floor work will 
be seiMirate from bench moulding, 
loam from greensand, core mak- 
ing from moulding, etc. 

Lisht. An essential in a shop 
is ample light, in wdiich the old 
shops w'ere sadly deficient. A 
shop oiK*n to the roof can be lit 
from the roof w'ithout any win- 
dows at the sides, though it is 
usual to include the latter. A con- 
tinuous skylight is generally run 
along each side of the ridge. 

The ftau'-tooth roof is liecoming ' - 
more common, the idea being j; 

borrowed from the w'envingsliodh. i 

Here direc*t sunlight is avoided, 
yet there is ample illumination. 

Ventilation. "I PIk* principle^ 
of ventilation and lie i ting have 
lieen more honoured in the breach 
than in the observance. In 
modern w'orks both are regarded. < . 

In the floor sho])s. ojx^n to the ! 
roof, a set of louvres along the 
ridge generally suffices for ventila- 
tion. Heating is more difficult. 

Heating by hot water on the low -pressun 
system is Woming usual. Some systems 
now cr.i>ibiiie heating with ventilation 
Pu "*; i ’’Uff with ventilation 

fhe technical facts oi J' ... only in 

3f the public are jirejudiceo u T +8 as vet 
lave not both sides alike. It k Ih'V tory is 
oimd too much on the ohserval in ^ f old. 

^ -iwurn'. 'ommodation 
in many works,' reaaing-rooms, libraries, 
and in a few instances technical schools, so that 
the younger race enjoy much greater privileges 
than their predecessors did. 

Plans of Typical Works. Figure 1 illus' 
trates one of the best laid out works in England, 
built at Trafford Park, Manchester, by tlie British 
Westinghouse Electric and Manufacturing Co., 
Ltd. The }tarallei lay of the shops, and the 
perfect intercommunication bctw’cen them all. 
with the Cheshire railway lines, with the road, and 
with the Bridgwater Canal are the noticeable 
points in the plan arrangements. There is room 
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for extension endwise of the steel and iron foundries, 
and in a lesser proportion of the other shops. The 
relative areas of the shops may l>c noted, as they 
are fairly typical. The machine shop is by far 
the largest, as it usually is in most engineers’ works. 
It measures over 900 ft. in length, by 427 ft. in 
w'idth, and covers between nine and ten ucros. 
Tliis vast width is divided into five bays, not, 
however, separated by walls, but by columns wiiich 
X)ermit of an unobstructed view'. In fact, the 
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1. TYPICAL ABltANOEMENT OF KNOINEERS' WOUIvS 
(Eritwh Westinghouse Electric and Manufacturing Co., Lhl.) 


buildings are steel skeleton-like structures on 
which all the loads of roof and cranes are carried, 
and the brickwork is merely a tilling in to form 
walls. 

Every shop where licavy work is done is served 
by tracks, which total to about ton miles in length. 
Ihit then the area covered by the buildings amounts 
to 30 acres. The tracks are not, as is usually 
the case in works, of 18 in. or 24 in. gauge, but 
standard 4 ft. 8J in. so that goods trains run into 
the shops when required to load or unload materials 
and manufactured goods. Where the tracks cross 
at right angles, turntables are used: elsewhere 
curves of 200 ft. radius predominate. 
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The ground floor and the two* storey and galleriod 
types are represented here [see the general 
cross section 1* In the machine shop two of the 
bays are- open to the roof, and three are two stories 
high. The lighter electrical work is done here, 
largely by girls. The foundries are open to the 
roof. The iron foundry is 600 ft. long by IHO ft. 
in width. The brass foundry is 170 ft. long by 
75 ft. wide. A number of powerful overhead 
travelling cranes serve the shops. These are 
indicated by the letters AA in the plan and gene- 
ral cross .‘ection. Most of them are of 50 tons 
power. 

Another excellent lay-out is shown in 2, th«t 
of the works of the British Thomson-Houston 
(*o.^ Ltd., RugW. Here, two systems of tracks 
are employed. There is the standard 4 ft. 81 in. 
in connection with the main line railway, ancf the 
“Hunt” system of narrow-gauge tracks serving 
the shops. The system is a most complete one. 
with turntables, crossovers, curves, swit<,hes. 'the 
drawing is self ex])lanatory. 

Sections. Figure 3 gives a section through four 
bays of the mfudiine shop of Kendall & Gent, Ltd. 
1’he two middle bays arc open to the roof, the 
two flanking ones are two-storied buildings, and 
both the ground floor and the np|3er one earry light 
machines. The floor which seems to cover the 
middle bays is not so, but an end gallery only. 

The most approved method of 8up}X)rting the 
roofs and the travelling cranes away from outer 
walls is here seen. Steel columns, lattice- braced, 
allord supjiort to the roofs and the traveller run- 
ways, generally also to bearings for shafting. The 
columns leave free communication between bays. 
If a separation is rc(|uircd the spaces between the 
columns can be bricked in. But the brick tilling 
carries no weight. This method is often adopted 
for outside walls. Steel columns carry the roof, 
and the spaces between them are bricked up. 

Organisation of a Works. This phrase 
signifies the system by which the work of the 
various shops and departments is executed. It 
includes the commercial and the mechanical 
side, two very distinct groups which are seldom 
controlled by the same chief,* or the same staff. 
Each requires knowledge and experience of a 
totally different kind from that of the other. 
Financing and manufacturing are as opposite as 
the Poles, but both are esscutial to the successful 
conduct of a business. 

In the organisation of a factory, complete account 
has to be t/iken and recorded in the offices of all 
orders, the labour costs, the materials used, the prime 
costs due to all charges and expenses, the interest 
on and depreciation of capital, and the value of 
the assets. This entails nn immense commercial 
system altogether apart from the tasks of actual 
labour. Of late years much more attention has been 
paid to the details of cost-keeping than formerly, and 
this has l»een favoured by the growth of the simple 
card system in place of cumbrous account-books. 
The work of the shops has to bo preceded by esti- 
mates and tenders, by designs and drawings, after 
which the work is carried out under the supervision 
of managers and foremen. 

The Management of a Works. After a 
factory has been laid out and organised, the duties 
of the managers are supposed to proceed within 
specified limits. Latitude and initiauvo are allow^ed 
and often encouraged, but not such as would inter- 
fere with the general organisation laid do^lPr Thus, 
a manager or foreman is perfectly free to use his 
judgment in regard to varying the methods \rhicb 


have been hitherto adopted in the shop of which he 
has charge, but in doing so he must not interfere 
with those of another department that lies outside 
the sphere of his responsibility, and he must not do 
anything that would check the progress of the work. 
Any radical changes can emanate only from, or be 
sanctioned by, the general manager, or the managing 
director, who has supervision of the entire factory. 
ExjTerience shows that undue interference with the 
heads of departments is injudicious. The ^st 
results follow when a free hand is given, subject 
to the above-named necessary limitations ; to give 
a man respons.bility, and to judge and pay him by 
results is the sure way of getting the best out of him. 

The Training of Engineers. The train- 
ing of engineers and craftsmen is a question 
around which much controversy has been ivroused 
in connection with the growth of the technical 
Hcho^s, and the increase in the unemployed in our 
streets. 

The man who seeks success, either in the conduct 
of mechanical engineering works or in the practice of 
one of the separate crafts of the factory, can ac^hieve 
it only by a combination of manual work and 
study. No man, however skilful he may be, or 
however excellent his opportunities of acquiring 
knowdedge and experience may have been, can 
neglect without serious loss the recorded experience 
of others. To tost it, write articles or letters to a 
technical journal stating how' you have, done certain 
])ieeeB of work, and other readers will show you dif- 
fei ent, and iierhaps better, ways of doing the same 
job. It is the same in visiting other shops, or in 
conversation with other men. The more you do in 
this way the less conceit will you have of your own 
acciuirements. The greatest engineers are generally 
omniverouR readers, and are discreetly modest. 

Technical Education. The technical 
education of the schools cannot b:* kept out of the 
subject we are considering. Though the old engineers 
did without it, they would nevertheless have been 
spared many initial difficulties could they have stated 
them to a qualified teacher. The present danger is 
lest the i)lace of technical training should be over- 
j I ted. It must not le regarded as a kid-gloved, 
genteel dovi e for creeping into engineering by 
avoidance of hard work. In that way lies certain 
failure. Successful engineering is not to be achieved 
by the cramming of facts from books and teachers. 
FarH-s, like tools, are of no value unless skill in their 
employment is acquired, and that is what the youth 
gamers in the shops. Hence the proj)er place of 
technical education is as an aid to the shops, not 
preceding or following, but sandwiched in with shop 
practice. But here the difficulty arises. 
is only one way to accomn^* ’written mainly by 
work in the shops in th' • Machinery ” resembles 
or to spend six suit* caters for the engine builders 
winter term in ^aeering is treated popularly in 
exclaim that thj • onthlies, “ Gassier’ Magazine,” 

Yes; and any y queering 1^1, 

and influence, ab 

ruck, must do so. The youth who gives his ] 
to dissipation, and turns up sleepy and silly in the 
morning, b\nn^ his candle thus ; then why should the 
> outh with noble ambitions grumble ? The life stories 
of the great engineers, in common with otWs, teem 
with records of men of whom it is literally true : 

“ But they, while their companions slept, wore toiling 
upward in the night.” A passage in the “Life and 
litters of Lafeadio Hearn” applies exactly to 
the present subject. Ho says (vol. 2, page 164) : 

“ Science is difficult, really difficult ; but every- 
thing worth having, in this world is difficult to get 
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exiictly in proportion to its value. The only ques- to study does not seem very attractive. Perhaps not, 

tion, 1 think, should be, ‘ What study will be from the purely utilitarian point of view. Yet of 

most useful to mo all through life ? * but not old it was said, “ Is not the life more than meat? ” 

whether it is difficult. What is important to Though men may be poor, they can be of Nature’s 

know is always difficult to learn. And I would re- nobility. “Men, my brothers, men the workers. 


liii 


mind you of this. Hun- I « 

dreds of students leave ■ I 

the university without I j " ' 

any real profession and J.*. 

without any practical ' " 

ability to make them- ” .. 

selves useful. All cannot 

liecome teachers, or law- . ■ X — ■ ■ ■ ■ ■ 

yers, or clerks. They - - - - , r « 

iHJoomc itoshi, or they ' 

become officials, or they j 

do nothing of any conse- ' ' t 

quence. Their whole edu- 

cation has been of no real m a cniNt 

use to them because it ' -4 — 

has not been practical, - j... 

Men can succeed in life 1- 

only by their ability to do I 

something, and three- 
fourths of the university 
students can do nothing. 

Their education has only 

been ornamci\tal." 2. WOBKS OF THE ] 

This exx>resscs the 

attitude of employers and managers. The first 
(jucstion a youth or man seeking a situation 
is asked is, “What can you do?” or, “What 
work have you been doing ? ” or, “ Where 
did you work last ? ” and not, “ What have 
you learned ? ” or “ What subjects have you 
studied ? ” The unemployed are too often unem- 
ployable. They have passed through the Board 
schools, but have not learned how to do the work 
that the world wants. The hewer of wood and 
the drawer of water whose sole capital is brute 
force has been displaced by the tireless machine. 
But the supply of skilled men is not equal to the 
demand. 

— - question has often been asked, 

the technical facts oi ’• .,fr,/tsman expect for a course 
of the public are prejudicev**''u'";’uly pointed out that 
have not both sides alike. It bVj^n manual workers 
found too much on the observa.in ’c the inducement 
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iianagers. The first ever learning aonusthiny new,'' And the working 
■leekihg a situation youth may learn to feel as keen an interest ii 

i do ? ” or, “ What literature in general and in the literature of his callini 

g ? ” or, “ Where in particular as in kicking or batting a ball. Besides 

not, “ What have who is to say beforehand of a young man tha 

subjects have you “ once a machinist, always a machinist ” ? Oppor 

are too often unem- tunities for advance are always otlering in thi 

through the Board world of rapid changes, but only those who nr 

how to do the work ready to fulfil the conditions demanded can avai 

lewer of wood and themselves of the vacancies that offer. “ Th 

ule capital is brute readiness is all.” Moreover, the zest of life is no 

he tireless machine. always felt so much in the success as in the strugglef 

1 is not equal to the There is joy in the battle, even though the final not 

of victory may not bo heard. Therefore wc say ther 
las often been asked. is every reason why the youths in our shops shoul 

i expect for a course avail themselves gladly of all opportunities c 

Illy pointed out that increasing their knowledge by study, in season an 

manual workers out of season. Certainly, even if competence elud< 

n 1 C the inducement their grasp, they will rarely be “ out of a job.” 





8. SECTION THBOnOH MACHINE SHOP (Keiitlall aud Gent, Ltd., Manchester) 
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Apprenticeahip. In all departments of 
engineering the knowledge of the i-raftsman ean be 
acquired only by apprenticeship, or, its equivalent. 
By this is meant going through dhc same duties as 
those of the apprentice for a term of years, but 
without the indenture. That is how most of the lads 
are now trained. The difference is only in name, 
and in the fact that the period of tuition is termin- 
able on either side at a moment’s notice. This, 
however, happens only when the relations prove 
unsatisfactory. The trade is learned just as in 
apprenticeship ; ix?riods ranging from three to five, or 
seven years are passtKl through, and wages are pakl. 

Though this holds good of all the great depart- 
ments of engineering, exceptions are growing up. 
Apprenticeship or its equivalent is adopted in 
pattem-makii^, moulding, forging, boiler-making, 
plating, turning, fitting, and erecting, and to a 
limited extent in the mtiehino shop. But in some 
departments of this shop and of others the growth 
of machines of some ty[>es has luid the effect of 
displacing skilled craftsmen. It is so in the pmctice 
of the automatic screw machines, of die forging, of 
moulding machines. These departments arc growing, 
but ns yet they do not very seriously assail the 
position of the skilled craftsman. 

Articled Pupils. Articled pu[)il< are the so- 
called “ gentlemen apprentices,’* who pay premiuma 
ranging from £50 to £100 a year for the privileges 
of enjoying the training afforded by going tlirough 
the entire course of the works departments, including 
the drawing office. Sufficient knowledge is gathered 
in the shops for an intelligent understanding of the 
operations performed, without much manual skill. 
>lany, however, do acquire a considerable amount 
of this. But the extent of the field which has to bo 
covered prevents a lengthy stay in any shop. The 
work of design gathered in the drawing office is of 
greater importance, and a good scientific and mathe- 
matical training are essential here. I'upils are 
brought into intimate relationships with the prin- 
cipals or the management, and so may learn much. 
They are also sent out on contracts in charge of 
erections, and thus acquire practical knowledge. 
They also witness teats, and may have to assist at 
them. There are not wanting indications that 
pupilage may become an institution of the past, 
and apprenticeship on a broad basis take its place. 
That is HO now in a few isolated w'orks, and it may 
he ex^xicted to extend. 

International Rivalry. A generation ago 
English engineers were in the proud position of being 
able to ignore the trade rivalry of foreign nations. 
British machinery was in great demand, and British 
engineers and workmen were sent abroad to teach 
the foreigner how to design and build mechanisms. 
That state of things is past, and now many of our 
own shops are equipped extensively with machine 
tools of German and American manufacture. The 
designs and systems also in use in those countries 
have been imitated hero. The impress of American 
design is apparent in many British-made tools for 
turning, planing, grinding, milling, gear cutting, 
and measurement. Very often these tools 
are much bettor, stiffer, stronger than their proto- 
types, but their development has been nevertheless 
clearly duo to Amencan influence. Ten years 
ago the British firms began to wake up, and copy and 
improve; now they enter into rivalry with their 
teachers. It is the same in the lay-out of works, 
and in the altruistic aspect of the provisionB made 
for workmen. The modem types of wq|PB illus- 
trated in this article are an innovationTthe first 
developments of which grew in America. The inter- 
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changeable system also, to which reference has l^n 
frequently made in this course, is of American 
development. But it is .now adopted in hundreds 
of BritiHh and German firms, for Germany, like our- 
selves, has borrowed from America. 

Briefly, the issue now is that the three great 
nianufactiiring nations of the w’orld have arrived 
at a period of intense rivalry. In a lesser degree, 
though only by comparison, the same holds good 
of the engineering products of Belgium, France, 
Italy, and Switzerland. 

The Key to Succees. Under these 
conditions the question of how to maintain a 
good industrial jiosition — the time to talk of 
supremacy is past — becomes one of national im- 
portance. C’learly the solution lies mainly in the 
training of a race of capable engineers and skilful 
and contented artisans. How best to do this is 
answered in different ways. In England and 
America it is done mostly" by a practical training 
in the shops, through indentured or noii-indcntured 
apprenticeship ; and in the case of articled pupils, 
of going through the works. In Germany, technical 
training occupies a large and essential place. 
Military service also is stated to exercise a steadying 
effect, and to engraft habits of obedience and pre- 
cision on the army of labour. The technical training 
is certainly reflected in the designs of many German 
machines in respect of the most economical dis- 
position of materials, though this is sometimes cut 
too finely. Putting it very broadly, the differences 
in English and German design may be stated thus: 
that experience largely controls the first, and 
mathematical calculations the second. The first 
savours distinctly of the shops, the sec»ond of the 
schools. The difference is reflected in the tec*hnical 


Utonitiiro of the two countries. English books 
are mainly practical: wo have no original w^orks 
corresponcling with those of Rouleaux. American 
mechanics are not so hide-hound by the traditions 
of apprenticeship as the English are. The “ one 
man one job*’ idea is not so rampant. Initiative 
is encouraged. Consequently the American has a 
chance if he is prepared to grasp it. His application 
ip more intense, but he does not wear so long. 

Technical Literature. The technical 
literature of engineering is rapidly becoming cosmo 
politan. English journals arc read abroad. They 
take the liighest rank. “ Engineering ” and The 
Engineer ** are very solid, reliable, and representa- 
tive, and are second to none in the world. The 
** Meclianical World ** is mainly a workman’s pa]>er, 
and is very practical. The “ American Machinist ” 
is now known nearly as well over here as in the States. 


Its name exactly expresses its scope. It caters for 
the men in the shops, 
workmen for workmrn. ^ . Tu. 

it clo-vlv “ Power ’’ 

two 3lent “ Cassior's^lkg^me^ 

and the " JCWu-- 

are technically acouirare, lastly written by 
and up-to-date. There axe, of course, other journal 
and magazines, but those are the best, “ The Foun- 
dry ” (American) ia devoted entirely to themou’der’s 
craft. ** Wood Craft *’ treats of various woodw'ork, 
including pattern-making ; this is also American. 
The German journal " Zeitschrift dea Vereine- 
deutsoher Ingenieure*' is the leading one in that 
country. Another excellent one devoted to machine 


tools is the Zeitschrift filr Werkzougmaschinen 
und Werkzeug.” “ Stahl und Eisen ** deals with 
foundry and metallnrgical work. The Revue 
Industrielle ’* is one of the best French journals. 



THE BEST BOOKS ON MECHANICAL ENGINEERING 


Stbam an© Steam Engines. “ Steam,” by 
Ripper (Longmans, OJreen & Co., Liondon. 28. 6d.) ; 
“ Steam Engine Theory and Practice,” by 
Ripper (Longmans. 9s.) ; “ The Marine Steam 

Engine,” by Sennett and Oram (lA)ngmanR. 
218.); “A Manual of Marine Engineering,” 
by Seaton (Charles Griftin & Co. Ltd., London. 
218. net) ; “ Marine Engines and Boilers,” by 

Bauer (Crosby Lockwood & Son, London. 268. 
net) ; “ The Steam Engine,” by Holmes (Longmans. 
6 b.) ; “ Valves, and Valve Gearing,” by Hurst (Griffin. 
IDs. 6d.) ; “ A Manual of the Steam Engine and 
Other Prime Movers,” by Rankine and Donkin 
(Griffin. 12s. 6d.) ; “ Steam and Steam Engines,” 
by Jamieson (Griffin. lOs. 6d.) ; “The Practical 
Engineer' s H and book,” by Hutton ( Lockwood. 18s.); 
“ Text Book on the Steam Engine,” by Goodeve 
(Lockwood. 6s.); ‘‘A Handbook on the Steam 
Engine,” by Haeder and Powles (Lockwood. 7s. 6d. 
net) ; “ The Safe Use of Steam,” by An Engineer 
(Ix)ckwood. 6d.) ; ” The Steam Engine,” by Cot- 
tcrill (E. & F. N. Spon, Ltd., London. 168.) ; 
“ Theory of Heat,” by Clerk-Maxwell (Longmans. 
48. 6d.) ; ” The Indicator,” by Pickworth (Emraott 
& Co., Manchester. IIk. net) ; “ Indicator Practice,” 
by Hemonway (Chapman & Hall, Ltd. Hs. (kl. net) ; 
“ The Indicator,” by Porter (Spon. 9s.) ; ” Slide 
Valve,” by Welch (Spon. 6s.); “Slide Valve,” 
by Halsey (Spon. Gh. Gd, net). 

Steam Boilers. “ Marine Boiler Manage-mcnt 
and Construction,” by Stromeyer (Longmans. 128. 
not) ; Steam Boiler CJonstruction,” by Hutton 
(Lockwood. 18s.); “The Heat Efficiency of 
Steam Boilers,” by Bryan Donkin (Griffin. 258.) ; 
“ Boilers, Marine and Land,” by Traill (Griffin. 
128. 6d.) ; “ Steam Boilers,” by Munro (Griffin. 
48. 6d.) ; “ Steam BoilerK, Their History and 

Development,” by Powles (Archibald Constable 
& Co., Ltd., London, 24 h. net) ; “Water Softening 
and Treatment,” by Booth (Constable. 78. 6d. net) ; 
“ Smoke Prevention,” by Booth and Kershaw 
(Constable. Os. net). 

Gas Engines. “ Gas Engines, and Producer 
Gas Plants,” by Mathot (lAjokwood. 12 h. not) ; 
“ Gas Engines,” by Robinson (Spon. 218, net) ; 
“ Gas, Gasoline, and Oil Engines,” by Hiseox 
(Constable. lOs. 6d. net) ; “ The Gas and 

Oil Engine,” by Oerk (Lemgmans. 158); “Gas, 
Oil. and Air Engines,” by Bryan Donkin 
(Griffin. 25s. net) ; “ Modern Gas and Oil Engines,” 
by Grover (Technical Publishing C.'o., Manchester. 
48. 6d.). 


Fuels. “ Liquid Fuel and its Combustion,” by 
j^Cripstable. 24s.net); “ Producer Gas,” by 
the technical facts oi ’• » “ Gas, Oil, 

of the public are prejudiceu’r^, ‘-.T 
have not both Bides alike. It ^^yiuttaker, London. 

found too much on the observai m u 

onnniift , s . Oil Fuel, by 

(Griffin. 5s. n ^^Petroleum,” by 

&edwood (Griffin. 2 vols.). 

Steam Turbines. “The Marine Steam Tur- 
bine,” W Sothern (Whittaker. 6s. net) ; 

“ Steam Turbine Engineering.” by Stevens and 
Hobart (Whittaker. 218. net); “Steam Tur- 
bines,” by Btodola (Constable. 21s. net) ; 

“ Experimental Researches on the Flow of 
Steam through Nozzles and Orifices,” by Rateau 
(Constable. 48. 6d. net) ; “ The Theory of the 
Steam Turbine,” by Jude (Griffin). 

Automobiles. “ English and American Steam 
Carriages and Traction Engines,” by Fletcher 
(Longmans. 158. net) ; “ Petrol Motors, and Motor 


Cars,” by Hyler White (Longmans. 4 h. fid. net) ; 
“ Motor Vehicles, and Motors,” by Beaumont 
(Constable. 2 vols., 84s.. net) ; “ O’Gorman’s Motor 
Pocket Book,” by O'Gorman (Constable. 7s. fid. net). 

Drawing and Design. “ A Manual of 
Machme Drawing and Design,” by Low and 
Bovis (Longmans. 78. <ki.) ; “ Elements of 

Machine Design/’ by Unwin (T.iongman8. Part I., 
78. fid. ; Part 2, fis.) ; “A Text Book of Engineering 
Drawing and Design,” by Wells (Griffin. 2 vols., 
98.) ; “ Sketches of Engine and Machine Details,” 
by Bentley (Chapman & Hall. 28. 9d.) ; “ Draw- 
ing, and Rough Sketching for Marine Engineers,” 
by Donaldson (Norie & Wilson, Minories, London) ; 
“ Mathematical Instruments,” by Stanley (Spon, 58. ). 

Mechanics. “ The Mechanics of Machinery,” by 
Kennedy (Macmillan & Co., Lt<l., London. Ss. fid.) ; 
“ The Constructor,” by Reuleaux (Engineering Maga- 
zine Office. London. 30s.); “ Applied Mechanics,” by 
Cotterill (Macmillan. 18s.) ; ‘ Applied Mechanics,'* 
by Jamieson (Griffin. Vol. 1, 8 h. Gd. ; Vol. 2, 
128. fid.) ; “ Mechanical Movements,” by Barber 
(SjMjn) ; “ Mechanical Movements, Powers, Devices, 
and Api)liance8,” by Hiseox (Constable. 12s. fid. 
net) ; “ Rope Driving,” by Flather (Chapman & 
Hall. 8s. Gd. net) ; “ Dynamometers, and the 

Measurement of Power,” oy Flather (Chapman & 
Hall. 12 h. fid, net) ; “ A Manual of Machinery and 
Millwork,” by Rankine (Griffin, 12s. fid.); “A 
Manual of Applied Mechanics,” by Rankine (Griffin. 
128. fid.) ; “ Friction and Lost Work,” by Thurston 
(Chapman & Hall. 12s. fid. net) ; “ Kinematics,” 
by Weisbach (Chapman & Hall. 218. net) ; “ Ma- 
chinery of Transmission, and Governors,” by 
Weisbach (Chapman & Hall. 21s. net). 

Materiaib. “ The Materials of Engineering,” by 
Thurston (Chapman & Hall. In three parts, 8s. fid., 
168., 10s. fid. net) ; “ A Text Book of the Materials 
of Construction,” by Thurston (Chapman & Hall. 
218. net). ; “ Strains in Iron Work,” by Adams (Spon. 
68.) ; “ Handy Book for the Calculation of Strains 
in Girders,” by Humber (Spon. 78. fid.) ; “ Stresses 
and Thrusts,’’ by Middleton (Batsford, London. 
58.) ; “ Tlie Strength of Materials and Structures,” 
by Anderson (Longmans. 38. fid.), 

Holsting and Convkitng. “The Mechanical 
Handling of Material,” by Zimmer (Lockwood. 
2,58. net) ; “ Hoisting Matthinery,” by Horner (Loc^k- 
wood. 7 r. fid. net) ; “ Aerial or Wire Rope Tram- 
ways,” by Wallis-Taylor (Lockwood. 7 r. fid.); 
“ The Mechanics of Hoisting Macliinery,” by Weis- 
bach & Herriman (Macmillan. 128. fid. net) ; 
“ Belting,” by Halliday (Spon. 3s. fid.) ; “ Bolt- 
ing,” by Cooper (Spoir. 128, fid. net); “Toothed 
Gearing,” by Oomwell (Chapman & Hall. 6s. fid. 
net) ; ^ Helical Gears,” by Homer (Whittaker. Ss,). 

Railway Engineering. “ British Loc'omotives,” 
by Cooke (Whittaker. 7s. fid.) ; “ Locomotive 

Engine Running and Management,” by Sinclair 
(Chapman & HaU. 8s. fid. net) ; “ Recent Develop- 
ments in Loc‘-omotive Practice,” by Cooke (Whit- 
taker. 28. fid.) ; “ The Working and Management 
of an English Rulway,” by Findlay (Whittaker. 
78. Gd.); “The Midland Railway,” by Williams 
(Bentley. 12s.) ; “ Our Iron Roads,” by Williams 
(Bentley) ; “ The Railways of England,” by Aok- 
worth (Murray. 12s.) ; ‘^Steam I^omotives,” by 
Pendred (Constable, fis.); “Locomotive Engin- 
eering,” by Pettigrew and Ravenshaw (Griffin. 21s.); 
“ Cate(',hisiu of the Locomotive,” by Forney (Srion. 
168. not) ; “ Modern Locomotive Construction,*^ by 
Meyer (Chapman & Hall. 42 b. net) ; “ The Con- 
struction of the Modem Locomotive,” by Hughes 
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(SiK)n. Os.) ; Railway Brakes,” bv Blackall net) ; “ Practieal Iron-founding,” by ^ Horner 

(SiH)ii. 8s. Cd. not); “Railway Construction and (Whittaker. 4s.); “Moulding and Founding.” by 

Maintenance,” by Cole (Spon. 7s. Gd. net) ; “ Rail- Overman (Spon. 8s. Cd. net) ; “ Brass-founding, ’ 

way Track and Track \Vork>” by Trntman (Con- by l^arkin (S}»on. lOs. Od.) ; “ Brass-founding,” 

stable. 1 2s. Od. net); “ Light Railways,” by Cole by Buchanan (Spon. 48. Cd. net); “Casting and 

(driffiin. ICs.) ; “The Inspection of Railway Founding,” by Sharp (S(Km. 2lB.net); “Modern 

Material,” by Bodmer (Whitttaker. f»a.). Milling Machines,” by Horner (Lockwood. 128. Cd. 

BniDCK AND OiKDKR WoRK. “A Practical net); “Modern Machine Shop Tools,” by Van 

Treatise on Bridge Construction,” by Clnxton Fidler Dervoort (Loekw'ood. 218. net); “Tools for 

((Jriflin. SOs.) ; “The Design of Beams,” by Engineers and Woodw'orkers,” by Homer (Lock- 

Atherton (Griffin. Os. net); “Ironwork,” by wood. Cs.net); “Dies: Their Construction and Use,” 

Adams (Spon. First series, Ss. Od ; Second series. by Woodworth (Sampson Low^ 14s.net); “Tool 

Hs.) ; “ (Constructional Steelwork,” by Farnsworth Steel,” by Thallner (Sampson Low\ 10s. (kl. net) ; 

(CouHtable. 10s, Od. net). “Text Book of Mechanical Engineering,” by 

AND Hydraulics. “Hydraulic Power Lineham (Chapman & Hall, 12s.0d.net); ‘ Sere\v 

and Hydraulic Machinery',” by Robinson ((ilriffin. ('utting.” by Reed (Sf)Oii. 2s. Gd. net) ; “ Screw 

.‘14h.) ; “ Pumping Machinery,” by Dnvoy (Griffin. Cutting,” by Martin (Si>on. Is.); “ Punches, Dies, 

218, net) ; “ Hydraulic Machinery,” by Blaine (Spon. and Tools.” by Wofxlworth (Lockwood. IGs. net) ; 

14s.net): “ Hydraulic Motors,” by Bjiirling (Spon. “Questions and Answers from the American 

Os.); “Hydraulics,” by Box (Si>on. 5s. net): Machinist” (American Machinist Press. 5s.); 

“ Pump Construction,” by Bjorling (S|X)n. 5s.) ; “ Hardening. Tempering, Annealing, and Forging of 

“Pumps,” by Bjiirling (Spon. 30 h. net): “Pump Steel,” by Woodworth (Constiible. lOs.) ; “Dies: 

Details,” by Bjorling (S[)on. 7s. (kl.) ; “ Hydraulic* Their Construction and Use for the Modern Working 

Motors and Turbines,” by Boflnier (Whittaker. 1 5.S.) ; of Sheet Metals,” by Woodworth (Constable. 

“ Pumps,” by Colyer (Spon. Part I., 2Ss. ; Part 11., I2s. Od. net) : “ Precision Grinding,” by Durbyshiro 

25s.); ' Centrifugal Pumps, Turbines, etc.,” by (Constable, (is. net). 

limes (Tech. P. Co. 4s. (kl.) ; “Turbines,” by Enuinrkrs’ Rkfkrknck Books. “Engineering 
Wood (('Impman & Hall, lOs. 0d.net); “Hydrnu* Standards Committee s Publications ” (Lockwood, 

lies and Hydraulie Motors,” by Wicsbach (Chapman 31 Reports published. Prices from Is. to 21 k.); 

& Hall. 2ls.). “The Naval Architect’s and Shipbuilder’s Pcx'ket 

MiHCKLLANKors SiiajKCTS. “Lubrication and Book,” by Mackrow (Lockwood. 12 h. (kl. net); 

ladiricants,” by Arehbiitt and Declcy (Griffin); “Aid “Marine Engineer’s Guide,” by Wannan (Lock- 

Book to Engineering Enterprise,” bv Matheson wood. 10s.0d.net): “ The Mechanical Engineer’s 

(Spon. 24s.); “Depreciation,” by Matheson (Spon. P(K*ket Book.” by Kent (Chapman & Hall. 21 h. 

7.S. (kl. net); “Factories and Workshops,” by not): *’ Freiudi Measure.” by Brook (Spon. Is,); 

Thwaito (Spon. Os.); “Wanning Buildings,” by “Steam Boilers,” by Foden (Spon. Tables. 5s.); 

Dye (SfX)n. 10s. net); “ Warming and Veutllnt- “ Steam Boilers.” by Sexton (SiK)n. 5s.); “Whit- 
ing,” by Dye (Spon. 8s. Od. net); “Heating by taker’s Mt^lianical Engineers’ Pocket Book.” I)y 

Hot AVater,” by Jones (Lcxjkwood. Os.); “Hot Bjorling (Whittaker. 3s. (id. net); “Engineers’ 

Water Simply,” by Dye (Spon. 3s. net) ; “ Hiistless l\K*ket liook.” by Molesworth (Spoil. Os.) : “ Heed s 

Coatings. ’ by Wood (C/hapman & Hall. 17s. net) : Kngineer>’ Hand Book *’ (Reed & Co., Ltd.,Siinder- 

“ Pipes and Tubes,” by Bjorling (Whittaker. 3s, lid. laud. 12s. (kl. net) ; “ Key to Ditto” (Reed. (id. 

net) : “ lee Making,” by Bedwood (Spon. 4s. (kl. net) : “ Heed's (Oiide to Board of Trade Examina- 

net); “Marine Propt'llers,” by Barnaby (Spon. tions * (Hoed. lSs.net); “ Reed’s Handbook for 

lOs, Ikl. net) ; “ Workshop Costs,” hy Pearn (Tech. I’xamination of Engine Boom Artificers” (Reed. 4s. 

P. Co. I2s. (id.); “ Befuse Disposal and Poivc r net); Hmi’s Useful Hints to Sea-going En- 

Production,” l;y Goodrich (Constable. 2Ls.net); gineers,” (Reed. 3s. (kl. net); “ Heed’s Marint‘ 

“ Small Dust Destructors,” by Goodrich (Constable. Boiler.^” (Heed. 4 s. lid. net); “The Mcchaiiieal 

4s.); “ Comj)ressed Air,” by Richards (Chapman tV Engineer’s Reference Book,” by Foley (Loc*kw'ood. 

Hall. (is. Od. net); “Steam Heating for Build- ii3 3s. net); “The Engineers Year Book.” by 

mgs,” by Haldw'in (Chapman & Hall. 10s. (kl. Kempe (L(K*kwood. Ks.); “The Mechanical Engin- 

net). eer’s Pocket Book,” by Kinnoar Clark (Lockw'ood. 

Knoinkkus’ Workshoi* Puactk'R. Practical tis.net); "Practical Mechanic's Workshop Com- 

Motal Turning.” by Horner (Lockwood. Os. net) ; panion,” by Temi>leton and Hutton (Lockw’ood. 

“The Works Managers’ Handbook,” by Hutton <is.) ; “A Pocket Book of Marino Engineering 

(Lockwood. 15s.); “ Plating and Boiler Making,” Rules and Tables,” by Seaton^, ' “ 

by Horner (Lwkw'ood, 7s, (kl.) ; “Pattern (Griffin. 8s. Od,): 

^Iaking,” by Horner (Lockwood. 7s. (kl. net): Ktigineering and AlU^ 

“ Elementary Forge Practice,” by Bacon (Chapman Jxmdon. In 10 

it Hall. (is. (id. net) ; “ Machine Shop Companion,” ]mblished) : “ ^ %irticles 

hy Bentley (Chapman & Hall. Is.); “Steel,” (Emmott & 

by Metcalf (Chapman & Hall. 8s. Od. net) ; Engineer Pocket Boot (Tech. P. Co. Annual Ts.\ 

“ Machinery Pattern Making,” by Dingey (Chapman DimoxARiKs. “ A Railway Technical Vocabu^ 
<S: Hall. 88. Od. net); “The American Steel Inry.” by Scrraillier (Whittaker. 7 b. Od.) Lock- 

Worker,” hy Markham (Spon. 10s. Od, net); “The wood’s Dictiouarj' of Mechanical Engineering 

Iron -founder,” by Bolland (Chapman & Hall. Terras ” (Lockwood. 7s. Od. net). 

lOs. Od. net) ; “ American Foundry Practice,” by Technical Dictionaries in Six Lancuacks. 
West (Chapman & Hall. 10s.6d.net); “Moulder's ‘'Machinery.” 5s. net; “Electrical Plant,” 5s. 

Text Book,” by West (Chapman & Hall. 10s. 6d. net (Constable. Others in preparation). 

Mechanical Enoineerino concluded; followed hy Clock and Watch Making 
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TAILORS If he has a workshop on the premises, there should 

I^UCH that we have said with regard to starting in be a broad bench provided from 2Q to 30 in. high 

businessasn clothier [page 1896] applies also to for the men to sit on, a sewing machine with wide 

the tailor, esjieeially with regard to the dnancial table, a stove foi* heating the irons (coal stoves are 

arrangements and the taking of the shop: but on this undoubtedly the cheariest), a selection of irons 

latter point we may note that there is not the same from 10 to 20 lb., sleeve-boards, duplex press 

demand for show windows in a tailoring business that boards, iron stands, howl, etc., etc. 
there is in a clothier’s, though the drift of recent The light must be arranged of suflioient oiiality 
years has been to pay as much attention to the tailor and tpiantity for each worker to see well, and there 

windows as for any other trade. Still, the vast is no doubt that most journeymen tailors prefer 

majority of tailoring establishments do not make the old batswing gas burner to any other form of 

a very large w’indow display, being content to indi- light. This i«4 due mainly to prejudice, and those 

cate their business, and place on view a few leading who have used the electric light prefer il. The 

lines; and after all, window' tickets and rolls of best workshops in London arc provided with electric 

cloth do not convey much idea of the finished gar- light. There must be rails and coat-hangers, stools or 

ment to the average customer- chairs for the machinist and any female workers. 

Capital. The capital required for a tailor to and a few’ other sundries which will suggest them- 
sl^rt business does not differ much from that selves. 

of a clothier, for though he seldom has to keep StocK. Stock should consist of pieces or ends 
su(*h a large stock, yet he has to. pay for a large of such eloths as are in constant demand, ns, 

proportion of the goods ho produces in prompt for instance, a medium quality blue serge, black 

cash in the form of wages. It is often nuicli more vicuna, etc., ten-yard lengths of hairline and neat 

difficult for him to get ready money for his goods ])attcrn tweeds, for which there is a good sale, and 

w'hen they are completed. The terms of credit for the rest a good variety of suit lengths (3 yd. 

allowed by the woollen warehouses are generally double* width), trouser lengths (2J yd. narrow 

of an easier character than the clothing houses, width), coat and vest lengths (2 yd. double-width), 

and in some case very long credit is given. It may, and a few fancy waistcoat lengths (| yd. narrow ), 
however, l)e taken for granted that the man who The cloths purchased in this way should all 
has £200 to £250 may start in business as a tailor be safe patterns, relying upon pattern bunches for 
with every prospect of success if his general ability those louder designs which are waiitc’d only 
h? equal to his cash. occasionally, and w’hich are often very risky. In 

Shop Fitting. The fixtures may be of the addition to a stock of cloth, a fair su)>ply of trimmings 

simplest nature, just plain shelves, with turned bars will be necessary, and niust include Italian cloth 

to act as divisions. The shelves should be about and silesia, two qualities in black, one quality in 

18 to 20 in. apart. A counter not less than 30 in. two or three shades each of grey, brown, drab, etc. ; 

high and about the same width should be arranged linen in black, giey, brown, and whitey brown ; 

of convenient length. canvas in tw'o makes, French and flax, in drab and 

A private room should be provided for trying on, black; interlining for vests — striped silesia or 

and in this there should be mirrors arranged so that sateen in two or three qualities; a good assortment 
noiii.J,^ i’^'d front views of the figure can bo of buttons in coat and vest sizes — twice as many 

the teclinical facts of e?Jbe fittings of this room may bo of the latter as of the former; trouser bultons 

of the public are prejudiced t\UHt. of course, be one or with the name stamped on; buckles; and a good 

have not both sides alike. It is be blocks for saddles, assortrmmt of twist, silk, threads, cottons, etc. 

found too miK*^ <^t\“ervati f'ke case of riding S}ief*ial items of trimming can be obtained to order 

opaqu^.^ nts; a selection .^-ined fashion plates more economically than by stocking quantities. 
h are also very useful here. A cutting table must Side Lines. Many tailors keep an outfitting 
be i>rovided, and this should be of a substantial department, selling sucli articles as braces, tics, 
character, as it will be subjected to a good deal of collars, shirts, studs, umbrellas, rugs, and bags, 

hard wear ; it should be 30 to 36 in. wide, 33 There are plenty of wholesale houses in the neigh- 

to 36 in. high, and if possible 10 ft. 6 in. long. The bourhood of Wc^d Street, London, that supply goods 

light should 1^ sufficient for all practical purposes, of this sort in suitable quantities; and as such goods 

but there is no need for that Dig blaze of light yield a very fair jirotit, they are generally worth 

which characterises the premises of the clothier stocking. It is not necessary to keep a large stOck of 

and draper, and which involves a heavy expense. these, as anything not. in stock can be obtained in a 

WorKahop. The tailor must decide whether he couple of days. On the other hand, if goods of 

will have his garments made up in his own workshop . this description are to be sold at all, they should 

or at the worker’s house ; there is no doubt that be stocked in sufficient variety to meet the require- 

the former plan is the better, if it can be arranged. ments of customers. 
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Front. 11>e rate of jirotit charged must ncxjes- 
sarily vary with the class of trade, for not only has 
Mio question of c-ash and credit to he considered, 
hut also th'‘ probability of the customer returning 
the garment for alterations, l,^,t it be clearly 
understood that the majority of alterations are made 
to ino 2 t customers’ wliims, and are by no means 
caused by the tailor's fault. In calculating the 
cost charge for ; k. d. 

Materials, Siiy . . 7 <» 

Trimmings .. 1 tJ 

Making . . . . II b 

C'ntting .. 10 

III 0 cost price. 

Tor cash trade jkM 25 per 
rent, on retiirns : . . . . 4 0 

17 0 selling price. 

For crc/lil trade add 531 per cent, on returns, 

thus : s. 4l. 

12 net eost 

r» 0 profit 

IS 0 selling price. 

For liigli-f lis,s eredit trade, with )nany alterations, 
etc., add 50 per eent. on returns : 

H. ii. 

12 0 net cost 

12 0 protit 

£l 4 0 selling ]jricc. 

Nr»w. the tailor must not imagine that the 

amount added to the nett eost is all going into his 
])oeket as ]>rotit, for out of it has to be paid the 
cost of alterations, working expenses, rent, cte.. 
In calculating profit it should always be done at 
so much ]>er cent., and should always lx? on the 
returns —that is. the amount receive<i — so that a 
business yielding a protit of 25 j>er rent, would be 
making a gross profit of £25 out of every £1(M> 
taken, and in order to do this the proi)ortion added 
must be one-third. 

Advertising. In advertising a tailoring 
hiisinoss it is necessary to emphasise th<^ fact that 
every effort will be made to carry out the eustomer.s’ 
wishes ; that the talent employed in the <*iittmg 
and fitting-rooms is such as will enable gootls to he 
.‘'Ul>plied that will fit and be stylish ; that the 
materials sol.d are reliable in both dye and quality, 
and that the workmansliip i.s such as will give good 
^tyle and enable the garments to stand the lest of 
wear. 

If it is iiitciidcd to make a s|K'cial lead of any 
department, then prominence shoidd lie given to 
it. and this is easily done by issuing charts of 
fashions, whi« h must, of course, portray the ino.st 
up-to-date styles. Above all it must be borne in 
mind that while printer’s ink is an excellent 
advertising medium, it is nevertheless far inferior 
to the personal recommendation of a ]>leased 
customer, so that it should lie the tailor’s aim at 
all times to send every customer away thoroughly 
j ‘leased and satisfied. 

Judging Cloths. Tnless he is to be very 
much at the mercy of those from whom he buys, the 
tailor must cultivate an independent judgment of 
the merits of cloths. The matter is one on which 
each has his own ideas, even if they be not the right 
ones. But. fortunately, it is well within thecompas> 
of anybmly to assimilate a set of stamkrds that 
will be helpful in nniving at a right imJBstanding. 
It is out of the question here to deal with matters 
of styles, for fashion is constantly changing those. 
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A certain dominating trend of taste remains, 
w'hich varies with Iqcalities and with classes of 
customers rather than with time, and these canons 
can bo learned only by close observation in one’s 
own circumstances." The considerations governing 
one’s opinion of the relative value of goods and of the 
likelihorxl of their giving satisfaction to customers 
arc more universal. It is true that no single test 
is perfectly coiiclu.siv^e ; it is for buyers to take 
one consideration with another and to deliver 

i udginent on the balance of the evidence. They 
lavo to rcmciiilxT also that j)rico is not a fixed 
criterion. Owing partly to different systems of 
manufacture and partl 3 ^ to trade custom, different 
cloths of very different values in wear arc offered 
at approximately the same jwic'C-. 

Weight of Cloth. Weight is a major factor in 
determ'ming a cloth’s value. Other things equal, a 
cloth weighing 22 oz. ))er yd. will co.Ht more than 
anotlier of IS oz. In dealing with plain black and 
blue cloths, and keeping a sharp eye on the qualitj" 
of the patterns compared, it is ])ossiblc to i educe 
comparison to a simple calculation of so imicli 
jier oz. j»cr yd. That jnocess docs not hold 
good absoliitciv where the more complex cloths 
and fabrics of differing material are concerned. 
^'et it must always la* of moment to observe that 
the weights either are or are not in agreement. 
It heeomes a question of ascertaining whether tiu* 
quality is l)ettcr or worse, and the feel, the so-callwl 
“ handle,” will tell juiich. Generally speaking, the 
softer and finer wools arc the most co.stly, the 
harsher and <*oarser the cheaper. The natural 
handle of a wool fabric may be more or less falsified 
by its “ linisb.” Manufacturers give a sharp or a 
soft finish as is required, doing so chiefly hj^ greater 
or less pressing between hot plates. Too smart a 
finish is not usual Iv* desired, and one of the advan- 
tages of luiving goods “ London shrunk ” is that 
unnatural as|>erity is removed at the same 
lime that the cloth is made unshrinkable. It goes 
w'itliout saying that all purchases should be made on 
tlie understanding that tlie cloths are shrnnk fully. 

Analysing Cloth. Touch will tell whether t he 
clotb’.s structure is tirm, and if it I>o flabby th(‘ 
jirobabilitj" is that garments from it will lose their 
Hhuj)e quickly. To go further into the [iroblcm of 
qualit.v it w ill f)C nec essary to attack a raw edge either 
with finger-nails or tw'cczcrs. The luain (-‘oiiqjoncuts 
of the fabric arc then exposed — the warp or length- 
wise threads, and the w'eft or crosswise tlu'cads. 
Holding short lengths of these yams to the light 
and unrolling them under the lingers, one may see 
whether they arc single threads, or tw'ofold, or 
threefold. In most eases “ folded ” yarn is to 1 m‘ 
preferred for hard wear, and in moat cases it is the 
more expensive. 1’he detuchinp. "5 . 
two at right angles to caei^^^’ the engine builders 
the material is close-ss^g w. trea^ popularly in 
obtainable from opti*^®®> _ 

j»er half or whole iiiWFih clthcT dTrecndnr^f*'*^^^® 
counted. It is well to select a fabric with 
threads in Hie warp, and — by means detailed later— 
to see that these threads on which the greater 
strain is put are strong. Having isolated these 
bits of yarn it is possible to examine them further. 
If there is any suspicion that one of the threads is 
cotton, that point can be detdded immodiatelj" by 
use of a flame. Cotton bums, and a flame applied 
to a cotton thread will creep in a bead along its 
length. Wool and silk, being animal products, 
swell and char under heat, and do not convey fire. 

The thread being w’ool, one proceeds to see 
whether it is w'oollen or worsted. Fabrics wholly 



•HOlPKKKPlira 


of the latter arc liable to shiny in wear, 

although their general dur^ibility is excellent. 
If the cloth be woollen its threads will bo found 
matted one to another more closely than in worsted. 
And in unravelling the bit of yam it will be seen 
that in woollen the ultimate fibres lie criss-cross 
and that in worsted they run parallel with each 
other. Woollen yam is the vehicle for carrying 
any shoddy there may be ])re8cnt, but to dis- 
criminate with absolute certainty between long 
shoddy and short wool baffles experts. Inferior 
shoddy is readily detected by the extreme shortness 
of the fibres, which crumble out as the yam is 
unrolled. In a similar fashion they work out and 
create fluff in wear, leaving the garment thinner 
and shabbier. In the best woollens the fibres 
disclosed will be fairly uniform in length, neither 
very long nor very short, and of fine calibre. In 
the best worsted the filaments are very long, and 
by the fineness of their diameter the quality of 
the wool is to bo measured. The eye can discern 
these differences in dimension, although, expressed 
in fractions of an inch, the variation might seem 
infinitesimal. 

Testing Strength. Having compared the 
weight and build and coiufionents of two cloths, it 
falls to examine their strength. The Governments 
use ufiparatiis to record the breaking strain of the 
fabrics they buy, but a rougher test is dependable. 
It emphatically is not the wjiy to test strength to 
seize a raw edge and endeavour to tear it with all 
the might of one’s arms. The doth should be held 
under the two thumbs, which ought to Iw pressed 
together above the clenched fists. A bursting strain 
is applied, for while pressing down with the thumbs 
the fists are edged away from each other to form an 
inverted V beneath. If it is possible to break the 
fabric in this way its strength is inferior. If it is 
possible to stretch or Jiiake the threads slip, the sign 
may not be fatal although it cannot be thought 
advantageous. The force needs to be applied in two 
directions, to test warn as well as weft, and it is 
of high importance that the warp should bear 
such usage well. Otherwise, split trouser knees 
and elbows may he confidently foreseen. For the 
sake either of cheapness or to secure a soft surface, 
weft of no gi-eat resisting jwwer is left to depend 
on a stronger warp in order to give satisfaction to 
file wearer. 

Wearing Qualities. 'J’hese are not the only 
points to consider. Cloths may be examined to 
see whether they will wear through alike or whether 
their utility is over as soon as any j)ortion of the face 
is done. Whenever wool is dear there is an irruption 
of “ backed” cloths with shoddy interiors which give 
nothing but weight and warmth. Apart even from 
the technical facts of cloth structure many mcmlnsrs 
of the public are prejudiced against fabrics which 
have not both sides alike. It is readily possible to 
found too much on the observation that a cloth is 
opaque or reveals some interstices when held 
before a strong light. Density is an occasional 
source of discomfort in summer, although opaque 
fabrics are usually better protection against rain. 
Hygienists are of the belief that clothes, like 
houses, should be ventilated, and it is by no means 
impossible to combine all the textile virtues with 
a modified permeability to air. The fact, therefore, 
that a cloth is porous, like the facts that it is thick 
or thin, soft or hard, needs to be taken in its due 
perspective and not as a final indication by itself. 

Fashion brings into periodical vogue cloths 
with trailing hairs u|>on the surface. The ease 
with which these hairs may be dislodged with the 


fingers indicates fairly plainly how soon they may 
be exi3ected to disapjiear in wear. There are 
frictional tests of exactitude to apply to fabrics 
of a sort scarcely practicable by private firms or 
individuals. However, it will often ho of advan- 
tage to scrub the surface of cloth with a scrap fif 
hard, white writing paper. An objectionable 
habit has grown up among manufacturers of recent 
years of “ grease-dyeing ” black and blue worsteds. 
To save an ounce of wool to the yard, an ounce of 
grease is left in the fabric and this is betrayed by 
an oily smudge upon a piece of clean paiicr. In 
the case of cloth stated to be indigo dyed, and more 
especially if it he called wool-dyed indigo, the 
use of paper is again advisable. No blue colour is so 
permanent as indigo, but it has the inalienable pa jicr 
defect of rubbing off. The more it marks the paper 
or the wearer's linen collar blue the more [)rol)ahle 
is it that it is inc^o, and wool-dyed indigo at that. 

Chemical Tests. To go further into ])ronf 
of the presence either of grease or of indigo leads to a 
little mild chemistry. Hy means of benzene the 
amount of grease in a fabric might be estimated 
accurately with a delicate pair of scales. Testing for 
indigo involves merely the use of a spot of nitric acid. 
Tithe effect of acid on the cloth is to turn the blue to 
lemon-yellow, around which a halo of green subse- 
quently apjjears, the presence of indigo is certain. I f 
me blue turn a deeper yellow with a rim of red, it may 
be concluded that the dye is alizarin and nearly 
but not quite, as reliable as indigo. Further resort 
may be made to chemistry in assessing the value 
and composition of cloths. By boiling a piece 
in a strong solution of caustic soda you dissolve 
all its wool or silk and leave its cotton behind alone. 
Alternatively, by boiling the [wittern in a 10 per 
cent, solution of sulphuric acid in water, and by 
leaving it afterwards to dry in low heat, you char 
away its cotton, leaving only the wool. These tc»sts 
for wool are incaninglesH when applied to sound 
goods, although they ex])ose in the most telling 
way the weakness of adulterated articles. For 
example, after extracting the wool from an “ all 
wool tweed ” at about a shilling the yard you may 
find IK) jxjr cent, of cotton remaining. 

Colour of Cloths. Many other tests, chemical 
and physical, may be applied by men of leisure and of 
training. The retailer has hardly the opportunity to 
expose patterns to twelve months’ rain and sunshine, 
as some manufacturers do, upon hoards hanging 
outside the mill. Yet he has the o]q)ortunity to 
observe that certain colours are especially treach- 
erous. Browns, although they bo dark, are not 
necessarily strong enough for the glare of a shop 
window. Slate shades, light blues, and greens are to 
be mistrusted, because in fading they leave muddy 
neutral hues behind. Care may bo exercised in 
commending these to customers, in exposing those 
that may be in stock, and in buying further supplies. 
On the whole there can he no question that the* 
manufacturers and merchants who feed the private 
tailor with cloths ai*e sincerely wishful to befit 
their goods to the purposes for which they are 
- intended. In using their cloths for other purposes, 
or in departing from the well-known channels of 
supply, the tailor esjjecially needs to make full use 
of his" best judgment. 

TELEPHONE CALL OFFICES 

Tobacconists, stationers, hairdressers, and, indeed, 
many other shopkeepers, can easily arrange — 
assuming that they are in suitable localities — to 
make the telephone a source of revenue. This 
remark applies with special force to Ix>ndon. Any 
shopkeopcT in London may rent from the Post 
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Office or the National Telephone (Company a con- 
nection on what Ih called the mesaagr rafr. 

The subscriber agrees to pay £5 |>cr annum, and 
deposits 30s., which covers tho'cost of 360 calls at 
a jKJiuiy each. Subsequent calls are charged at 
the same rate, but 30s. per annum is the ininimuiii 
amount for message fees. This rate applies to 
exchanges within the t/Oimty of London, and the 
f>enny fee covers communications all over that 
area, as for instance, from a C-entral Hubscril>er 
to a Hampstead or Western subscrilx'r, or from 
a Gerrard to a Putney subst'iiber, and with 
unrestricted intercommunication over both Post 
Office and National systems. There is no charge 
for calls received from other subscribers. 

The Instrument. shopkeo|K*r may 

arrange to have his telephone pla<^ed in such a 
position that his customers may have easy aece-^-i 
to it, and if he can give them some security from 
overhearing, so much the better, A wall jnstrii- 
meiit should be chosen, ns la'ing the least liable to 
faults. The shopkecj»cr should ]irocuro a swing sign 
with the legend, “ voi^ mav telephone from 
HERE,” or “ PUBLIC TELEPHONE,” and have it 
placed over the door of his shoj», and he may 
then proceed to allow tlie public to transact their 
buHiiiess over his instrument, cliarging them any 
fee he may care to 6x. In I^ondon, Ihe usual fee is 
two|X'iice, this l>eing the charge made by tlie Post 
Office and National Couifiany at their own call 
fjffices, and in busy localities it- is found to yield a 
fair margin of profit. It must be remomliered 
that the subscriW takes all responsibility. At the 
<\\chuiigc his calls are metered electrically, and 
(K.^nodical accounts arc rendered to him. 

Penny-iii-the«»lot Instruments. In 
some cases, to avoid keeping accounts against 
the exchange, the call office subscriber rents a coiii- 
collecting 1k)x at 30s. ]>er annum, and into tlii.'- the* 
caller is dircM^te-d by the ojM'rntor to place^a |>eun\ 
on making a call. As tlic‘ teloj»hone adininisiratiou 
collects only for itself, this means that a sepiratc 
charge, say for jujcoss to the instrument, must be 
made. Thin plan does not work so well as the first, 
U*siHes In'ing slower and somewhat coiiij)licated. 

The exchange will, <»n demand, connect CHllei> 
lirougli to exchanges which are outside the (‘ount\ 
of London, but irUhiti the London telephone area 
(which covers over 6(X) scpiure miles), such as Kuliiig. 
Uiclimond, Croydon, Knfield, Ilodhill, iSuttoii, etc., 
but for tliesi* calls the lucssijge rate is two|KTiec. 
At i>ost-offices and National Coiujmny's call 
oflices no distinction is made in charging callers in 
tlie.se cases, the ordinary t wopenny fee still applying. 
'Hie shopkecqwr may — and generally does — follow 
the same practice, thus taking no profit. Such 
(aills should be noted, to avoid iniHunderstandiug 
when the account for calls comes in. 

Exchanges Out of London. At the 

exchanges outside tlie County of I^mdon, already 
referred to, the annual rental is £4. The same 
deposit — namely, of 30s. — must be made, but only 
t)H‘ calls to subscribers on the same exchange arc 
charged at a iienny. All others over the whole 
i..ondoii telephone area arc twcqience. The 
conditions here are not so favouiablc for 
profit, but nowadays every shopkeeiier finds tlie 
t<4ephone indispensable, and even if under these 
(‘ondiiions the profits be meagre, tliere is often gain 
which cannot be shown, in the sbajic of |ieople who 
come in to telephone and remain to purcli^e. 

In the Provmces the rates vary, but are^Rierally 
lowCT, while the usual call office tee is one |ienny for 
local calls. Where the message fee is in existence, 
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any subscriber may set up a call office ; but generally 
sjieaking, as in the case of outer London, there is 
not a large margin for actual profit, and gain is 
looked for in the shajie of additional customers. 

In many cases, both in London and the Provin(;os, 
the National Company arran^ with shopkeepers t-o 
install one of their silence cabinets, with aiitomati<^ 
coin box, paying, in some cases, a .small rental and 
allowing the shopkeejier to receive calls. In this 
case, the main inducement is the added customers 
ex|iected, and 8hopkee|iers who prefer this .system 
apjily to the company and make the best terms 
pos^sible if the company incline to {!onsent. Post 
Office silence cabinets are installed only at post- 
offices. In the case of sub-offices a small annual 
rental and commission on each call is ]iaid to the 
siib-j)OHtmastci‘, 

TOBACCONISTS 

The annual licence to sell tobacco by retail cost-i 
but the modest sum of 5s. 3d. The trade itself, ,as 
often conducted, demands no grout skill or 
ex[>erienco, and it is but nutiiral that many people 
without either should turn to this trade as a means of 
livelihood, or of ekeing out the jirofits of another 
business siudi as that of a hairdresser, grocer, 
newsvendor, confectioner, or jitiblican. The 
publican’s tobacco licence is held for the 
same period as his spirit licence ; when held 
apart from such a licence, that to sell tobaccci 
and snuff is renewable in .Inly each year. It is 
unnecessary, ]^rhaps, to point nut that while th(‘ 
trade is so easy of entrance that even young 
women and widows practise it, this very fsu't 
exposes the beginner to all the more com|K‘titioiL 
ISIorcover, in most towns veiy smart sliops ar(‘ 
now run by companies and firms which have reduced 
the business of retailing, and certainly their window'- 
dressing, to a fine art. 

Starting Business. l^in(‘e some tobar('o 
shops are the smallest of all shops, w hile others ara 
among the most brilliant and imjioHing. there is 
obviously a very wide range of choice. The kinfi 
of shop, however, will de]>end greatly on the 
neighbourhood and the <*lass of customers likely 
to frequent it. (Vistly fancy goods and high- 
prictKl cigars and pipes, which are the most r«'- 
luunorativo portions of a high-class 
stock, would be quito out of place in a sliop whore 
the customers arc likely to belong solely to the 
arltsan class. Having selected his “ pitch,” the 
intending tobacconist will probably low' little tina' 
in studying the advertisements of the trade papers, 
such as “ Tobacco,” or the ‘‘ Tobacco Trade 
Review,” and ho will therein discover the oxlstenco, 
both in Ix)ndon and the provinces, of obliging 
firms who will supply him wdth ” mixed parcels ” 
of goods at almost any figure he cares to name. 
Of proprietary ” goods there is a bew ildering 
variety from which to select ; it w ould l>c well to try to 
learn the tastes of the expended patrons as far as 
))osHible before buying any large stock. 

The Shop. In a tobacconist’s shop the 
window is of primary importance. Most of the 
up-to-date windows are of plate-glass and occupy 
the whole front with the fascia. To facilitate 
dressing, the whole window' fitting is sometimes 
removable, or made to revolve. Plush-covered 
shelving is much used for the attractive display 
of pi|)es, cigar-holders, silver goods, etc. ; and 
mirrors at the back and sides usually assist the effect 
greatly. The beginner will find it worth while to 
pnj' a visit to London or one of the larger towns 
in order to inspect specially the tobacconist’s 
windows and their aiTangements. Very much 
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depends on a bright window display ; the duller 
the neighbourhood the greater the contrast and 
the efieot thereby gained. In dressing the window 
it is well, il possible, to show loose tobacco ; for 
cigars and cigarettes dummy boxes or packets can 
often be used to save the deterioration of stock. 
For the interior of t he shop n few nioe-sixed shelves 
will be useful, and have in the counter some good- 
sized drawers. For storing tobacco a light, well- 
vontilated and dry cellar is desirable, the leaf being 
kept in wooden casks or glazed earthenware jars 
with loose tin lids. In the shop the tobacco most in 
demand may be placed in the counter drawers, which, 
if not of hard wood well planed, should be lined 
with zinc. Cigars require different treatment and a 
higher temperature. If the shop itself is fairly 
well heated they may do on the upper shelves ; 
but at the seaside a proper stock-room, however 
small, will be needed to save them from the destruc- 
tive effects of the salt, hnmid air. Such a room 
should have, if possible, boarded walls, not damp 
and clammy stone ; and artificial ^eat may be 
provided by steam pipes or by a sy^on gas-stove 
consuming its own fumes. Where a room is not 
available a suitable stock-room of small dimensions 
may sometimes be imrtitioned off at the back of 
the shop. 

Treatment of Stock* With cigars the 
great thing for the retailer’s attention is their 
proper “ conditioning ” ; with tobacco, the avoid- 
ance of mildew. Both these depend on proper 
storage. British cigars, of which an ordinary 
stock will comprise perhaps 75 per cent., are seldom 
sent out conditioned *’ by the manufacturers, 
though the wholesaler may complete the process 
before the cigars reach the retailer. To condition 
them, cigars, after leaving the factory, have to be 
subjected for several weeKs to a temperature not 
leas than 00® or more than 80° F. Though the 
outer wrapper Ay seem dry and may crackle 
when preks^ between the fingers, and though the 
ends may be brittle — the signs of a conditioned 
cigar — the “ filler ” inside may still be sappy and 
damp. Even a bad cigar may be improved by 
conditioning. For this process steam heat is the 
best ; to allow the cigar-moisture to evaporate 
under the heat it is well to prise open the lids 
of the cigar boxes a little, or else to bore in the 
boxes a few gimlet holes, taking care, of course, 
not to injure the cigars. The great importers of 
Havana cigars — which everyone knows arc the 
cigars par excellence — keep them in Ix>ndon in a 
constant regular temperature of about 65°. Speak- 
ing of Havanas (spelt Habana in Spanish) it may 
be mentioned that the colour-marks are as follow : 
“ ('Jlaro,” very light, vei^ mild fiavour ; “ (Colorado 
claro,” light and mild ; “ Colorado,” brown 

medium ; “ Colorado rnaduro,” dark brown and 
full flavoiir ; “ Maduro,” dark and very full 

flavour. 

Quality of Cl^ara* But it is said to be a 
mistake to suppose, as many smokers do, that the very 
light cigars are necessarily the mildest. The properly 
matur^ leaf, which smokes milder, is also a little 
darker than the immature leaf, often used for wrappers 
on ooeount of its light colour. When the plant is 
perfectly matured before cutting, the leaf, although 
there are light and dark ehades of it, is generally of 
a rich brown colour, and exports aver that such 
wrappers, when properly worked, will have a sweet 
and mild taste, even the darkest colours. A 
retails samples his cigars by smoking one taken 
from the second layer in a box, and also by running 
a sharp penknife down the centre of another to 
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learn the character of the inner wrapper and the 

filler.” In the smoked cigar the ash is not an 
infallible sign, though a white ash is usually good 
(especially in the cheaper lines), and grey inferior ; 
but whatever the colour there shouul do regular 
burning. The better class of cigars should nave 
a dull, slate-coloured ash, and should crackle 
crisply when gently rolled along the palm of the hand. 

Precautions Against Mildew. With 
regard to tobacco, mould is a great enemy 
to the “ rolls ” and ” cuts,” and any leaf 
that is moist. When tobacco parcels are received 
they should be opened and inspected without 
delay, and if not found satisfactory returned 
promptly to the manufacturer ; if only a little 
neated, turning over and airing may be all that 
is necessary. The amount of moisture in the 
tobacco being strictly fixed by the law, it may be 
presumed right in this respect when received from 
the manufacturer ; and tne retailer’s problem is 
to keep it so, preventing loss to himself by evapora- 
tion and avoiding the opposite error of forbidden 
moisture. Evaporation may be prevented by 
covering all tobacco each night with a double 
thickness of canvas wetted on the upper side, the 
tobacco bein^ turned over with the hands next 
morning ; or if the tobacco gets too dry the outside 
may bo sprayed with pure cold water applied by 
a diffuser such as is used for perfume, but care 
must be taken against overdoing this. Tobacco 
kept in casks should be turned over nnd shaken 
every day or so to prevent its becoming sodden 
at the liottom and generating the heat which 
produces mildew. The same applies to the earthen- 
ware jars. Every ton or twelve days or so empty 
and inspect the^ receptacles, and nolo carefully 
whether any tiny while specks — the fungus of 
mildew — are scattered through the tobacco. Your 
jars should be carefully wqied out with a coarse 
cloth ; and the empty casks — the contents may be 
temporarily placed on a sheet of brown paper in the 
cellar — should be cleansed by a blaze of paper, 
followed by the application of the dry cloth. 
Roll, cake, etc., are less likely to become mildewed, 
olive oil being used in their manufacture ; whore 
any sign is found a little Lucoa oil should be 
applied with a soft brush. Note that the quantity 
of oil, like moisture, is strictly limited by the law. 
Cheap tobaccos, which “go off ” quickly are 
sometimes kept in galvanis^ iron buckets, which 
can be turned out and easily brushed clean every 
morning. Packets of tobacco, now so largely 
sold, should not be stored in a damp place ; usually 
the shelves under the counter will serve for this 
purpose. For “ smalls,” which accumulate in 
weighing up, and so on, keep a special receptacle, 
and from time to time return the contents to the 
manufacturer, who will allow for them. Every 
retailer should endeavour as soon as possible to 
sell his own “ mixtures,” To collate wese is no 
very difficult task, or they may be hod ready •made 
from the manufacturers. 

Pipes and Fancy Goods. In the selection 
of these the tobacconist should aim at showing a 
stock that will be representative and oomprehen^vo 
of whatever his clients are likely to require, remcm- 
l^ring that unsaleable stock, oven though it may 
show a good profit, as these goods often do, is 
capital lying idle. Without going into detail, wo 
cannot do letter than recommend the beginner to 
study the catalogues and lists of special assorted 
parcels that are sent out by various sundriesmen in 
the trade. In these lists will be found full informal 
tion also as to terms and discounts. 


5601 



Sl4e Limes* The 8!d« Ikies «K> 0 Uommotily run 
in connecticm with the tobiboocmist's business are 
walldAg't^ks, niiich often pay very wrfl, especially 
in sea^e or other tourist, towns, newsagejwy, 
habdiesBiDg, stationery, dupery, fancy china, 
leather fj^oodb, etc. It is necessary to bear in mind 
l^t when hwivily plated articles are sold a plate- 
4ealer*s lioemoe may he required For gold above 
1 dwts. and nader 2 or., or silver above 6 dwts. and 
under 30 or., a licence costs £2 ds. Expensive 
sticks and the l)etter class of cigars and cigarette 
oases, etc., may oome under this head ; but it is 
just these hi^-priood goods that, as a rule, return 
the vetailer his highest profit. 

Legal Nolea. Mention has been made of the 
restriotioBS imposed by the law the quantity 
of water and oil permitted in tomicoo. Another 
point to be remembered is that Cavendish,** or 
** Negro-head ’* tphacoo, which has to be manu- 
factured in bond, is sufipiied to the retailer in 
packets bearing the Government idamp, and this 
stamp has nlwavs to be obliterated when the 
packet is sold €hre must he taken, however, not 
to break the packet untU it is sold, as this is not 
permitted by the Excise regtdatioiis. Note that 
the Excise officers have the right to enter and 
inspect the contents of any place licensed for the 
sale of toba(^ and if adulterated tohaoco is found 
on tho premises, or if any tobacco or snuff is wiiully 
concealed, the tobacconist retiders kiroeelf liable to 
a penalty of £200 and forfeiture of the goods. 

TOY MERGHAMllS 

The retailing of toys and games inay be divided 
into two fdasses. in the one case, the stock would 
be made up of comparatively inexpensive artidies, 
and would not cost a great deal to nurehase ; in 
the other, the department would include outdoor 
gMues and expe^ivo indoor apparatus, such as 
Mliard tables, bugstelle boai^, phoiiogra}dis, 
leiiteimH for ea^ging, cameras, and, indeed, all the 
purapbemalia wiiich are requir^ for recreation and 
sport. The first class affords a capital opportunity 
for ladies desirous of stariipg in business; the 
aeooiid would require the superintendenoe of some- 
one with expert luiowlecte of the rules which govern 
t^lf, tennis, cridcpt, football, billiards, and tm rest. 
fSes Sporttng Goods Dealers, page 5343.] Indeed, 
from £SQ(1 to £i00 might ensiiy be sunk in 
this class of 8to<dL, which is listed at prioes carrying 
a range of disuousuto from 15 per oent^ in the ease m 
biHiard tables, to as much as a thkd in the matter 
of tennis rackets, cricket bats, etc. Moreover, this 
side of the businesB reqaafes rafhier large puecniseH, 
or at feast a good shop-feont , and a light, open show- 
room behind. It oonaot be oonductod without a 
moderate amonnt of local advertising, and even if 
the proprietor is in a quite small way; the salary of 
at one assistant would have to be met, tn&ss 
the pr^ietor lives on the premises and is prepared 
to be tiM to the place during busmess hours. Thus, 
asouniiing a SMtki^ games stock of £500 can be 
turned over tnree times in a year, and taking the 
average dfeoount as £5 per oent^ the gross profits 
would be between €350 asid £400, out of which all 
expQoeea, mehiding rant and rates, uvMild have to be 
met befora tife propr i etor began to take his profits. 
It will be seen, then, that a ymuig man with a 
small sum to invest wfil.find in this business an 
opening which will return him a moderate inefxne. 
Of oottraq, a £1,500 ratum Is by no means the limit 
poeaihle, espeei^ly if in time the proprietor can add 
oyofes or spertuig games, or both. ^ 

Our imamdsate oonoem, however, Mpi^ toys," 

in the more generally accepted definition of tim 

* 
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word. This, as has already been pointed out, is a 
business which appeals to women. It oan be 
carried on in comparatively inexpensive preaviaes ; 
a htmdred pounds^ worth m atook goes a feng way 
towards making a brave show, a^ success does 
not depend upon a large population. Thera arc 
children everywhere, and tneiefore oustomera. 

StocK* The stock to fill a shop of good class, 
such as we have in mind, would not cost much more 
than £100. Practically, the whole of it would bo 
purchased at prioes whk^ represent from 25 per cent, 
to 33}- per cent, off the selling price. It would be 
subdivided into a variety of sections, appealing to 
different ages. First, there would be toys to ret^ at 
from Id. to fid., the kind of things that we associate 
with Christmas-trees at year-end parties. Penny 
toys cost from 7s. 6d. to 8s. 8d. per gross ; 
picture-books, 28., 2a. 8d., 48., or us., as they are 
intended to sell at 3d,, 4d., 6d., or Is. respectively. 
Dolls, for which there is a steady sale, carry siiuilar 
profits at from a penny apiece upwards. 

For older hhys and girls every season brings with 
it a fresh batch of games for the table. Outdoor 
sports in miniature, which are not always successful 
copies of tlie original, sell freely at all times, 
including table bo^, croquet, etc. Besides, there 
are old-establi^d favourites for the table, such as 
Halm a. draughts, raw games, Ludo, not to mention 
chess and backgammon. ^ 

CmrdteaifcdC«Hl€ia m — . For all ages tbeie 
arecards, oomprkmg brid^ whist, besique, patieitoe, 
etc., which are sold nn&r a Goveroineu^ stamp, 
and dooens of othera, mcluding anap, happy iamilieK, 
and otlier old-lashioaed games which reima to be 
counted out-of-date. Besides, a number of new oees, 
some of them of American origin, have sold freely 
in recent yeara Most of these are sold in various 
editions, costing fimi fid. to 3s. per pack or rat, 
which prioes also carry a dincounfeof feom a quarter 
to one-third. 

liwchanlcal Toyn. Thera sell like hot cakes, 
and if a group are arranged to run m a window 
during business hours, a crowd is always te be found 
round the retafi€r*8 shop-front. We stepped the 
other day in London before a idiop near Liverpool 
Stre^ Statkm, and counted no fewer than 17 
mteresied youths in front of a window less than 
6ft. wide. The attraction was a small hot-air 
engine, costing 35a, which was driving a email 
coanter-shaft. This in turn drove other shafting 
on brackets (te. ^d. each), varkmdy dnpurad on two 
levehi behind the glass. From these irare driven 
tiny models oi ihiliing maehinos, saws, mnes, 
hammers, and other took and mschmes, the most 
expensive of the lot being only Os. Motor-power 
can be furnished by hot-air eimines at from 58.. 
steam engines at from as few as fid., or from efectric 
motors to retail at from la fid., and supplied with 
current from batteries costing the public nn more 
than Is. each. The variety of meraaniaal toys is 
remarkable, and behind all those which have fae^ 
meatfeoed are trams and rowing stock, operated by 
clockwork, steam, and even the efectric current on 
the threedine plan of the District Eaalway. in this 
department, again, dtscounts nm ordkiarfiyio a 
tiurd. 

mted Birilmgtoys 
leqmiras {Mttfeime Slid a pleasant manner. CfalUrm 
are not attracted by the typical business feoe and 
bearing* They not anraasonaUy and quite unoon- 
■ofentsljr assume that selling t^ is as tatetesting 
as buying them, snd success comes only te those 
leteAm who can win ^ goodwill of the fittfe folk. 
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SixMnce to many a child is a little fortune, and not 
t5 oe spent without first weighing the relative 
merits of many articles. Even parents are difficult 
to please in this matter, with the result that what 
appears to be a simple matter is really one calling 
for no little tact and courteous attention. 

Buying* of course, calls for care, and a due recog- 
nition of local circumstances and the seasons. In 
most big centres there are large warehouses where 
novelties can be seen and stock selected. The chief 
of these are to be found in Houndsditoh, in London. 
A visit to these centres twice a year will afford 
better opportunities of replenishing stock than 
haphazard purchasing from travellers or by post 
from catalogues, in which the descriptions of the 
stock are ordinarily mote artistically adorned 
than accurate. 

UMBRELLA MERCHANTS 

To-day the umbrella or the -walking-stick is a 
necessary portion of every well-dressed man’s 
equipment, and this trade is (consequently an ini- 
}»ortant one. Umbrellas wore first made with long 
handles and ribs of whalebone or cane. The covering 
materia] was either oiled silk or cotton, until ging- 
ham was introduced, to be rc^dacod largely by 
alpaca, patented by William Sangster, in 1848. 
Nowadays the covers are mainly silk, or silk mix- 
tures under various names, but black and green 
gingham covers are yet to be obtained. The “ Para- 
gon” rib, patented by Samuel Fox, in 18.52, 
rcvolutioniscid the industry, for this form of rib is 
now almost universal. It is formed of thin 8tri])s 
of steel rolled into a U, or trough section — a 
form which gives great strength t-o the motnl, 
and which is said to have been suggested by the 
tubular bridge over the Menai Straits. As the years 
go by, umbrellas become more elegant and their 
use incre.sses annually. The brass tul)es once used 
for sticks are now replaced by japanned iron and 
steel, everything for lightness, compactness, and 
elegance being the desideratum. The universality 
of the walking-stick is likewise a feature of modern 
civilisation, so that os a (career for an experienced 
num the retj\iling of these articles affords a promis- 
ing prospect. 

The Practical Part, As in every other 
business, practical ex]>erience is required. Um- 
brella re-covering and repairing is a necessary 
adjunct to every retailer’s business, so that the 
man or woman who wants to siKJCoed must know 
all about the mechanism of an umbrella. Of course, 
(he whole of the umbrella cannot be made by the 
ordinary seller. The sticks are bought ready-made 
and the making of the “furniture,” which includes 
the runner cap, the ferrule, the wheel or top- 
notch, the stretchers, the ribs, the top and ball-tops, 
the collars, the swages, and the bag slide, or cover, 
is in each case a separate trade. It is the “ putting 
together ” of these different {)arts that constitutes 
the experieiice reijuired of an umbrella dealer. It 
is rather extraordinary to contemplate the number 
of trades engaged in the preparation of an um- 
brella. 

Umbrella stiok-making is mainly in the hands of 
a few ]ar|;e London firms, and machinery is much 
u8e(L ^ First comes the preparation of the sticks. 
This is done by men wfio straighten or twist the 
stioks into the shapes required in the manper 
described later on. By far the largest number of 
sticks (for umbrellas, sunshades, or walking-sticks) 
are natural growths, saplings of trees or mimbing 
lants. These are preferred to sticks like ebony, 
oxwood, partridge wood, etc., that ore cut from 


the solid wood. For the latter, steam power is 
much used, for with the aid of band and circular 
saws, planes and rasps, working by machinery, 
sticks of the toughest description can be oonverte<l 
into marketable commodities in a very short time, 
and in wholesale quantities. 

Making the Umbrella* After the stick 
hns been pruned, cut, and straightened it is passed on 
to the mounters. This branch of the trade is again 
subdivided, for there are cutters, finishers, chasers, 
and xiolishors who make and affix the silver or gold 
mountings or add other adornments. Walking- 
sticks, umbrella handles, and parasols are mounted 
not only in gold and silver, but in tortoiseshell, and 
Mexican onyx, agate, jasptT, various m/u'bles, and 
even diamonds, being sometimes employed in this 
branch. Then handles of ivory, or horn (rhinoceros, 
buffalo, stag, seahoi se, ^walrus tusk) arc prepared, 
polished, and fitted. The frames, ferrules, collars, etc., 
are obtained from manufacturers of these articles, 
but men called frame-makers are employed in the 
City warehouses to put the frames together, whiU' 
other workmen known as fitters, add the ferrule 
and other furniture. There are other men who cut 
the segments of silk, silk and alpaca, or othei* 
covering, into the i*equisite 8hai)e for fitting over 
the frames. Experienced cutters earn from 25s. 
to 35 b. per week, while frame. workers and finishers 
get from 20s. to 328. per week, working either by 
time or by the piece. The machining of the shaped 
scigments and “ tipping ” or attaching the covers to 
the frame is usually done by women at their own 
homes. The silk, alpaca, cotton, or whatever it 
may be, is folded in eight thicknesses, which the men 
cut into the eight bulging triangles required for the 
umbrella. These covers and frames are then put 
together in dozens and given out to the homo workers 
who machine the different parts of the cover and 
put them on the frame. The class of umbrella finishtT 
varies with the class of umbrella, the cheapest and 
worst being made by Jewesses in the East End of 
London. The best work in the East End is on para- 
sols, the women being paid at the rate of Is. 3d. 
to is. Od. each parasol, but rates even down to 
Is. per dozen prevail. Some warehouses employ 
women finishers on the premises. They are better 
paid, and “ table hands ” — those who finish and 
trim parasols of the best class for the West End — 
make from lOs. to £2 jxjr week, according to their 
skill. The earnings vary greatly according to the 
season, tlu^ busy seasons l>eing from March to 
May for summer goods and from August to October 
for umfbrellas. 

Walking-BtickB* As mentioned in a previous 
paragraph, the slicks most jxipular are those of 
natural growth. Some, like ash, birch, blackthorn, 
crab (crab-apple), dogwood, elm, furze (whin or 
gorse), holly, hornb^in, maple, mountain ash, 
oak, thistle (really mullein), and whitethorn arc 
indigenous to the United Kingdom, but the greater 
part arc im{)orted from various parts of the world. 
There appears to be scarcely a limit to the material 
that is turned to account for tlie purpose of making 
sticks for umbrellas and walking-sticks, and many 
Continental countries have taken up the cultivation 
of sticks of certain kinds for the sole purpose of 
supplying the walking-stick market. Lar^ numbers 
of ash saplings in which all the roots have been 
directed one -way to form what is known as “ cross- 
heads,” have been grown in Surrey. But the follow- 
ing list of the natural products used for sticks and 
umbrella handles will show tliat we find variety in 
the saplings grown by countries other than our own. 
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Those produots already mftitioned are not inchided 
in this list, which indicates the countries of carigin. 
Acacia (Africa and Australia) 

Bamboo (China and Japan) 

Bakow (Singapore) ' 

Bay-tree (Algeria) 

Beef wood (Cuba) 

Black Tork (West Indies) 

Boxwood (Persia and West Indies) 

Briar (West Indies) 

Carob or Caroubier (Algeria) 

Carolina Reed (China) 

Cedar- wood (North America) 

Cherry (Austria and Himgary) 

Cliestnut, Spanish (France) 

Coffee (West Indies) 

Cork (Spain and Algeria) 

Date Palm (Algeria) 

Ebony (Ceylon and Macassar) 

Euoaly{kus (Algeria) 

Fullers Teazle (France and Germany) 

Gru-gni West Indies) 

Guelder Bose (Balkans) 

Hazel (Continent of Europe) 

I^ncewood (Sotith America) 

Loya cane (Australia) 

Malacca (Siak) 

Medlar (France) 

Midmn (Australia) 

My wl- wood (Australia) 

Myrtle (Algeria) 

Nana cane (Algeria) 

Olive (Almria) 

Orange ^Igeria) 

Orange Black (Algeria) 

Palmyra (India) 

. Partridge cane (China) 

Partrid^-wood (West Indies) 

Penang Lawyer (Penang) 

Pimento (West Indies) 

Pomegranate (Algeria) 

Rajah cane (Borneo) 

Rattan (Eastern countries) 

Snakewood (Persia and Brazil) 

Tonquin cane (China) 

Whangee (Japan) 

Papular Woods* Acacias are much used 
for ladies* umbrellas and for sunshades. Beef- 
wood is a dull, red colour. Two kinds of cherry- 
wood are now popular in the stick trade — the 
scented cherry ami the tiger cherry. Carolina 
reeds are slender bamboo-liko canes. The »Spanish 
chestnut does not come from Spain, nor do Malacca 
canes come from Malacca. The latter are the 
product of a climbing palm found in Siak, on the 
opposite coast of Sumatra ; they are the most 
expensive sticks on the market. Gru-gni sticks are 
saplings of a West Indian palm. Mm^assar ebony 
(flowered) makes very choice sticks, which are cut 
from the solid wood. Loya canes and midgen are 
both Australian palms. The wood of American 
birdseye maple is used as well as the branches fyf 
the British tree. Olive, partridge, pimento, rajah, 
snakewood, and whangee canes are all very popular. 
Snakewood of bright-red colour, with dark transverse 
blotches, makes one of the handsomest sticks 
pmible when pro|)er1y finished and mounted. 
Whangee canes are pliable, usually pale yeDow in 
colour, but there is a variety with black soars which 
is known as black whangee. Walking-sticks t&ouKi 
not be pulled or cut later in the spring than 
February, nor earlier in the kutumn Um October ; 
the best time is early in December or i^he middle 
of February. They should not be stripped of the 
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bark, or “ worked *’ until they are half dry ; mean- 
time, they should be stored in a cool and moderately 
dry place, and roots and spurs 'should be left on 
while drying. When half dried, they are ready for 
trimming, straightening, ae biding, as required. 

Prepairliig the StlcKe* The process of 
straightening crooked sticks or bending straight 
ones, is accomplished by holding them over 
steam, or plunging them into hot, wet sand, 
nntil pliabinty is attained. They are then given 
the mrm desired while hot, and kept in that 
till cold. Straight sticks are usually tied flrmiy 
in bundles, and wound round with a coil of rope 
from end to end, or they are suspended from a beam 
by the knoLend, with a heavy weight hanging from 
the other end. Crooks are usually mads by immers- 
ing in boiling water for from five to ten minutes, 
then bending into ^ requisite shape, and securing 
with a tourniquet until cold. There are varieties of 
liandles ; amo^ them the crutch, the half-crutch, 
the whip, the C-hook, and the shepherd hook. Of 
these, the C-hook is Ihe most popular at the moment 
for either umbrella or walking-stick. After bending, 
the bark is stripped, then tlm knots and knobs are 
trimmed, but considerable skill is required in trim- 
ming knobs. Sticks with the rough bark left on — 
such as elm-— should be trimmed naked raund the 
neck of the knob, and at the bottom, by the ferrule. 
The rough bark should be removed and the trimmeil 
parts lightly gone over with glass-paper. The 
stick is then m^essed with boiled linseed oil, and 
left to dry ; the trimmed parts are afterwards 
polished, and finally given one or two coatings of 
hard spirit or copal varnish. Sticks are stained 
black after they have been glass-papered, and before 
thev arc dressed with oil, by first bnishing them over 
with a hot and strong decoction of logwood and gall 
nuts, nnd when that is dry another brushing is 
applied of vinegar or acetic acid in which a quantity 
of protosulphate of iron, some iron rust, or even 
some rusty nails have been steeped for two or three 
days previously. Dragon*s blood added to the 
varnish gives a brown or mahogany tint, and yellow 
ochre gives a yellow, while iiUL is sometimes used 
for black stain, or drop-black is mixed with the 
varnish. 

The Experience for the Retniler. 

It will thus be seen that there is much to be learned 
before one knows the trade. It is not necessary 
for the seller of umbrellas and sticks to be an adept 
at all the branches of the practical part of the 
business ; but if he can Mt a few years while young 
in a war<^ouse where all the detaus are carried out, 
so much the better. There is no regular apprentice- 
ship to the trade, but it is abeolutSy essential that 
he should be taught all the detafls of the oonsbmotkm 
of an umbrella — ^the putting to^etlMr of the parts — 
m order that he may know now to repair. This 
experience may be acquked in a good-going business 
wi^ a renair^ connection, am many successful 
umbrella dealers have had no other experieiide. A 
good all-round knowledge of the busmess enables a 
man with a shop of his own to cope with the opposi- 
tion of the street-sellers, tUp drapers, the hatters, 
the hosiers, and the tobacconists, who of late years 
have made stick and umbrella-s^lkig important 
side lines. The umbrellas sold in ^e streets are 
usually made with the oovm taken from old 
umbrellas, which the makers of these cheap oom- 
modities ikiy up second-hand from the shops. The 
big dr a p ery businesses cut the priM of umbrellas 
considerably, often numing a cheap line of umhrsUas 
as a draw, ai^ getting a profit of about sixpence or 
nmepenoe on etm. But if the umbrella ^ler is 
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able to do hiB own inaniifacturing, he need fear no 
opposition from anyone, provided he has learned 
how and where to buy to the best advantage. 

Capital and Start. In order to make a 
creditable start in a small shop in a middle-class 
neighbourhood, a capital of about £200 is required. 
The shop need not be large — the smaller the oetter 
at first — and the fittings should not cost more than 
about £25. All that is necessary in the way of 
fittings is a row or two of wooden fittings specially 
made to hold umbrellas and sticks upright, a 
circulai* umbrella-stand or two to place here and 
there about the shop, and some window fittings. 
If a second-hand glass wall -case can be purchased 
cheaply, well and good, and a few drawers are 
advisable for keeping the better class goods from 
becoming soiled. A coimter may or may not be an 
advantage, but if a counter with drawers behind 
can be secured, so much the better. For the 
work-room behind the shop a rough bench, a vice, 
and a few tools may be obtained at a cost of a few 
pounds, and a machine for stitching the covers 
is necessary for the repairer, and particularly if 
manufacturing is contemplated. The beat time 
<o start is at the beginning of summer, for more 
umbrellas arc sold in the summer than in winter, 
January and February being the slackest months. 

Tbe First Stock. With the sum named in 
the bank and good references, the beginner would 
go, or send, to one of the large umbrella warehouses 
in London, or other centre, and select an opening 
stock of manufactured goods. Ho would order 
at least six dozen of ladiea and six dozen of gentle- 
men’s umbrellas ready-made, and the sefectioii 
would have to bo done very carefully. The exi- 
gencies of the neighbourhood in which the new 
business was started would have to bo provided 
for as well as foresight could determine. If the 
vicinity were mainly a resort for ladies, then a 
greater (juantity of ladies* goods, with a few 
parasols, i^erhaps, would be ordered and fewer 
gentlemen’s umbrellas. If the shop happened to 
bo situated in a business neighbourhood mainly 
occupied by men, then the reverse condition 
would apply. Then the kind of neighbourhood 
has to be considered ; the smart umbrella for the 
smart- sot, the useful and unornamental variety for 
the ordinary middle-class business man, and the 
cheaper variety for the workman and his wife. 
There are many things to be taken into considera- 
tion in order to make a representative and 
appropriate show; but the judgment of the buyer 
must be the guide. In selecting the twelve dozen 
umbrellas, the shapes of the handles, the quality 
of the covers, and all such details, must be gauged 
to the best of the experienced man’s ability. 
Assuming a normal class of customers of about 
an equal numb^ of male and female residents the 
be^ner would order one dozen gents’ umbrellas 
and one dozen ladies* to sell at 38. 6d. each (cost 
about 2s. each) ; like quantities to sell at 48. Od. 
each (cost about 28. 9d.) ; at 6s. Od. (about 4s. Od.) ; 
at 8s. 6d. (about 6 b.) ; at 10s. 6d. (about 7s. 6d.) : 
and at 12s. 6d. (cost about 9s. each). Tliis pur- 
chase would take about £40, but he would get a 
decent discount for cash, and ha would next turn 
his attention to walking-sticks. Much care 
would have to be takei^ in the selection of this 
stock and three or four gross of sticks would be 
needed to make anything like a show. The retail 
profit <m walking-stiokB is small, a shilling stick 
often coating 9d. or OJd. At least £50 would be 
expended on an ordinaj*y stock of walking-sticks. 


Making and Repairing Items. After 
visiting the umbrella and walking-stick merchants 
he would think about the repairing department. 
So he would proceed to the warehouses wnorc they 
make a speciality of umbrella covers and he would 
buy the silk, and other mixtures, either in the 
piece, or in ready-made covers. Umbrella silk 
is made largely at Lyons and Crefeld, but much of 
it is so loaded in dyeing that it cuts at the folds. 
Textures of pure silk, or of silk and alpaca mixed, 
have bettor wear-resiatin^f properties. There arc 
many combinations of silk and other materials 
used for covers, and the range in prices of ready- 
made covers, for instance, is considerable. Then 
there are seven different grades in covers, 20, 21 J, 
22, 23, 26, 26 and 27 J, according to the size of the 
umbrella. Thus, prices for a representative 
selection may range from lOd. to Ba.* 3d, for the 
smallest size cover according as the material 
desired is taffeta, gloria, levantino, satin -de-Chenc, 
dagmar, gingham, bord, twill, or glac6. In like 
manner for tne coverings in the piece one may pay 
from Is. to 58. 6d. or more per yard, according 
to the quality. Therefore, not more than £20 
would be s})ont on covers ; £10 on umbrella sticks 
of different lengths and varieties, and £5 on ribs — 
Fox’s are the best. Ferrules cost Os. (kl. jier 
gross ; caps, 4 b. Od. per gross ; runners, 12s. 
gross ; and notches, 6s. (Yd. j^r gross. These are 
all, of course, in different sizes, and a selected 
assortment of each is required. Elastic bands 
cost from Ss. 6d. to 7s. 6d. per gross ; rubber rings, 
3 b. 6d. to 5s. Od. per gross ; and tassels, from 10s, to 
408. |)cr gross. Heels of cotton and needles for 
machining must not be overlooked. The parasol 
business is mainly in the hands of the drajxsr, but 
covers for parasols may bo obtained as required 
from wholesale houses. 

Display and Reward. A clean, bright 
shop, with the stock tastefully arranged, and giving 
the appearance that there is plenty more, are sure 
attractions. Umbrella dealers arc not so enter- 
prising as they might be in window displays. A 
fashionably dressed lady (in wax) with a smart 
parasol and a number of otlier o]ien parasols placed 
negligently around sliould make an attractive 
summer window, while a male figure with an oj»en 
umbrella and imitation rain or snow falling upon 
it from the coiling would draw the crowd. Price- 
tickets marked in plain figures affixed to the 
umbrellas and walking-sticks in the window aiti 
always desirable; while a few artistic show-cards 
with legends such as “ Repairing by skilled work- 
men,” ^Walking-sticks of all descriptions,” “Sun- 
shades of all hues,” “Prepare for a Rainy Day,” 
induce the attention of the passer-by. Repairing 
is a profitable part of the business. The usual 
charge for re-covering is 28. Od. for a lady’s umbrella, 
and 3s. Od. for a gentleman’s, while the little 
things like broken ribs, fastening on ferrules and 
HO forth repay the skilled workman handsomely. 
The beginner would do all these odd jobs himself, 
of course, but he would require a female helper for 
the stitching on of covers and so forth. Ex- 
perienced women can be had for from 15s. to 268. 
per week, provided the young umbrella dealer 
has no wife or sister to help him. The profit on the 
total turnover must not average lees than 30 per 
cent., and it must not be forgotten that umbrellas 
are not bought every day. The trade is a slow one, 
and the most careful attention should be paid to 
repairing and re-oovering, and the manufacturing 
department should be attempted when possible. 


CenUinued 
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and decrease the proportion of Comish stone, 
making a softer and more elastic glaze. The 
appoximate proportions of those are as follow : 

ffXt — 

26 

22 

Stone . , as 

Whitingr 
i;hlna clay 


To Mill^ 
OloKe frit 
Carb. lead 
Stone 

Wliltln»c .. 
China clay 


100 

The gloat oven is fired 
in exactly the same way 
os for earthenware. 

Parian Ware. 
Parian is another form 
of translucent pottery 
which was produticd in 
the first instance in bis- 
cuit state for the manu- 
facture of statuary, and 
named from its ^similarity 
Parian marble. 
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88. METHOD OF SXJP- 
POBTINQ OLAY VASB 
DUBINO FIRING 


in appearance to 
When glaz^ it resembles china 
to a certain extent, but is of a much deeper cream 
tint. The body consists of felspar and china 
clay to which in some 
cases a small quantity of 
glass or frit is added to 
give an additional vi- 
Iresconco and brilliancy 
to the biscuit. 

The felspar is gener- 
ally calcined at a low 
heat before grinding ; 
it becomes extremely 
friable after calcination, 
and is consequently 
more easily ground. The body, which is 
prepared in the manner already described, 
is mixed in the approxhnate moportions of 
felspar, 63; china clay, 36; and ball clay, 1. 

The Cause of 
the Translucency. 

Tlxe translucency is duo 
tD the fusing of the 
felspar, the b^y keep- 
ing its shape on ac- 
count of the refractory 
nature of the china ^ 
clay. The articles made 
from this body are 
almost invariably cast. 


way. As the contrac- 
tion of the body is 
very great, large pieces 
such as iigi]^ and 
large ornaments are 
supported during the 



better and denser surface being obtained by 
buiying the piece in fine sand for the second 
fire. The heat necessary to vitrify the body 
depends to a great ex- 
tent upon the jfusibility 
of the felspar employed ; 
usually good potash fel- 
spar 18 used, containing, 
about 15 per cent, of 


easier parts of an ordin- 
ary earthenware biscuit 
oven. 

PAte - Bur • P4te. 

The translucency of the 
body, and the brilliant 
•“colours which can l)c 
obtained by introducing 
-metallic oxides into the 
clay, afford unique oppor- 
tunities for clay decora- 
tion. One of the most 
important decorations of 
modem times in which advantage is taken of 
those qualities is known os “ Pate-sur-pate ” [84]. 
The ornament in white is, by a combination of 
painting and modelling, raised to various degrees 

of relief upon a 
coloured ground. 
The design is drawn 
in white slip directly 
on the dried clay 
piece. The dry clay 
readily absorbs tlie 
water from the slip, 
which is applied 
layer upon layer un- 
til the desired thick- 
ness is obtained. 
After biscuit firing the deep colour of the ground 
appears through the translucent white Inxly 
to more or loss pronounced degree according to 
the thickness of the ornament, the relief giving 
various effects from tin? 
thinnest film, which ap- 
pears as a mere cloud 
upon the back 
to an almost 
white in the 
modelled parts. 

The Parian body is 
glazed with a rich lead 
glaze of the following ap- 
proximate composition : 


8 



FIRECLAY CRANKS 
STTPPORTING FLATBS IN 
GLOST OVEN 



eryi 

ilch ^ 

84. FLAQtJH IN FAtB-SUB-FATB rm i • i- i 

Tile glaze is applied, 

biscuit fir© after the maimer already described and fired in the manner already described undor 
for china. In some cases in which the biscuit China, and the on-glazo decorations arc to a great 
finish is required the pieces are fired twice, a extent the same. 

Coniintied 
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THE SHIPYARD DRAWING OFFICE 

The Drawing of a Set of Lines. Preparation of the Model. Opera- 
tion of Laying ofL Working Drawings. The Ordering of Material 


By Dr. J. BRUHN 


IN every iihipyard there is department oa&ed the 
* drawing omc^, where all the plana according to 
which the ahip is to be built are prepared. Drawings 
are necessary not only to guide the wotdcmen in the 
construction of the vessel, but they are also required, 
among other things, for the ordering erf material 
from the steel-rollmg mills, which must be done 
some time prior to beginning operations in the 
shipyard In the preparation of tnese plans it is 
necessary that the exact feR-m erf the veiwi shofoki 
be known. The most direct way of reptesentii^ 
the form is by means of a moefel, imioh is a replica 
of the ship on a small scale. Such a model m 
usually made, in the first instance, in order that 
the owner may realise and approve the form 
proposed bv the shipbuilder, but this partiesnlar one 
is, more or less, only for appearance and general guid- 
Mice. A real working model is, however, essential 
for each ship. As the two sides of a ship are 
alike, it is necessary to make only a model of 
one half, or one side of the ship, as shown in 27. 
It is usually made on a scale of a ^ in. equal to 1 ft. 
Several deal boards, ^ in. in t kie faww, are fastened 
together to form a block ot wocnI, and out of this 
the model^maker shapes the form of ^ i^ip in such 
a way that the ulanea of the deal boards are 
horizontal or parallel 
to the keel of the 
vessel. !F1gure 
represents the for* 
ward p^t of a model, 
which is supposed to 
have been cot off from 
the remainder, to show 
the board construe* 
tion. Instead of re- 
presenting the form 

by means of a model, it is usually more convenient 
to do this by drawings, but the curved and unsymmet- 
rioal shape of the surface of a ship cannot be esnelly 
represented on pap^, like the plam reotaqpilar 
surfaces of, say, a building on land 
The Form of a Ship* The methodadoptod 
to indicato the form of a ship by means of a 
drawing is the usual one resortea to for irr^ukurly 
shaped forms — that, namely, of showing the Mer* 
sections of a series of parallel planes with ^ 
sorfaoe to bo represented ^totly speaking, 
any set of planes mi|^t be sefeoted for tnis pur- 
pose, but it is convenient to choose one of the 
sets symmetrical with rqgwd to the priao^pal 
dimensions of the ahipw The intersection between a 
horizontal plane and the surliwe of a ship is oidled 
a iMtferrftne, as it wfil indicate the form of a line at 
which the vessel might float, er might be imas 


ftignt 

to float, in water. It will be aeen'that the planes 
of the deal boards of which the models are made 
represent water*llne plmes. The thkknesses irf the 
boards correspond to the distances b etw een the 
watM*lines. If the model be taken to pieces, we 
obtain a complete series of sueh water-lili| eeotkms, 
and if one of them is taken and laid ^vpapsr, ns 
indicated by 29, it is an easy matter to dMW a liiie 
round it, which will then represent that particular 
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wat6r*lme. Other lines might be drawn in the 
same way, care being ta|en to see that they are in 
proper z^tive positions to each other. All the 
lines representing the intersections between the 
water*plAnee sad the middle*linc piano, or the 
vertical longitudiiial plane dividing the ship into two 
halves, should oomoide, as should also the line 
reptesenting the intersections with a vertical trans* 
verse plane. A system of lines may thus bo 
obtained which represents the exact form of tbo 
vessel Id the particular horizontal planes, and if 
the space between the lines is sufficiently small, 
then the surface ol the ship will, for practioai 
pmrpoees, be determined enturely by those lines. 

Linen of a Ship. The method of obtaming 
the form of a ship by first carving it out 
in wood, and then transfening it to paper, is 
the most direct one, and is the ideal one to 
the experienced man who has a keen perception 
of form, and is able to produce readily the ino^l of 
the ship that wil! satisfy all the required conditions. 
The us^ meihod,^ hewrever, is the reverse of this — 
nams^y first to arrive at a paper representation of 
theiom, ai^ then transfer it to the solid by cutting 
the model in accordance with the drawing. Oh 
paper, the form of a ship is represented by a set of 
three views of the vessel, or, more 
correctly, by the intersection between 
certain sets of parallel 
planes and the sui'face 
of the ship. The 
three views are called 
the Notify pian, the 
elemfftm, and the half- 
breadth pfon. Together 
they constitute what 
is called the line draw’ 
or simply the lines of the ship If we imagine 
surface of the ahip intersected by parallel 
wa9ft4ine planes, then th^ in- 
appwr as straight lines, if Ihe 
shin is viewnd wadmim or sideways, but they 
wiu appear as ca rv ed lines if the vessel is looked 
down upon from nbcpve. In other words, the form 
of these int e Ksee t kma will be detennihed entirely 
by their proiecttoiM oa a common horizontal i^ane. 
Sunk a set of pcufectcd horizontal eurves is shown 
in SI. They oonalifeate the waterdines, and the 
pfam containing ^eai is called the half-breadth 
ftan, because it is always drawn for one side of the 
vessel only. Timm carves are clearly the eame as 
those produced by laying the horizontal model 
sections on paw and drawing a line round them, 
as deaorffied above. Other curves besides those 
ahsoluh^ boHnnikii may be projected on a hori- 
sontal pnine, such as the outlines of the various 
decks. The surface of the ship may also be 
imagined intereccted by a set of vortical phnes 
panmel to the middlodine plane. The interseotions 
thus produced will appear as straight lines kt tim 
end and downward views of the vessel, but as curves 
m the side view. Their forms wffl thersfora be 
fully represented by protetkms on a vertioal 
plane. The elevation dMWmg [86] shows such 
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a set of i^ojections, together with 
the deck-lm^. 


the projections of 


' CroM Sections* Again, we may imagine the vessers 

f Jw.I ' o surface cut by a series of parallel vertical planes now at right 
limli angles to the middle-line plane* The intersections thus pro- 

Umk • duced will be the cross sections of the vessel, and will appear 

Wm I ' in straight lines^ in the sid^and horizontal views, but os 

Wtl, curves in the end-on view. They are, therefore, represented 

I i their projections on a vertical plane at right angles to the 

m 'l > L middle-line piano. Figure 82 shows such a set of curves, and 

jrT jlB the plane containing them is called the body plan of the vessel. 

I / i Besides the vertical cross sections, it also — like those of the 

p /; j other views — contains projections of the deck-lines. If it is 

I /* : simply a question of obtaining a representation, or of keeping 

I ! a record of the form of the vessel, then the body {dan is the 

1 5 most convenient for the purpase. The curves it contains 

” are Smaller and more easily drawn, and are produced by 

: more clearly defined intersections than those of the half-breadth 

! and elevation plans. Figure 82 shows the body plan on the 

: same scale as the elevation and half-breadth plans, and 88 

I shows the some body plan on a larger scale, llie cross-sections 

U represent the form to which a frame has to be bent, and theit 

numbers correspond to the numbers of the frame from the 
j after end, No. 0 frame being at the Btem{>oBt of the vessel. 

; The sections of the fore-body, or the forward half of the vessel, 
j ^ are usually arranged to the right of the middle line, and those 

; 3 of fk© after-body, or the after half of the vessel, to the left. 

;■ ^ The largest section is usually at or near amidships, and is 

g therefore called the midship section. Very often a oonsider- 
I S able part of the middle body of the vessel is of a prismatic 

; 3 form, so that several cross sections may be identical and 

‘ ; g appear as one in the body plan, as, for instance, those from 

‘ ; • No. 40 to No. 60 in 88. 

! c; S| Form of Midship Soction* The form of the mid- 

* g ship section is very important, and its character becomes prac- 

; . tioally a key to the form of the ship. It is determined by 

: g the rise of the floor, the round of bilge, and the tumble-home of 

^ J a vessel. The line KL in 88 represents the middle line of 

j the vessel, and AA is the base line. Most ships have some 

_ parts of the bottom entirely flat, from reasons of convenience 

j J rather than necessity. They are not usually horizontal, but 

. J • , the two sides of the bottom form planes rising at an angle from 

^ ' j the keel to the bilges, which are the more or less clearly defined, 

^ • rounded, immers^ comers of the vessel. The vertical tangents 

I \( 5 j to the midship section at the {>oint8 A are usually drawn on a 

\ \ ; body plan. If tangents are also drawn at the point K, then 

TT T y they will indicate the rise of the bottom, and the height AB 

;\ ] j of their intersection with the tangents at A above the base is 

1 \ V \ * called the rise of the floor. This quantity is now vei*y small in 

IW V ^ sea-goi^ steamers, and the bottom may even bo quite flat. 

more or less of a circular form, and the larger the 
1 \kAi\ radius of curvature, the bolder the bilge. In vessels \mere it 

RViVWI “ desirable to obtain the maximum of displacement, the 

1 \ ‘ bilges are made 

lASuuiL very sharp^ or ; 

I ^ nearly square. * 

Above the water 
^ ^ 1 -: the side of a vessel 

U 1 I usually falls in a 

« '&p | . little from the ver- 

— ! tiool tangent. The 

* amount by whicb 
it does so is called the tumble 
hornet and it may be’measuied 

^ either at the deck or at the rail 
S height, as atC [88]. On the other 
i hand, if a sootion is broader at 

g ^e top than at the bottom, it is 
said to have Metre, a term that is 
S more particularly applied to the 
, sections near the fore end of a 
S ship. The waier-lmes are usually 
numbered according to their 
height In feet above the base line. 88. BODY fUn ON LABGEB 80ALB THAN 32 
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Sometimes the sections shown in body plan are com- 
pleted by drawing in the sections of the deck, or th* 
lines of the beams, as well as those of the frames. 
A cross section of the deck is, however, of a com- 
paratively simple nature. For drainage purposes, 
the deck is higher at the centre than at the side 
of the vessel. The usual elevation at the centre 
of the npi>er deck above the side is about J in. 
to every foot of the breadth of the ship, and 
the beam is bent in the form of a very flat arc 
of a circle or a parabola, the ends of which arc 
at the sides of the vessel, and the crown at the 
middle. These lines are not shown in 82 and 88, as 
they would, owing to their closeness, make the 
representation very indistinct. , 

delation. Figure 80, showing the elevation, 
gives the profile form of the stem and sternpost. 
In the case 8ho>^m the line of the keel is hori- 
zontal or at right angles to the sections num- 
bered 0 to 96. In some vessels, particularly 
in yachts, it may not be horizontal, but may 
rise towards the fore end of the vessel. It will 
be observed that the line of the deck is not hori- 
zontal, but rises both forward and aft. The lowest 
point is usually at, or a little abaft, amidships. The 
j’ise of the ends, above this point is called the sheer of 
the dw^k-line. It is, as a rule, about twice as groat 
forward as aft, and it is given to a vessel with a view 
to elevating the extremities, and thereby to keep 
them further out of reach of breaking seas. It tends 
also to give a graceful appearance to the structure. 
Seen in profile, the lines of the various decks and of 
the rail are more or less parallel. The intersections 
between the surfaces of the ship and the vertical 
planes parallel to the middlo-lino planes are called 
how-lines in the fore-body, and buttock-lines in the 
nfter-body. They are numbered according to their 
tiislance in feet from the middle-line jjlane, and are 
shown in 80. They are not, however, of much 
diiwt use, lieyond indicating the characteristics of 
tlio form of the ship. The part of the after end of 
the structure, projecting over and thus prott'cting the 
rudder, sternpost and propeller, is called the counter, 
'J"he form of the vessel shows, in most instances, an 
abrupt change here at a line designated the knuckle. 

Water-lines. The half-breadth plan [811 
simply shows the water-lines, already described, 
and the nlan view of the dock-lines. "J^ho for- 
ward wedge-shaped part of the water-line is 
called the entrance of the ship, and the closing 
in at the after end the run. The deck-lino shown 
in the elevation plan is the line of the deck at 
the side of the vessel. Sometimes the line of the 
dock at the centre of the ship is also shown. It 
is nearly parallel to the deck at the side, being at a 
distance above it eoual to the round-up of the beam, 
explained previously. This line is, for the sake of' 
clearness, not shown in 80. Strictly speaking, either 
the body plan, half- breadth plan, or elevation, would 
lie sufficient to determine completely the form of the 
vessel if a suffloient number of sections were used, 
as any two of them can be produced from the third. 

Tt will, for instance, lio seen that the breadth of 
any water-line plane at each cross section can he 
obtained from the body plan; or, on the other 
hand, the breadth of a cross-section at the various 
water-lines can be obtained ^om the half- breadth 
plan. It is, however, more convenient to use the 
three representations, as fewer sections are then 
necessary to determine the shape v^h the same 
degr^ of accuracy. The exact shapep^resented by 
the lines of a ship is not usually the extreme outside 
surface of the yesnel (which is more or less irregular, 
owing to the overlapping of the shell plates), but is 
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nil imaginiiry surface formed by the outside edges 
iif the frames. If a point is desired on the real 
outside surface of the shell, the thickness of the 
I elating has to be allowed for. 

Drawing a Set of Lines. It is 
essential that the intending naval architect should 
become familiar with the methods of drawing the 
unsymmetrical curves which are characteristic for 
ship forms, and which appear more or less in all 
sketches for the building oi)erations. These lines 
arc drawn by means of battens or curves. A set 
of the former is kept in every ship-drawing office. 
They consist of smoothly- planed lancewood splines, 
varying in lengths from 15 in. to 60 in. 'l’ho3^ are 
of a rectangular section, but of varying thicknesses. 
Some are parallel, and some are taj>ered to- 
wards one or towards both ends. Any curve of 
an unsymmetrical character is usually determined 
by some points of it being given, ancl the curve is 
then drawn to pass through these. It will be 
clear that, strictly speaking, many curves might 
be drawn through nny given number of points, 

as A, B, and C in 
84, When mo^ 
points of the eun^e 
are given, then less 
variation is possible 
Ijetween the curves 

84. DEAWINO CURVES drawn 

through them — that 
is, two curves of a very different character may 
l>e drawn through the points A, B, and C, an 
shown in 84; hut if it is known that the curve 
in question must also pass through the iKJints B 
and E, then there is very much less scope for 
variation, and by choosing the points close 
enough, the curve may l>o defined with any rccpiircd 
degree of aceurary. Comparatively few points, 
however, are needed to determine' ships’ curves 
with sufficient exactness, because theii* general 
cluirocter is known. They must always be what 
is calle(^tttV— that is they can have no abrupt 
kinks. The curvattire must change gradually 
from iK)int to jioint. If a batten is bent, and 
made to pass through the points A, B, and O [841, 
but otherwise left tree, its curvature wilt Ixi of a 
gradual character such as is required in most ship 
cmrves, and the chances are that it will pass througli, 
or near to, points D and E, which must also be on 
the required curve. 

Approximation Method. lf» however, it 
should not pass exactly through these points, it may, 
with a little force, he made to do so, and a line can 
then be drawn along it which will represent the re- 
quired emve with a degree of accuracy which is 
usually sufficient for all practical purposes. Let it be 
required to draw one of the water-lines shown in 
81. The base line is then first laid down, the vertical 
lines representing the various sections ore drawn, 
and the known naif- breadths of the water- planes 
are set off from the centre line. A series d points 
on the required curve is then known. A batten is 
laid on the paper with its outside edge passing 
through the various points, where it is held by 
the pressure of lead weights of a suitable form, 
and a line can be drawn in. As little force as 
possible should be used in adjusting the batten 
to pass through the points; but, on the other hand, 
the spline must be cd reasonable stiffness, beeanse, 
if it is too thin, it will clearly not spring so fair ** 
as desirable between the fixed points. ‘ Wharp a 
curve is flat, as the water-lines [M] are near amid- 
shi^ the batten can be thicker without requiring 
undue force to make it pass through the points. 




Where l^e ourvatitre is greater, as towards the 
ends of the water-Hnes, it nmst be thiimer, or the 
pressTtre of the lead weig^ wduM not be eufficient 
to hold ft in pontion. Thse » the reaeo» why most 
of the battens are tapered towards at least (me 
of the ends. This methxxf of drawmg ships* curves 
is particularly applicable where the curves are 
long; as in the case of those shown on the half- 
breadth and elervatum plans. 

Drawtas ^'Curwea.** The other method 
of prot^oing the curves when a number of its 
poi^ are given, is by means of moulds, or “ curves,” 
a set of which is ahio kept in all ship^drawing 
offices. They are ahnply thin wood battens cut 
to the shapes of various curves whioli occur fre- 
quently in the drawings of ships. If properly 
selected, some 20 or .10 of these “curves” wm 
suMce to draw all ordinary ship curves. When 
the points through which the required’ line must 
pass are determined, a mould is laid on the paper 
so that its outsido edge passes through as many of 
the given points as possible, when part of the 
curve may be drawn; and by scdeetiiig suitable 
mouldt, Buceessivn pai^ be &aww the 
curve is com|deted, the important point being to 
see that there is no diseontmuity in the line at the 
junctions of the parte. 

When the lines of a ship are at hcmd, the form 
of the vessel at any place can be easily deter- 
mined: If a water-line not shown on the half- 
breadth plan is re(]^aired>, then we have simply 
to draw its projection in the body and eleva- 
tion pfims, and the halbbroadth of the varicme 
sections can he measured in the body plan and 
set off at the corresponding vertical lines in 
the half-breadth plan. The interseotion between 
the water-lines in the elevation and the bow and 
buttock Knca can be squared down to the projec- 
tions of these lines in the half-breadth pt^ A 
sufficient number of points are then obtained to 
determine the new water-lcoe. Similarfy, the 
form of a cross section not shown in tte body 
plan is desired, it is ncoessarv only to draw a 
vertical line in a half- breadth {uan at the positions 
of the cross section in qnestkm, to measure off 
the half- breadths of the variotis water-line pbmes 
at this point, and to set them off frcmi the mkblle 
Hne of the b^y plan at the respective projeetiens 
of the water-line planes. The projection of the 
new section may also be (iraiwn in the elevation; 
and its interaection with the bow and buttock lines 
levelled over to the profeotions of these lines in the 
body plan. The new section can timn be drawn in. 

The DimeMioiis of a Ship* It is desir- 
able at this stage to ihatrate the exact way in which 



the vuroms jprhui^ial dineasioiks of the ship are 
measured. The hnigth wtdi whiollt the shipbuilder 
"and owner nsoa^y deal is Hie length Between 
perpendiculars it k measured on the uppermost 
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continuous deck from the after side of the stern- 
post to the fore side of the stem. If the sterapost 
is incHned aft, or, as it is called, has a roibe, then 
the after side of it is produced until it meets the 
deck-line of the centre 
of the ship [Sb]. The 
vertical through this 
point is called the 

If the 

stem is bent to form a 
cut- water, as in most 
sailing ships and yachts 
and in some steamers, 
then the line represent- 
ing the fore side of the 
stem below the water isb0. 88BTCH SHOWinro how 
oontmoed in the same brEADTR AND DBPTH ARB 
direction, until it meets iffEASUBED 

the deck-line at centre, 

as shown by 85i The vertical line through this 
point is the permTidkutnir, Whenever it is not 
otherwise stated, the length momtioiifid is usually 
the distance Ijetween' the fore and aft perpen- 
diculars. For some purposes, the lengtn over 
all is retired. It is meaeur^ from the alber^ 
most point of the counter to the foremost part 
of the stem, os also shown in 9k The brei^th 
ecnnmoniy used by shipbuilders is the moidded 
breadth of the ship measured at the outside edge 
of the frames, or at the broadest pact of the mid- 
ship section, se: shown in 30. Owners, on the 
other hondv often use breadth exteeme, which' is 
eoual- to the moulded breadth plus the thickness 
of the shell-plating 
at the side 0 f£ the 
vcHMei. Usnallyr 
there will be four 
thseknesses to add, 
owing to the over- 
lapping of the 
plates. The ordin- 
ary depth of a ship 
is the moulded 
depth, which is the 
vertical distance 
between the top 
of the keel and the 
under side of the 
dc^k or the top of 
the beams amia- 
shjps at the side 
of the vessel, as ej 
indicated in 86. 

Sometimes the 
depth at centre 
is used, and it is measured foom the top of the ked to 
the imdierside of the deck or the top of the beams 
anridihips at the centre line, os also* shown in 81 . 
Owners often use the depth of holdy which is 
measured from the topof the ftoers, or inner bottom, 
to the top ol the b^ms of the uppermoet deck. 
There are dhneneions measured* In varioiM other 
wayis such as registered dmnsfoos, tonnage 
dimeMioBs, djapfocimiieBit donenszems,, etc.,, bnt 
they wffi be expmkied hi later articles os it becomes 
neoeaaeiry to refer tw thenw 
The MIMkiii Secli^ When the lines 
have bessdmwnv the vavjoua other pl«s necessary 
for the bsiMing of the shh> can be began. 
Okie oi Hie most importaiKt ot, these h the one 
designated the mmimip In ouHine it 

is Bonply a eot^ of the eroos sostiew of 

the body^plen, bnt ft is mmaMy drawn todouble the 
scale. This s e ct ion is so impoftaniahHwbeginnmg 
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of the ship that it is often prepared before the 
line drawing. If that is done, it means that the 
form of the midship section' is decided u|X)n before 
the form of the vessel in other respects has been 
arranged, and the lines of the ship must be com* 
pleted HO as to agree with the given midship 
section. Insides the putline of the frame section, 
the lines of the various deoks are shown on the 
midship section drawing, as is also a cross sec- 
tion of all the material. In other words, the 
representation is that of a proper cross section of 
the vessel. No other single drawing gives so much 
information about the cnaracter of the proposed 
vessel as the midship section ; but to add to this, 
the exact dimensions of all the important material 
in the structure are also stated in writing, together 
with a large amount of other general information. 
Figure 87 shows a midship section of the vessel — 
the lines of which wore shown by 80 to 82. It is 
that of a small single-deck cargo-carrying steamer. 
When the outside lino of the frame and upper 
line of the beams have been drawn in, the line of 
the inner bottom is determined. Its distance 
from the outer bottom is usually given at the 
centre and at the side, and it depends upon con- 
siderations of strength and of the amount of water 
Imllast to be provided for. In some cases it is 
horizontal, but it may slope either towards the 
side or towards the centre, according to the system 
of drainage adopted. 

Frames. Next, the frames may he di'awn. In 
the double? bottom they are simply formed of a small 
angle attaching the outer [dating to the vertical 
floor-plates. Outeide the double bottom they are of 
various forms. They may bo built up of the plain 
frame angle with another angle called the reversed 
/fame, riveted at its inner edge, as shown in 88. 
Instead of the frame and reversed frame, a solid, 
rolled section may bo adopted. The channel 
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section [ 40 ] is perhaps the most convenient. The 
Z section [89] is similar to the channel section, but 
has the flanges showing in opposite directions. The 
most popular frame section at the present time is 
the bulb angle section [ 41 ], which is an angle with a 
thick bulb at its inner edge in lieu of the reversed 
frame. This form of frame has been shown in 87. 
Frames are, for reasons of convenience, always 
fitted in such a manner that the flanges which attach 
them to the shell plating are turned towards amid- 
ships. The seotion shown in 87 may, therefore, 
be supposed to be just forward of amidships and 
lookea at from abaft. The frames have, therefore, 
their fore and aft flanges turned towards the viewer. 
As the frames are, in this particular instance, of the 
bulb aimle seotion, reversed frames are shown only 
on the door-plates in the double bottom, where they 
are on the side opposite to that of the flange. No 
reversed frame is shown on the small floor end 
braoket outside the double bottom, but the upper 
edge of the plate is bent at right i^pes to the 
remainder, so as to form a stiflenmg flinge in place 
of an angle bar. The method of thus filming a 
flange on a plate is very often adopted in order to 
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form an attachment, as, for instance, in a cose of the 
floor-plates of double bottoms, ?^hei*e the flange 
may take the place of a frame or reversed frame. 

specification of Scantlinio. The draw- 
ing of a midship section has been aesenbed. The 
importance of this document lies mo^e in the written 
than in the drawn information itoon|ajna. The exact 
form of the outlines of a midfcip seotion is 
very important in itself, and mu|| bo definitely 
determined some time before is begun, 

but an approximate outline is usually^iite suffi- 
cient to form a basis for all the par- 

ticulars of the struoture which are recorded here. 
As already stated, the scantlings or dimension^StL&lI 
the various principal items in the structure are given 
on the miclship ‘section. The equipment, such as 
weight of anchors, size of chain cables, hawsers, etc., 
is also shown. The following is a specification of all 
the particulars which would have been indicated 
on the midship section shown in 87 of the 
previous article, but which have been left out there 
owing to the reduced scale of the illustration ; the 
numbers in brackets refer to those shown in 87: 

Midship Section Scantlings. Frames 
[38] of bulb angles. 4^ in. by 3 in. by -jftj in. for three- 
fiftl^ the vessePs length amidships, to JV hi. at the 
ends ; spaced 22 in. apart, centre to centre. 

Reversed frames. None. 

Side strii^er in hold [3P]. Of bulb angle, 5 in. by 
3 in. by A'-* with in. intercostal plate attached 
to outside plating by angles 3 in. by 3 in. by ^ in. 

Watertight bulkheads. I.<ower half of plating 

in. ; upper half, ^ in., stiffened by 4 in. by 3 in. 
f>y aV in. angles, spaced 30 in. apart, centre to 
cent re, and bracketed to tank top and deck plating. 
Bulkhead frames, 3 in. by 3 in. by in., double 
angles. Angles attaching bulkheaas to tank tops, 
3 in. by 3 in. by -/V double, and to deck plating 
3 in. by 3 in. by in. double. 

Pillars, in hold [4G], 3 in. in diameter, of solid iron 
and fitted at alternate frames. Under bridge [45], 

in. in diameter, of solid iron and fitted at alternate 
frames. 

Beams. Upper deck beams [41] of plain angles, 

5 in. by 3 in. by ■jf'o in., fitted at every frame with 
bracket knees [42] 12i in. by 12^ in. by /g in. Where 
the length of beam at ends is less than three-quarters 
the midship length, the beams may bo reducerl by 
steps of \ in. to 34 in. by 3 in. by hi* Beams at 
enos of hatchways, 7 in. by 3 in. by ^ in. ; bulb 
angles with knees, 174 °y 174 in. by -A- in. 

Bridge deck beams [43], 4J in. Tby 3 in. by 'O- ; 
lain angles at alternate frames with knees, llj in. 
y Hi in. by ^ in. 

Poop beams, 4 in. by 3 in. by in., plain angles at 
alternate frames with knees 10 in. by 10 in. by’i^ in. 

Fore<mstle beams, 5 in. by 3 in. by ^ in., plain 
angles at alternate frames with knees 124 ^y 
12? in. by ^ in. 

Forgings. Stem, fl? Kv U bottom, 

tamring to 54 ki* by I? in. at head. 

Propeller post, 04 ky 4 in. 

Huoder post, 64 in. by 32 in. ; sole piece, 7 in. 
by 4 in. 

Rudder stock, 5 in. in diameter. 

Pintles, 24 in. in diameter. 

Single <plate, 44 in. in thickness. 

Plating. Keel plate [1], 32 in. by 44 in. for 
three-quarters the vessel’s length amidships to 44 in. 
at ends. 

Garboard stroke [2], ^ in for half the vessere 
lei^th amidships to ^ in. at ends. 

Bottom plating [3], yv ki. for hall the vessel’s* 
length amioships to in. at ends. 
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Bi}g« Touting [4 and 5], ^ and fc>r half 

the Tessel'a amidships to in. at the ends. 

Side ]^tiiw [6 and 7]» ^ and ^ in. for haH the 
Tessersleoffth amidshf^ to ^ in. at the ends. 

Sheerstrahe [8], 33 m. H vessel’s 

len^h amidships to A in* ends. Doubled for 
14 ft. at the ends of the bridge. 

Poop, bridge, and forecastle side plating. A in- 
upper deck stringer plates [11], 88 in. by ^ in. 
for half length amidships to 20 in. by A in. at ends. 
Stringer angles [13], 3 in. by 3 in. by A i®- ^ ^ i“- 
Deck plating [12], ^ in. fore and aft ; one strake 
at sid^ of hatchways ^ in. 

Poop, bridge, ana forecastle deck stringer plates, 
20 in. by in. ; angles, 3 in, by 3 m. by ^*ir in. ; tie 
plates, 6 in. by ^ in. ; poop and brid^ W(^ decks, 
2^ in. nino ; foreoastlo wood deck, 3 m. pine. 

Double bottom. Centre girder [19], 32 in. by 
in. to ^ in. 

Side girder [20], A- i»- 

Margin plate [21], 20 in. by in- 

Floor plates [28], ^ in. 

Middle line strake of inner bottom i^tmg [26], 
32 in. by ^ in. to ^ in. 

Inner b^tom plating [26], ^ in. 

Keel angles [23], SJ m. by 34 in. by in. 

Centre ^rder. angles [22], 3 in. 3 in. by in. 

to A »• 

Margin angle [27], 3} in. by 34 in. by J’jj- in. 

Frames in double bottom [30], 3 in. by 3 in. by 

A m. 

Reversed frames in double bottom [81], 3 in. by 

3 in. by A 

All vertical and intercostal attachment angles in 
doable bottoms, 3 in. by 3 in. by A hi. 

Floor end brackets [29], A hi. m thickness, 
flanged on the upper edge and attached by smgle 
angles [32] to the margin plate. 

Ceiling in hold [37], 2i in. pine. 

Cargo battens [40], 6 in. by 2 in., spaced as shown. 

Riveting. Butts of keel iflate overlapp^ and 
treble riveted for entare length of vessel. Butts of 
garboard strake, bottom, Imge, and side plating 
overlapped and double riveted for half the vessel’s 
lei^h amididiips, single riveted at the ends. 

Butte of sheer strake oveiiapi>cd and tieblo 
riveted for half the veseel’s length amidships, 
double riveted at ends. 

Butte of poop, bridge, and forecastle side plating, 
sh^ rivets. 

Edges of outside plating overlap{)ed and single 
rivet^. 


Butts of upper deck stringer plates overlai>])ed 
and double riveted for half the vessel’s length 
amidshipe, single riveted at ends. 

Butts of up^ deck {dating and of jioop, bridge, 
and forecastle decks, stringer {dates overlupiwd and 
single riveted. 


Butts and edges of nmer bottom plating over- 
lapped and single riveted. 

TOtts of centre girder and margin plate over- 
lamp^ and double meted. 

Rivete in butts of outside plating and deck 
strinm plates spaeed throe ana a half diameters 
apart, centre to centre. 

Rivets In e%es^ of outside jdatbig and dock , 
luting, and In Imtts and edges of inner bottom and 
bttUdl^ pHihigf spaced not more than four and 
a half diaiaelm apiurt* oen^ to centre. 

Bquipmeut^ i bower anchor, eadi 10 cwt.,9icwt., 

1 stream anchor, 4 owl, and 1 hedge 
anehor, 2ewl 

Chain cftblw, im lms,» 1 A hi. stud link. 

stream ehahit tOlms., f| in. stud link. 


Towlinc, 76 fms., 2} in. steel-wire rope. 

Hawser, 90 fms., 6 in. hemp. 

In some instances the specification of scantlings 
given on the midship section is much more detailed 
than in the example shown above. The exact 
width of all bntt and edge laps and straps may bo 
given, as well as tho siae and spacing of the rivets; 
the number and size of rivets in beam knee brackets, 
floor end brackets, and at head and heel of ptHars, 
etc., may also be given. Usually, several mklsfaip 
sectkms are required for various purposes, and tho 
information supplied will then vary in each case, 
according to the object of the particular section. 
One mioship section will thus usually be required 
by the owner where certain general information is 
supplied : another more detailed one may bo 
required by the institutions classifying ships for 
the purpose of iusuranoe; and one with every 
detail shown on it will be necessary for the guidance 
of the workmen in the yard. 

Fairints a Set of Uiikea. With the mklshlp 
section and the line plan prepared, the general 
form of the vessel and its method of construction 
have been arranged. There remains, however, a 
considerable amount of draughtsman’s work to bo 
done before the aetual build^ operatiocis can be 
proceeded with. The lines, as siippUed by tho 
designer, are to a small scale—usuaHy ^ in. or 4 in. 
equal to 1 ft. — and even if they are most carefully 
drawn they cannot bo relied upon to be exactly 
correct when magnified so as to bo applicable to 
tho fuU size of the ship. It is the cross sootkms of the 
body plan that aro akooily used in the {>roduotk>n 
of tne form of tho vessel. As stated in the artiolo 
dealing with the lines, they represent the curves to 
which the frames must be bent ; only a few cross 
sections are shown in an ordinary body |)lan, and as 
every frame must have its form given, it becomes 
necessary, lor this reason alsp, to modify tlio 
designed body plan. To make the Imas applioablo 
to the full-siz^ form they must undergo an 
o^ieratiQn called fairing,” which practically con- 
sists in thek being drawn to a very much enlarged 
scale, whereby possible irregularities will become 
apparent, and can be removed. In the time of wood 
smpbuilding this fairing of the lines, together with 
the determination of the form of the vanous frame- 
timbers, etc., was a very elaborate process, which 
went imder the name of the ” laying-off” of the 
lines. It was done bv special men, and required a 
considerable knowledge of descriptive geometry. 
In passing from wood to iron and steel as the build- 
ing material, the method of oonstriiotion, and 
consequently also the production, changed some- 
what, and the ** laying-off ” of a vessel became 
reduced to a much simj^er process. 

Fu1I««Im L*ylni«off. In manv ship- 
yards the lines are still laid-off and faired at full 
shEe, and a description is therefore made here of this 
operat^n. In the first mstance, a copy of the 
desigiiod lines, or a table of offsets, is supplied by 
the wawing office. The offsets are simply dimenaiOTs 
measured by the draughtsman on tho drawing 
and recorded in tabular form. A set of vertical 
eotumns may be arranged for to corrc4{><^ to 
the number of cross sections and similar hi^aontal 
odomns to correspond to the wnter-lmetk Tlie 
half* breadths are measured at each water-line and 
each cross soctiou, and noted down in the proper 
columns of the table. Frcnn these dimehsionB it is 
possible to reproduce the water-lines and cross 
sections. The offsets of dher lines^ aq the deck, 
bow, and buttock lines, etc., are dso noted. Tho 
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tables are handed to the man who has charge of the 
moulding loft — a place with a large, unobstructed 
floor, on which the lines are reproduced in chalk 
to full size* The depth and half-breadth of the 
ship usually fall within^ the limits of the loft, but 
the length of n large sh'i]) cannot be laid down in 
full, as Uiat would necessitate an enormously long 
building. The cross sections or the body plan can, 
therefore, be laid down to the absolutely correct 
full size, but the water and deck lines have to be 
what is called eontracUd, This simply moans that 
the cross sections of the half-breadth plan and the 
elevation are spaced closer than in reality — say, 
one-fourth of the actual distance they are af)art in 
a shill. This not only has the advantage of bringing 
the lines of the ha)f-breadth plan and elevation 
within the size of a loft, but the increased curvature 
of the lines in these views enables their character 
to be more easily discerned by the ap]>earance on 
the loft. Any unfairness — that is, a hump or cavity 
— that might exist in the designed lines, will be 
magnified on the loft 60 to 100 times, and can 
therefore be easily seen and removed. 

Body Plan. 'The half-breadths having been 
set off at the water-lines of the body plan, 
the cross sectibns may bo drawn in by moans 
of long battens, made to pass through the re- 
rpiired points, and hold tem|>orarily in position 
by spikes driven into the thick deal flooring. 
If, 08 will be usually the case, the battens will 
not pass easily through all the given points, 
then there has been an uiieveimess or unfairness in 
the original line, and the batten is now made to 
Hpriug easily through the majority of the given 
points, and the line drawn in. The offset of the 
1 mints that do not full on the line are then cor- 
rected accordingly. When, in this way, the 
sections of the boay plan have been drawn in and 
faired, then their actual half-breadths are trans- 
ferred to a set of contracted water-lines. It might 
here happen that the cross section might be abso- 
lutely fair in a body plan, but all its half-breadths 
might be too large or too siuall. If a cross section 
is, in this way, either too broad or too narrow in 
relation to its neighbouring sections, it will at once 
Ik* apparent in the contracted water-line plan, and 
can be corrected. When the water-lines have thus 
been fair€*d, it is necessary to go back to the cross 
sections of the body plan and make them agree, 
where necessary, with the altered half-brea&is. 
In tlie same way, contracted bow and buttock lines 
arc dra'am and made to correspond to both the 
amended water-1 ine.s and cross sections, and 
absolute agreement may thus finally be arrived at 
between all the views. 

Diagonal Sections. The best sections for 
the purpose of arriving at a fair surface of the 
ship, with agreement between the* various sets 
of projected lines, are those that cut the surface 
of the ship as nearly as ]>os.siblo at a right angle. 
Ilie intersections of the various lines becume 
thereby more clearly defined. For this reason 
s)iecial sections are often selected, and drawn 
only for the fairing process. The most con- 
venient sections for this purpose are those made 
by the fore and aft planes at an angle to the middle- 
line plane. They are called diagonal planes, as 
they appear in the body plan as straight lines drawn 
diagonally from some point on the middle lin^ to 
the surface of the ship, os AB, CD, and EF [ 48 ], 
These lines will appear curved in both the elovatiem 
and half-breadth plans, but their real form is 
obtained by assuming the diagonal ^lan hinged 
about its intersection with the midPe-line plane 
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until it becomes parallel to the water-lines. Its 
horizontal projection will then represent its true 
form. This is easily obtained by dealing with tlie 
diagonal plan in question — say, AB [42], os if 
it were a water-line plane. It is necessary only to 
set off in the water-line — 

plane, at their respective ' rtTT / | 

cross sections, the dis- / / V- 

lances from A to the inter- jl 1 ^ /"i ji 
sections of the diagonal ^ | 

])1ane with the sections of oSVV rf|o 

the body plan, as if these |\\\/A / / I 

distances were half- l\\/\ /\] f\jK II 
breadths of a water-line. 

It is, of course, essential 

that these diagonal lines 42. bodV PLAN WITH 
should fair, and if liey UNES 

are so, there js a consider- 
able guarantee that all water-lines and bow and 
buttock lines will also be fair ; in fact, a few diagonal 
lines are, for fairing purposes, equivalent to a larger 
number of water-lines in conjunction with bow and 
buttock linos. 


Modern System of Laying-off Lines. 

The above-described method of laying-off a set of 
lines to full size on the loft is necessary in wood 
shipbuilding. When iron and steel are the building 
materials it is not essential that the laying-off 
process should be carried out at full size. In many 
respects, a smaller scale is heits more convenient, 
and is adopted in many shipyards. The entire 
operation of fairing and laying- off the lines is 
carried out on paptT by simply enlarging the scale 
of the desi^ied lines — say, from J in. equal to 1 ft., 
to in., I in. or 1 in. equal to 1 ft. The smoother 
surface of the paper, and the finer instruments used 
in producing the lines, enable a trained draughts- 
man to work with a very high degree of accuracy. 
In l>eing able to discriminate between good and 
bad lines, it is, of course, ])ractice that makes the 
master ; the experienced eye will, by merely looking 
along a line in a fore-shortened view, discern a very 
small irregularity which the less-trained operator 
might hardly be able to measure by direct mcfuis 
When the exact desired fair form of the vessel has 
been obtained, by whicliever method it is arrived at, 
a corrected table of offsets is made out, much more 
detailed than the original one produced from the 
designed lines. The offsets are usually given for 
water-line planes 2 ft. apart, or near the flat of the 
bottom, for every 1 ft., and for cross sections, 12 ft. 
to 16 ft. apart amidships ; and 4 ft. to 1 2 ft. apart 
at the ends of the vessel. The offsets are also given 
for the deck lines — that is, their half- breadths and 
their sheer heights at the respective cross sections. 
The sheer heights are measured in the elevation 
from a horizontal line tlirough the lowest point of 
the deck line or through the point where a vertical 
cross section amidshi]>s intersects this line. The 
offsets for the curve of the stem are also recorded. 
The vertical ones are measured from the base line 
at the top of the keel at the resi)ective cross sections, 
and the horizontal ones from a suitable vertiofd line 
— say, one of those representing the forward cross 
sections and at the seleeted water-lines. 

, The WorKiog Model. While the liiiea have 
been laid-off by loftsman or a draughtsman,’ 
a working model may have been prepared by the 
model-maker from the designed lines. The method 
of obtaining a set of lines from the model was de- 
scribed at the beginning of this article. The making of 
a model from a set of given lines is emially simple. 
The model-maker supplies the draughtsman with 
a set of oarefully-planw deal boards, the thickness 



of whioh correspotids to the actual distance hetiw^een 
the wateT'^mes ahown on the drawing. The tkaughte- 
man thwi aimply transfers a water-line to each 
hoard, as shown in 48, the centre line, and the lines 
representjiig Ihe various cross sections, being ihrst 
drawn. On the side of a rectancnilar piece dl wood 
— somewhat thicker tiian the boards, but of the 

48 . WATBU-LIKB 8B0TI0K OF MODEL 

same length and breadth — a line Is drawn, repre- 
senting the deck at side, and also a profile view of 
the stem and stem or counter of the vessel, as shown 
in 44. The various pieces of wood are then retixmed 
to the model-maker, who first of all cuts the boards 
to the required water-lines, and the top piece to 
the required deck-line. The uppermost piece is 
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then returned to the draughtsman, who now draws 
a plan of the deck-lino on the top of the slij^ly 
curved surface, just as the water-iHies were drawn 
on the plane surfaoes of the boards. All the pieces 
are then glued together in their proper relative 
|K>Bttratts, so that the centre lines and tlie Imes 
ropresentiiqg the various cross seettons are directly 
over each other, or in the sanw^ verticai ^anes. 
When that has becsi done , 

Ton^ model of the ves- 
sel has been produced, and 
it remains for the model- 
maker to trim down the 
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ridges of the prismatio sec- 
tions of the water4ine boards 
until a perfectly fav and 
smooth surface is arrfved at. 

In doing this he must, of 
course, taice care to out away 45 , 
only’' the superfluous wood 
outside fair sections, such 
as the one indicated by the line ABC (45]. 

Dpawins <m Model. The model is then 
slight^ vamndiod in order that it may be drawn 
upon, and is ret u rned to the draughtsman, uHlio 
now has to prepare, on its surface, a complete 
representation tn the framing, stringers, and 
outside lilating of the ship. In doing this, he 
first of all marks the positions of each frame ni 
the ship at the keel and numbers ^em 
aft to forward. He then draws a fine at these 
mints, usually in red, representing line of the 
heel of the frame angm from keel to gunwale. 
A special meofatin^pn is used for this purpose, which 
enames a drawing pen to be guided in a plane 
that can be adjumd so as to be at rigfht ang^ to 
the keel line of the ship. When aH the frames have 
been drawn, the positions of the deck lines and 
stringers are determined. The upper ei^ of the 
modm represents the upper edge of the strake 
or the top of the rad W. The distanoes of the 
deeik lines and stringeni below this line are mea- 
sured on the midship seeShm and flee line plan akmg 
the tidge tsf tlie respedtive frames, and are set oS 
on the model from its upper to whidi the fine 
df the deck and st ri ngCT s wSf usually be nearly 
nmilel. These Imes are drawn bv means m 
nesIMe bsfttens held in position on the model by 
fine pto. The lines of intercostal keelsons, and 


the margin plate of double bottoms, are also drawn 
simfiariy to those of the stringers, but their position 
is determined in relation to the keel line, thek 
distanoes out on the frame lines being also measured 
on the midshqi section and on the line nlan. 

OutMde Plating. Tlie model is then 
ready to have the lines of the outside plating 
drawn upon it. The widths of the strakes of 
shell nlathig are arranged on the midikip section, 
and they can, therefore, be transferred right away 
to the midship frame of the model. The upiier 
edge of the sheer strake is usually at a certain 
height above the deck nt side amklships, and, as a 
rule, it retains this height to (he ends of the vessel. 
The line representing this edge may, therefore, be 
drawn parallel to the line of the dock in the manner 
in which the stringer lines were drawn. The lengths 
of the frame, or the half girtli of the vessel from 
keel to gunw^o, will vary through the length of the 
ship. From amidships, it will mcrease somewhat 
as the ends are ai^nwached, and the width of the 
total amount of sbeH plM^ing inus^ consequently, 
also mcrease. The wS\ attain a maximum, 
roughly speaking, at about one-fo«ath the vessel’s 
len^h fcfward and aft of amidships. Jfrom these 
po^ts it will be reduced towards tlie ends, where 
the total width d shell plating is, therefore, also 
red^iced. The necessary mcrease and diminution in 
the amount of fhell piating might be efiected 
by moreasmg or diminishing all 8ie strakes uni- 
formly. It is, however, usual to have the strakes 
of the side plating iwactically parallel, fore and aft, 
and to let the necessary increase and reduction in 
width be confined to a few strakes in the bottom. 
In most cases, the half girth aniidships is so much 
in excess of that at the ends of the vessel that it is 
convenient to let one of the strakes terminate 
before reaching the ends. Such a strake is called 
a sitter. In some instances there may be two, 
or even three, stealers. 

£d|p08 of Plating. The edges of tlie side 
plating, including the lower edge of the sheer 
strake, are drawn parallel to the upper edge 
of the sheer strake at the proper distance below 
it. At the after end where the form fines away 
under the counter, the small flat battens, by 
which the lines are drawn, are allowed to spring 
freely — that is, they are not bent latoraUy, but merely 
twisted round the form of the vessel. In arranging 
the bottom plating, the same principle is adhered to 
of allowing the guidin|^ battens as much freedom as 
possible, consistent WM being held fiat, by moans 
of pins, to the surfroe of the model. This conduces 
to simplicity, as the individual plates of the strakes 
will then have a minimum of curvature in their edges 
and bo more easily prepared. Care is taken in 
arranging the edges, or landings, as they are called, 
80 that they do not run obliquely across the lines 
of an intercostal stringer, keelson, or marmn plate 
of a double bottom, os complication would, in that 
case, arise with reg^ird to the rivetinff. Figure 46 
shows a profile v iew of a working moaol of a small 
safiing vessel. For simplicity’s sake, only a 
very few of the frame lines are shown and only the 
outside edges of the plating are indicated. The 
fore and aft dotted lines represent the deck line and 
the side stringers. When all the widths of the 
plates have been arranged, the butts are drawn 
on the model When the butts are strapped, 
they are arranged to be midway between the two 
frames, and the line of the butt is paralM to the 
frame lines. If, on the other kukl, ikie taMas are 
lapped, then are usuafiy c4oie to ose of the 
adjoin^g frames. 
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The Scrieve Board. When the working? small distance on the body plan between . tlioso 

model of the vessel has been completed, the linos laid sections, which can be scrievod to the offsets. In this 

off and faired, and the correct onsets recorded, then space all the intermediate frame sections must 

the scrieve board is prepared. It consists of a fall, and the o|>erator then simply divides it up 

large unobstructed black-painted floor like the into a number of smaller spaces co^esponding to 

moulding loft, but it is always of thicker planks the number of frame sections required. The dis- 

at the ground level and adjoining the place in the tance at a water-line between two drawn frames, as 

yard where the frames are being bent. On these AB [49 J, will, if the space is small, be divided into 

boards a full-sized body plan, complete in every practically equal parts by the intermediate frame 



46 . FROFILK VIEW OF WORKING MODEL OF SMALL SAILING SHIP 


detail, is laid down for the guidance of the workmen 
bending the frames. Figure 47 shows a scrieve 
board body plan for a small vessel, with many of 
the lines omitted owing to the reduced size of the 
illustration. In the first instance, a base lino and 
centre line are laid down. The vertical tangents to 
the midship section are drawn next ns well as thci 
rise of floor lino. The water-lines are then drawn in 
<*ha]k, parallel to the base line, and at their proper 
height above the lop of the keel. The corrected 
half-breadths tabulated on the loft are set off from 
a centre line, one cross section being taken at a time. 



sections. They will not bo absolutely equal, but 
the skilled draughtsman will, by his eye, be able tn 
divide the space into the proper proj>ortionat0 
parts, say three, as shown in 49 . 

Through the points thus obtained, 

the intermediate frame sections 

may be scrieved by the aid of 

battens, care being taken to see 

that the character of the lines is in ^ 

ncoordanco with the adjoining 
correct sect ions obtained from off- 49 
sets. In laying down the recorded lines ON 
sections on a scrieve board, not 
only the water-line half-breadths board 

are set off, but the bow and buttock lines are also 
drawn in parallel to the centre lines, and the heighUs 
of the intersections of these lines, with the various 
cross sections as recorded on the loft, are set 
up from the base line. These points are, in 
the flat of the bottom of a vessel, much more xm- 
])ortant than the half-breadths at the water-lines, 
as the bow and buttock pianos at this place inter- 
sect the surface of the ship practically at right 
angles, whereas the water-line planes intersect it 
very obliquely. In addition to jxoints obtained 
from the recorded half-breadths and heights of 
bow and buttock lines, others may be obtained by 
diagonal lines being laid down on the scrieve board, 
and their recorded distances set off from the middle 
line. It is, of course, of the highest importance 
that the form of the frame sections should be correct 


47 . scrieve board body plan for 
a small vessel 


A batten of suitable stiffness is then bent, so that its 
outer edge passes through the various points. It is 
held in position as on the loft by means of long 
spikes driven into the boards, one on each side of 
the batten. When the operator judges that such a 
line of a frame is absolutely correct, then it is 


scrieved — that is, a perma- 

nont line is produced by 

me^ of a 43 scrieve knife 

1 48 ], which IS a tool >vhereby 

a narrow groove can be jiroduood in the boards, 
in this way all the sections for which offsets 
were obtained on a loft may be scrievod. If 
every frame section is not recorded in this wny, 
it is necessary to scrieve the remainder of the frames 
by interpolation. 


loiterpolatloii. For the end^of the vessel, 
every frame may have its offset taj^ated. Nearer 
amidships, there will be only a comparatively 


and all the various systems of points, through which 
they must pass, will mutually form a check on each 
other’s accuracy. 

Strlngera. The half- breadths of the upjper- 
most deck line are also set off at the proper height 
above the base line, and they form the upper ending 
of the frame line. At the lower end, the frame 
sections terminate at the keel, and at the half-breadth 
of the stem and sternpost \l^en all the hrame 
sections have been scrieved, the positions of the 
deck lines and stringers are marked. Their height 
amidshimx above the base line is obtained from 
the midship section. The heights towards the 
ends of the vessel are, in the case of the uppermost 
deck, determined W the recorded sheer neigh ts, 
which can be sot off at the proper frame sections. 
The line of the upper deck may tnerefore be scrieved 
through the points thus obtained. Other decks, 
such as poop, bridges and forecastle, middle and 
lower docks, are usually parallel to the upper deck, 
and their linos can be set off at the proper distance 
above or below the upper deck line. If these dec^ 
should not be paranel to the upper deck, their 
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heighr above the base line, or in telation to the 
upper deck, may be obtained from the line drawing, 
or from the oifaeto from the loft, and set off on the 
scrieve board. The lines of hold side stringers, 
aide keelsons, and margin plates of double bottoms, 
are scrieved in a similar Way to the deck lines, 
but in the ease of keelson and margin plate lines 
it is the half- breadths instead of the heights that 
are used in determining the points on the cross 
sections. 

Floors* The line of the fi ames is also the line of 
tlio outer edge of the door plates. It is, however, also 
necessary to show the inner edge of the floor- plates 
in order completely to determine their form. The m id- 
ship depths of the floor-plates at the middle line is 
usually retained well towards the ends of the vessel. 
At the side of the vessel the floor-plates usually 
rise above the height at the centre, and the point at 
which they terminate on the frame section is 
arranged on the midship section and on the line 
drawing. The floor ends are usually carried to a 
greater height amklahh»s tlian towards the ends of 
the vessel, as shown by 47 . Right at the ends, 
where the vessel is of a narrow v form, the floor- 
plates are increased very much in depth, in order 
more efficiently to tie the frames of the two sides 
of the vessel together. The line of the height of 
floor ends at the frame sections will therefore 
rise very steeply at the extreme’ ends of the vessel. 
The upiK>>r edge of the deep end floors is straight, 
and may be drawn horizontally across on the 
scrieve board. The entire form of these floor- plates 
is therefore given. The midship floor- plates are 
not usually straight in a single- bottomed vessel, 
and it is necessary to draw the correct line of the 
inside edge of the floor-plates on the scrieve board. 
The depth of the floor-plate at the middle line is, 
as stated, nearly constant for the greater part of 
the vessel’s len^h. The depth of the floor- plate 
nearer the side of the vessel is arranged on a 
midship section and on the line plan or directly on 
the scrieve board, where the depth decided npon 
at each section is set off inside the frame line. The 
inside edge of each floor may thus bo scrieved 
when the complete form of these plates is obtained 
both amidshiim and towards the ends of the vessel. 
Where they terminate at the side, their breadths 
correspond to that of the frames. The line of the 
up|ier or inner edge of the floor-plate is, of course, 
also the line to which the inner edge of the reversed 
frames has to be bent. 

R.lbbaildA« f n erecting the frames of a vessel, 
and before the plating, striugers and keelsons, 
are fitted, it is necessary to have certain temporary 
wood stringers, which hold the frames in their 
proper relative positions. These wooden stringers 
are called ribbands^ and consist of planks 6 to 8 in. 
Muare, some of which are tarred towards the ends. 
Tney are bolted to the outside of the frames as the 
latter are being erected. The position of these 
ribbands on the frames has been arranged on the 
line plan or moulding loft, and must also be shown 
on the scrieve board, where they usually ftppe«i* 
ns more or less straight diagonal lines. Tneir 
position is fixed by the girth measurement on the 
frame section or by the half-breadths or heights 
above the base line. Accuracy is not so very 
essential in these lines, which serve only a tem- 
porary purpose jb the act of construction. The 
widths of the outside plates are next arranged. 
They are measured off on the midship section and 
on the model at the various frame sections, and 
are then transferred to the scrieve board, where 
they are set off at the proper cross sections. 
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The lines of the edges or landings 
must, however, undergo a fairing process before they 
are finally scrieved. Those lines will also appear in the 
body plan as practically diagonal lines, as shown in 
47 . Two lines may be drawn for each edge of the 
overlap of the plates, and the space between them 
may be painted white, to distinguish these linos 
clearly from the ribband and stringer lines. Usually, 
however, only one of the lines of the laps is shown — 
namely, the line representing the edges of the 
outside strakes of plating. For practical reasons, the 
ribbands are arranged to be fitted in way of an 
outside strake, as they enn then remain in position 
until the inside strakes arc fitted, and are capable 
of keeping the frames in their ]>roper place while 
the outside strakes of plating ute l^ing fitted. It 
will therefore be observed from 47 that the ribband 
lines are between the lines of the landing edges, 
and they are also kept clear, as far as practicable, 
of decks and stringer lines. 

The Ordering of Material* When the 
faired line plan, the model, and the scrieve board are 
completed, the ordering of the material may begin. 
The angles for the frames and reversed frames 
may bo ordered from the body plan, the model, or the 
scrieve board. The IcngtliB ot a number of frames 
are measured and plotted down on a drawing ns 
ordinates, the spacing of which corresponds to the 
spacing of the frames measured. A curve is then 
drawn fair through the heads of the ordinates, and 
lines representing other intermediate frames are 
drawn in, and the lengths of all these can then be 
measured more conveniently than by measuring 
them individually on the loft or the scrieve board. 
Where there is only a single bottom, the length of 
the frame is measured from the keel to the gunwale. 
Where a double bottom is fitted, it is measured 
from the margin plate to the gunwale. A slight 
excess in length is allowed as a margin for possiblo 
errors, but for the midship portion of the vessel 
this should be only very small. At the ends, where 
there is more curvature in the frames, a larger 
margin is necessary. The lengths of the reversed 
frames are obtained in a similar manner to those 
of the frames. Whenever there is any douf)t, the? 
frames and reversed frames are measured on a 
scrieve board, but usually the line plan is suffi- 
ciently accurate for this purpose. The dimensions 
of the floor- plates may be obtained from the line 
plan or the scrieve board They cannot, however, be 
ordered to exact 

sizes, but must be p-T o 

obtained to simple L 

rough shajies, usually ^ 

with two parallel 60 . SHEARED FLOOR-PLATE 
edges apd tapered to- 
wards one or both ends. These roughly-shai)ed plates 
must, of course, be large enough to enable the work- 
man to obtain the exact size of the particular floor 
by shearing off the superfluous material. On the 
other hand, the size of the plates ought, for reasons 
of economy, to be such that a minimum of scrap 
or waste material is the result. 

Floor^latra* If the floor-plate, shown by 50, 
is to be entirely sheared out of the ordinary plate, 
then the latter must be of the shape A B (/ U. Borne- 
times, in single- bottomed vessels, the outer narrow 
end of floor-plates is bent to shape, in which. case 
a considerable amount of scrap material may be 
avoided, as in ordering the plate it is necessary only 
to suppose the outer end turned down in line with 
the remainder of the floor-plate. A BCD [ 61 ] 
will then provide suffloient material of the floor- 
pinto. In some instances, the floor- plates go right 
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ncrdM the «hi|> from aiile to «ide. When they are 
etroighi on the vifiper «dge, they »iay be to 

a triaitgMhur elu^ie if the riee of the Bon fs ^at, or 
to * vecstaagalar shaipe if it i« small. Mme often, 
the ifioor-nk^ are hutted at, or, alternately, at each 
of, the centre line. Tlw ordering of the end 
door-fihdiss is most « ^ 

OQOTeniently made v- .s 

irom the scrieve 1^ 

board, whore the Bi BlWrT FLOOR plate 
nraot triangular or 

trapezoidal rorin is shown to full size. The floors at 
the bulkheads are dee^ier than the remainder, and 
are nsindly ordered separately. The two sides of the 
vessel being alike, the order for the frames, i^versed 
frames and door>phiteii for the one side is a dupli- 
oate of the other, except where the fioor-plateB are 
of uttoqaal lengths. In ordering any kind of material 
for a care mnst be taken to specify it to be 
marked by the stoebmakers, so tlwit it can be readily 
identidod when k. aiiiveB in the shipyard. The 
vessel's number must, first of all, bo on every plate 
and angle, and next, a mark edifying where they 
arc intmided lor<-HUiy, for instance, E.F. No. 39 for 
reversed frame on frame 39, or FL Na 77 for the 
fioor-platc on No. 77. 

Otttsido Pimtlxuik Great care should bo takmi 
in ordering the outside plating, as it is one of the 
most exfieiisive items in the v<»fld, and at the same 
time one of the most difficult to order coiTCctly. 
The widths of the atrakes are sliovm on the mid- 
sliip sectfion and the model, but they are better 
obtained from the scrieve board, as the former 
cannot be depended upon to be exact enough. The 
lengths of tlie pUtes, however, can be obtained only 
from the model, aa, owing to the curvature of the 
ship’s sui^aoe it would not appear oorrectly in any 
of the views shown by the vajrious drawings. Ore 
must be taken in measuring these lengths to allow 
for the bend aisd twist in tlm plates, and both sides 
must be measured to see which is tlie longer. For 
the midship flat port of tlie vessel, the length of 
the plate can be ordered to very nearly the neat 
size required, but near the ends of the vessel, where 
the curvature and the twist becomes gxeater, it is 
neoessary to make a considerable allowiiiioe for 
contingencies ki the working of the plate. Some of 
the |9ates uniy have considerable curvature m their 
-edges, in which ease it is necessary in ordering to a 
rec.tangulor or trapezoidal plate, from which tliey 
nre to be cut, to allow for the round in the convex 
side by adding -to the breadth obtained from the 
scrieve hoard for the ends of the plate. 

Expansion of Platini;* bi- 

stances the outside platmg may be of such a 
character that it cannot be ordoned directly from 
drawings whic^ represent projected views only. 
The working mode) shows in all cases the form of 
the plates, but owing to its small scale, it cannot 
be rmied upofi for ^xaet. measurements when the 
curvature of the gating is great. Even if the 
dirrmnskms, as shown on the moded, were oorrect, 
it would be difficult to measure them on the bent 
surface. It is therefore sometimes nooesMry to 
draw an exploded view of such plating, in order 
that the real oixe of the ind i vkhtol |iates may appear 
in a |dane view, where their prosier dfruetiaiom can 
foe measured, A plate whtoh is curved in two 
directions oasmot he expanded exnctiy, but, os 
already nointed out, tiie mdividual plates of the 
outside-shell of « ship have practioailT only oorva- 
teHv m one direotson. The plating of tbe stem nr 
tMsmter of a ship is of such a loompfex ttatnre, 
and it is n oe e ssa iy to develop it froni^te various 


conect seotiotts as obtained from the fifbd loft 
olfrets. The surface of this plating is, iortnnately, 
in pracitteaJly ail^oases truly oyllndrieal^hat Is, it is 
curved an one direction <my, and it esa tkoredore 
always be ooireetly develop^ The iorm of 
stern m given by 
its -elevatioa and 
plan views, as shown 
ia BIZ. The emmter, 
being merely the tef '• 
mznatkm of the ves- 
sel at the after end, 
must be considered 
only ms a part of the 
hull proper in the 
fairing ot its lines. 

1®e idem is a y«*y 
prominent feature of 
a ship, and nmoh of 
the graceful appear- 
ance of a vessel 
depends upon its 
satisfactory form, 
and its being in har- 
mony with the remainder of the vessel. There must 
be no discontinuity in the buttock lines, where the 
stem joins the hull ; at the knnckle line there is a 
change in their direction, but they are usoally 
nearly straight od both sides of thk lino. When 
the term of the stem has been determined, and 
its lines have been arranged to run fair with those 
of the remainder of the vessel, then it may be dealt 
with separately in the arranging of its frames, 
beams, and plating. 

Etllfitic^ Stem. Figure SB shows on 

erdhmry so-oaBed ellaptioal stem, the surface 
of whiem is truly ^Jkidrioal with a more or less 
elliptical cross sectiem, and with its axis indinad 
to an angle of about 45® to the vertical. The 
elevation and plan vkws of the deck and knuckle 
line' are simply the vertical and horiaontal pro- 
jections of tbo ioterseetion of the planes of the deck 
and knvoklc with the trorfaoe of tlie cylinder. The 
buttock lines beween the knuckle and deck lines 
ore generators of the cylinder, being lines of inter- 
section between the sorlaoe and pknes parallel 
to its axis. To be able to order the stem plating, 
it is neoessarv to obtain its true Iorm, whi^ may 
be done as femows : The line AB in the elevation 
82 » prdonged upwards, and Ikies are drawn a t 
right angles to it at K and L, so that BK oad KL 
ore equal to the distsnoe between the buttock 
planes, or equal to ON and NM in the plan view. 
The buttock line 
CD, which is also 
a geDorating line, 

IS )vo)ongeci until 
it meets the line 
tbrotigk K in 
and KF is nimi* 
lariy prolonged 
until it meets the 
line through L in 
Hi. A line 
through 
and other simi- 
laiiy obtained 
TOinta, gives the 

iorm of a cross sectstm of a piasie at right angles 
to the oylindrioal Mirtaoe cf the stem. Bsmro 
lines at A and B at right angles to AB, and set 
off along these and BH^ equal to BG and 
BB, respeottveiy, w&oh represent the frnel 
along the snr{eoefr«KL.fi to theieopeoti 
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Draw lines through G, and Kg parallel 
to BA. Those will then represent the generating 
lines DC and F£ on the expanded surface. S<]^uare 
over the points D and C to D, and C* respectively 
and F and £ to Fg and £g respectively; then fair 
lines drawn through the points Dg, F,, and 
A, Cg, En, will represent the bounding linw of the . 
expanded stern plating. It will be noted that the 
expanding of the surface of the stem plating merely 
consists in the unrolling of the plating so as to be 
able to obtain its form in a plane surface. Fewer 
lines than would be necessary in actual practice 
have been used here for the sake of clearness, but. 
it will be evident that the entire surface of the 
stern plating can bo accurately obtained in this way. 

Counter Frames and Beams. The 

frames and beams of the counter are usually 
arranged diagonally more or less at right angles 
to the plan view 
of the deck and 
knuckle lines, sav 
DjN and F^M 
[58], and they 
butt against tht‘ 

1 ransom plate, 
which is a deep 
athwartship floor- 
plate, attached to 
the 8tern]>ost, 
and is represented 54. WATERTIGHT HUUKHEAD 
W the line OM 

[53]. When the lines of the frame have been 
determined in plan view, the points Dj, F. and 
Cj, Kj are easily squared up and the vertical pro- 
jections obtained in the elevation. The points 
D and 0 and F and E thus obtained may bc^ 
squared over to the developed dock and knuckle 
lines, when the expanded lines of the frames may 
he drawn. The joints of the stem plating are 



is usually to a scale of J in. equal to 1 in. The exact 
outline of eooh bulkhead is obtained from the lino 
plan» and the landings and butts having been 
arranged, the plates can be easily ordered to suit 
the required sizes. The stiffeners are arranged 
either vertically or horizontally, or in both 
directions ; and meir lengths easily measured on 
the plan. The bulkhead frames consist, as a rule, 
of double angles, and they are ordered with ordinary 
frames. The plans of the hon or steel decks and beam 
stringers are drawings showing in plan view the 
arrangement of all the plates and angles with butts, 
etc., on the various tiers of beams. Such a deck 
plan is illustrated in 55. The length and breadth 
of each plate being shown in corrtxst sizes, the dimen- 
sions for ordering are easily obtained. The lengths 
of the various stringer angles may also be readily 
measured on the demc plan, as may also the lengths 
for ordering the beams. A plan of a tank top or inner 
bottom is practically similar to that of a deck, and 
the plating can be ordered in exactly the same way. 
For keelson and stringers in hold, a plan is not 
usually necessary for ordering the material. The 
arrangement of butts and the lengths of the angles 
and intercostal plates can, as a rule, be obtained 
with sufficient accuracy from the model of the vessel. 

Ordering of Minor Items. AVhen nil 
the steel for the main structure has been ordered 
there still remains a large number of minor items 
for which material is required. The ordering 
of this is proceeded with as the detailed drawings 
are being prepared. In some instances whore, ns 
in the case of beam knee brackets, intercostal plates, 
etc., a very large number of small pieces of plates of 
a given form are required, they may be ordered by 
templates, which means that a wood pattern is 
made to full size and to the exact form of the plate 
required. They are sent to the steel-makers, who 
can then supply the items in the exact form in 
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arranged to come between the frame stiffeners, and which they are going into the ship, whereby all waste 

when the lines of the latter have been drawn on of unnecessary material is avoided. In all shipyards 

the expanded surface of the plating, it is an easy there is always a considerable stock of plates and - 

matter to arrange the former. The true form of angles of the most common sizes required, and it is 

the required plates is therefore obtained, and the therefore unnecessary in many cases to order 

necessary material cun be ordered, with the usual material from the steel-makers. The workmen may 

allowance for contingencies. QTRS [ 68 ] may simply be referred to the stock in the yard. The 

represent one of the stem plates with the frame line ordering of the stern frame, rudder, stem, and all 

DjCg running along its centre. other forgings or castings, must be done as soon ns 

Construction Plans. As soon as the possible, as it may possibly take a considerable time 

linos have been faired, all the various plans before they can be delivered, whereby delay may 

showing the construction of the vessel may be caused in the building operations * in the yard, 

be proceeded with, such as the bulkhead, deck These items are ordered by exact, complete, and 

and stringer and inner bottom plans. A bulk- detailed drawings, and in addition, where the design 

head plan is simply a drawing showing the disposi- is very intricate, complete full-sized patterns may 

tion of the plating and stiffeners of a transverse be supplied for the guidance of the forge or foundry 

watertight bulkhead, such as is shown in 54 . It supplying them. 

CovUinued 


5019 



DBESS 


MfLUVKIlY 
Mnitlna«d from 


LACE HAT TRIMMINGS 

Howto J«tn L«se far Millinery Piuyosaiu LnceQuiUsnadCo^uiBea. 
Rochiggs niul Accocdton HaatingB. Lace Fane and IlMttea 


By ANTOINETTE MEELBOOJM 


1 A€E trhnmings are al'wa 3 rB worn, espeeialiy in 
the spring and Bununern in a great variety of 
ways. Ihey take the form of scarves, medallions 
of all forms^ piece lace draped, or smaUer pieces of 
lace shaped and wired in different fancy shapes, 
such as quills, faaSy coqulllcs of all founs and 
siaes, and so on. 

One of the first thingfl to learn is to join the 
lace invisibly, as any cuttings of good may 
be utilised. In covering shapes entirely witn 
lace, it is also important to join the lace neatly 
wherever pieces have to be cut away or let in to 
form the curves. 

How to Join Lmce. Pin the two cut 

edges over one another, so that the pattern 
matches exactly [157]. With fine cotton, the 
texture of the net part of the lace matching it in 
colour, oversew round the chief lines of the 
pattern across the lace. Keep to the pattern as 
much as possiUe, as the stitches will l>e invisible 
at that part. When coming to the net 
part of lace, each little mesh snost have 
a stitch, and, when correctly joined, 
they will go in a slightly diagonal direc- 
tion. 

Cut the lace qviU dh«e to the stitches, 
no turnings showing on either side of 
the join. 

Lace Quilla; To make a lace quill 
or wing [168], place paper pattern on 
lace, net, or chiffon, front to cross, 
and cut out with J in. turnings. If 
the lace has a pattern, place that in 
the centre of the quill or wing. 

Wire-stitch with lace wire round 
the edge, turning the J in, turning 
over the wire on the right side, and 
allow 2 in. to 3 in. of wire at each 
end, at the bottom, to form a stem. 

Finish it with a plain or fancy straw 
edge, niching ^ chiffon, millinery 
jet or lace edging, which will pre- 
vent the turning from showing. 

Pretty quills can be made of inser- 
tion lace. 

A Lace Fan* The length required 
to make a lace fan depends on the 
fineness and depth of the laoe to 
be used [169]. Laoe 5 in. deep and 
16 in. httig wifi make a pretty little 
fan for a toque or bonnet. 

Slope the 15 in. to 10 in. at the lower edge. 
Join it in a round. Nip round the wire J in. at 
the top to prevent the sharp edge tearing the 
lace. , Wire-stitch the wire to the laoe, the stitches 
just fitting round the wire ; finish it off securely 
at the bottom, allowing 2 in. or 3 in. beyond ^e 
lace. Place one wire at the join, the centre, 
and one between the centre and ma». 
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If a pattern has scofiops or joints at one edge, 
make the wire supports come m the centre of one 
* of these, always banning J in. from the edge, 
firmly sewing the loop of Ae wire to the laoe. 
Nothing is so unifightly as ends of wire standing 
up abo^ a lace trimming. 

Whip round the bottom edge, arrange in a 
pretty shape, and bind the cotton round the wire 
ends at bottom. Little fancy lace pins arc used 
to keep the lace in place, pinned m about the 
middle hoin and there. La^ may also be wired 
the way of the selvedge, two thivie rows of 
tucks run in, lace wire inserted and the lace 
drawn up, thus making a pretty trimming. 

Coquillea. Coquilles are made in a simliar 
way. A piece of wire about 6 in. kmg is. left at 
one edge, and the other wires are arranged on to 
it, thus forming a kind of cascade. The laoe 
is kept in place with a little fancy lace pin in 
various places. 

Kilted Lace« Kilted lace can be 
bought machine-made, but often a 
milliner may have a short piece of lace 
ribbon or silk to kilt, just for a small 
oookade bow or chou. If ^ has not 
her own kilting machine, it can easily be 
done by hand [180]. 

Thrt^ad three or four needles, accord- 
ing to the width of the laoe, with soft 
cotton. Pleat the lace evenly, the pleats 
depending in width on the thickness 
of the lace. For a pointed edge 
lace keep the points defined. 

Tack the pleats, li^inning from 
the top, using all the needles in 
turn when a few pleats have been 
made. Keep, them quite straight, 

and let each pl^t just meet the last. 
Press them on the wremg side with 
a warm iron, between tissue paper. 
Take out the taddngs by cutting 
the cotton at frequent intervals: 
Ribbons, pieces of silk, and other 
material may be treated in the same 
Way, and to width the machine 
will take. 

Aocordlon PlMtliif, Accor- 
dion pleating k different kilting, 
as in the latter each pleat just meets, 
while in the first all the pleats are 
at the top of one another, ft can 
easily be don© at home for mtfliiiery purpo s es 
wlh an accordion pleating machine of me^um 
size. Join the lengths, press the seams, machine 
the lace or any other kind of edging to both the 
edges, pleat and press in the marine, and cut 
afterwards to the oifferent widths required. For 
accordion pleating, six times as much as is 
required when fint^ed will be wanted. 


KILTINO LACE 



Ruchlai^ Ruchings of lace, tuUo, net, or 
ribbon insertion lace with the two e^es aUke mav 
also be used, or piece lace finished at ends with 
baby ribbon and fancy edging ; or two narrow 
pieces of lace may be sewn t^ether by their 
straight edges. 

Rnchings are merely a succession of box-pleats, 
either single, double, or treble [161, 162, 168], 
or even as many^ hve or six pleats at the 
top of one another may be used. They are 
gathered or pleated in the centre, 
leaving the edges free. * 

Make a pleat towards you, and 
another exactly on the top, and two 
in the opposite direction. Each pleat 
must be the same size, and each set 
of pleats just meet the last. When 
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finished, the edges are caught to- 
gether. 

For single box-pleats, allow three 
times the length wanted [161]. For 
double box-pleats, allow five times 
[162] ; for knife pleating, allow two 
and a half times the length needed. 

Tulle ruchings pleat into one-sixth of 
the measurement. Tulle or net 
ruchings are usually cut double the 
width required, the <mt edges coming 
in the centre. For fine makes of net, five times 
the length is required. 

Narrow tulle or chiflfon ruchings should be 
about f in. wide when finished. Run them 
through the centre, catching the cut edges. Box- 
pleating is ineffective in so narrow a width. 

Lace and Net Quillings. Quillings are 
used for cap fronts or as trimmings for hats and 
children’s milhnery. They are made with a 
succession of single box-pleats, each pleat over- 
lapping the last alternately at , r — ■ 

front and back. For quillings, 
allow four times the length re- 
quired. 

Quillings of tulle for bat ruches 
look best when cut the le^th- 
w&ys of the tulle, thus avoiding 
joins, and giving the better result. 

Out the tulle in strips of about 
5 in. wide; fold it in half; hold 
lightly the two out edges, and 
make the quilling as d^ribed 
above, securing each pleat as it is 
made. 

After some practice quilling can 
be deme quite quickly. Light 
handling, cool fingers, and great 
care to keep the ruohing the same 
^dth and the pleats the same 
size for the whole length, are 
essential to a successful result When sewing 
on quillings or ruchings of tulle, net or chiffon, 
or any other transparent material that crushes 
easily, sew on from the back or between the 
pleats. This requires great care, as lightness 
of touch is essenrial with all such work, or it 
will become crashed in the sewing-on process. 

Ribbon and silk ruchings may sewn from the 
outside or between the pleats, and the stitches 

Continued 
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vtak^ through to the up]^r side. Some ruchings 
are made on a narrow piece of ribbon, and sewn 
to the shape by that means. 

Lac 0 Roaettea. For rosettes, whip the 
lace in the centre or at the edge, and arrange 
similarly to tulle and net rosettes. 

Laca Lappeta. Lace lappets are used for 
old ladies’ bonnets and caps. They take from 
IJ yd. of lace each. Oversew the two edges 
together, beginning from the cut ends [166]. 

Fold up the trian^lar piece [167] at 
the end, and cut the lace underneath 
close to the fold [167]. Cut through 
the fold, obtaining thus the little tri- 
angular piece of lace without a 
join [167a]. Place this piece in the 
triangular place as shown in 168, and 
join carefully, as for joining lace [ 157]. 

Figure 168s shows a piece of lace 
left with join in the centre. 

Joining Light Materials. 
To join tulle or net, overlap the 
edges for about 1 in., pin and tack. 
When the trimming is complete, tak(5 
out the tacking stitches, and the join 
will be invisible and quite firm [164]. 
To join chiffon, turn in about | in. at 
cut edges, dovetail them together, 
and tack [185]. lace, net and chiffon veils of 
all kinds are sometimes worn as a trimming 
for hats. They can bo made of a fine make 
of net, with a small pattern qdged with narrow 
kilted lace, velvet ribbon, or narrow rnchings. 

The net or lace can be obtained in almost any 
colour and looks well edged with another colour 
or a deeper tone of the same shade. 

In the making the worker should be careful 
to ease the lace at the comer, or, when velvet 
, , — , ribbon is used, to turn it in suffi- 
ciently, The drapery will not set 
well it it is at all tightened. The 
edges of chiffon veils are turned 
in twice and neatly run with silk 
_ „ - to match. 

At the present time veils are a 
very fashionable trimming, and if 
arranged artistically, make a 
charming, and to many people a 
partioulariy becoming, finish to a 
hat But the milliner should 
remember that nothing can give, 
an appearance of bad style so easily 
as a badly arranged veil which 
is too long and which droops over 
the shoulder in a heavy mass. 

A small lace veil carelessly 
draped round a neat travelling 
hat which boasts nothing else in 
the way of trimming but, for instance, a bird's 
wing wonderfully softens and improves the 
general effect. 

Such veils, 
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of course, are fixed with small 
fancy pins, which fasten them quite as securely 
as, and far more effectively than, stitches. 

The small veils used to trim travelling hats 
are of white or cream net, with a border and 
ends of lace. 
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By Professor JAMES LONG 


A LTHOUGH poultry are so largely bred for 
^ exhibition and for the purpose of gaining 
prizes, the main object is the production of food 
for irvan— eggs and meat. In order to achieve 
success in tnw work it is necessary to follow the 
lines of procedure which breeders of larger stock 
have now followed for so long a period with such 
distinct benefit to the whole community. 

Achievementa of the Ornamental 
Fowl Breeders. For half a century breeders 
of iwultry for exhibition have mated their 
birds on the principle of selection. If they 
desired colour of plumage, symmetry, or size, 
they have chosen breeding stock which corre- 
sponded in the highest degree with their require- 
ments. They have, in a word, bred from the 
best coloured, the best shaped, and the largest 
specimens obtainable. 

The producer of beef, mutton, or pork selects 
his breeding stock from among those cattle, 
sheep, and pigs which, making the most of their 
food, attain to the greatest weight in the shortest 
time. The producer of wool employs not the 
breed which converts its food into mutton the 
most quickly, but which carries, as its ancestors 
have also carried, the largest and finest fleece. 
And so it is with the pure races of poultry. 
The amateur has, during a long course of years, 
fixed certain types of fonn, colour, feather, comb, 
ear, and other fancy points, although in but few 
cases has he made, until rerently, any attempt 
to increase the number of actually utilitarian 
breeds. 

The Development of the Brahma. 

What has been accomplished so successfully by 
breeders for exhibition, then, can be equally well 
completed by breeders for meat and eggs. 
Indeed, we hold the opinion that had one half toe 
energy, persistence, and skill that has been 
exemplified by the amateur in response to the 
demands of his hobby been employed on breed- 
ing for utility, we should now be in possession of 
birds which would stand upon the same plane 
as the Shorthorn among cattle, the Lincoln 
among sheep, and the large White York among 
pigs. We may take one instance in ^int. The 
B)»hma [67, 68] came to us from the East a raw% 
ill-fashioned fowl, as distinct from the bird of 
to-day as toe Aberdeen Angus bullock is from 
the buffalo ; but the amateur put his back into 
the work of selection, and obtained a marvellous 
result. Had he proposed to convert the new 
breed into a table or la 3 ring fowl of great ex- 
cellence a few years would have sufifio^ r but 
he determined to introduce a superb form of 
feather marking and colour, and he succeeded, 
although the time occupied in the process was 
necessc^y much prolonged. 


The Value of Crossing Breeds. It is 

probably quite correct to assume that the best 
layers, omitting the few birds which have been 
bred on the principle of selection, and the l>est 
table fowls are the result of a cross betwcjen two 
pure breeds. Successful production largely 
depends on constitution. Pullets bred from two 
inferior laying breeds — like those the produce of 
parent stock not remarkable for its vigour on 
either side — are hardier and lay better than the 
hens of those breeds. Crossing provides a fillip 
to the constitution of the produce. The Dorking 
[7, page 4865, and 71], like the Brahma, is a 
layer of the second class, but pullets produced 
by crossing the two breeds lay better than either. 
The Fl^ohe fowl [18] is delicate in constitution, 
and although a layer of large eggs, those eggs 
are not very numerous. If, however, we cross 
the Fldche with a breed of similar character, 
we obtain hardy birds, and a larger number of 
eggB. Thus it is that for some years a newly 
nianufaotured breed like the Wyandotte [18], 
the Plymouth Rock [12], or the Orpington [141 
does good work. It is the product of a variety of 
crosses; it draws upon the constitution of each 
breed employed; it is hardy, fertile, and pro- 
ductive. In course of time, however, it follows 
the example of breeds which have preceded it, as 
the Cochin [70], the Brahma, or the Spanish [65], 
and unless sustained by selection and the conse- 
quent introduction of blood intended to maintain 
itB constitution, and to improve its productive 
powers, it loses its utilitarian properties and is 
lost in the crowd of useless breeds. 

Purity of Breed Unneceaeary. Let 
us next point out what is involved in the 
selection of breedii^ stock for the production of 
eggs and meat. The breeder may determine 
to adliero to a pure breed, or he may discard 
sustained purity altogether and make his selection 
from what source or sources he chooses. There is, 
however, no object in sustaining of 

breed. The egg from a highly-bred Indian Game 
[81, page 4951] hen is no more valuable than 
that from a l^m-door fowl. The cross-bred 
Dorking Game capon is equal to a capon of any 
pure race, and infinitely superior to the groat 
majority, and the remark applies to the table 
bird of every class. 

Thus far the way is clear. How, then, should 
toe breeder start ? If he desires to obtain eggs 
his course is clear — ^he should strike out a line for 
himself and follow it with pertinacity. He will 
purchase large-framed hens of a breed or colour 
to suit his taste, taking care that they have not 
passed their second year, that they are in robust 
condition, and that they are, as far os he can j udge 
or ascertain, layere of a large number of buff eggs, 
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lor the pablio prefer » tinted to a white egg. 
Stnoe the eetabfishment of laying eompeiitions 
a number of breeders have made a point of 
testing their hens and recording the number of 
eggs they lay. Trap nests, which close auto- 
matically as the hen enters, are employed. She 
is liberated by her owner or his assistant and, 
being recognised, is credited with the egg she has 
laid. By this means it becomes possible to 
select the best layers from the flock, and to retain 
them for the next seascm^s breeding. The male 
bird intended for mating with these hens should 
be a son of the best-known layer, ocmditionally 
ppon his beh^ typical and full of lusty life. 
Size is not so important in the case of the cock 
as of the hen ; but he should be above the average. 
The larger the hen the laiger the egg — although 
the rule has exceptions — and 
oonse<|uently the lazger the 
chicken. As the 
practice pro- 
ceeds it will be- 
' come a natural 
method of pro- 
cedure to select 
the cockerel in- 
tended for stock 
from the produce 
of the best laying 
hen, and so on 
from yearto year. 

Value of the 
Cockerel • As 
the practice of 
utilitarian breed - 
ing extends 
buyers will be 
much more will- 
ing to pay £10 
for a cockerel 
the produce of 
a hen which has 
laid 260 eggs within her year tlian for a show 
bird of great perfection. Cattle have realised 
thousands of pounds, and slieep over a thousand 
guineas a he^ solely for the reproduction of 
sttKik intended for beef and mutton. It is among 
poultry alone that we find animals intended by 
nature as food producers, bred and fed to please 
the eye instead of to satisfy the palate. Why, 
then, should not the poultry breeder make 
utilitarian production his aim ¥ 

Some Ueeleaa Breeds* It is important 
to guard against imperfections. For example, 
biros of small size, whether they are of pure 
breed or no breed at all, must be avoided ; the, 
hens produce small eggs, while chickens 
provide but little meat Again, birds of those 
varieties which have lost every utilitarian 
qualification — if, indeed, they eyer possessed 
any— are equally useless. We refer to the Polish 
[ 6 , 81 , and 82 ], Sultans [ 80 ], Spaaisfa, CoeWs, 
Aseels [ 40 , p^e 5089], and all breeds of similar 
type. Nor is it quite worth while to risk the 
Leghorns [28], much as they are praised, for the 
reason that they are undersized, and tlierefore 
littb adapted to the prodaoti<m of an abund- 
ance of meat or of ^jgs of large size. 
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Buying £gga by Wnigbt* It should be 
remember^ that if eggs are not bought weight 
directly from the producer in our own coun^, 
the practioe obtains in Denmark, where egg 
culture is ^lore highly organised than in any 
other country in the world, and with time it is 
certain to l^ome general. In British trade 
the larger the egg the higher the price the 
retailer pays for it, although he seldom makes 
any reduction in his charge when his goods are 
small. The producer, however, who seeks to suc- 
ceed will make a point of charging higher prices 
to his private customers for the large eggs he pro- 
duces, and he should aim at excluding anything 
weighing less than 2 oz., or eight to the pound. 

Pointn About Table Fowls. In the 
case of table fowls, every bird intended for stock 
should be rigidly subjected to examination, 
and, so far as is x>ossible, some recent history 

of h&r ancestorE 

should be ob- 
tained. Although 
buyers are not 
so prejudiced 
against coloured 
skin and feet as 
formerly, white- 
ness of both 
should be as 
sured, for skin 
tinted like the 
palm of a lady's 
hand is preferred 
by the high-class 
dealer, the cook, 
and the lover of 
a delicate part 
of the carcase. 
Whiteness 
usually indicates 
quality, espe- 
cially in the 
Dorking and the English Game [41]. Again, 
the breast must be straight, broad, and deep, 
that it may carry abundapee of fine meat. 
A table fowl, in a word, should be large, white- 
skinned, and fully developed in those parts 
of the carcase where the most tender meat is 
found — the breast, merrythought, and wing. 
Such birds carry much less offal than the inferior 
table breeds, such as the Cochin and Brahma, 
both of which possefw large frames, with a 
correspondingly small quantity of meat, while 
the bones, skin, and intestines weigh much more 
than they should do. 

Avoidance of Inferior Birde. Now, it 
is evident that if we would ensure quantity 
end quality of meat we can only obtain it 
by following the practice already suggested-— 
selecting our breeding stock on both sides from 
^ong those birds which are specially excellent 
in relation to both qualifications. Nothing should 
be left to ohan^. To use an inferior bird -is to 
court certam failure. In all cases, however good 
rile parent stock may be, we are certain to obtain 
a large percentage of second-rate specimens. 
How much more unHkely it is, therefore, if 
we breed from stock which possesses few. 
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if any, essential qualif leaf ions, that wo should infertile eggs in the very e^rly months. Simi- 

obtain any nroduce adapted to our particular larly, the females should he ear^ pullets, although, 

purpose. ^ if laying hens a year older are obtainable, so much 

ChIcKens Should bo Hotchod Early, the better, for the re^ns that they produce 

In breeding for market or egg-production it stronger chickens, while their eggs are larger, 

is highly essential to hatch the chickens early. Early hatching neoes^rily involves more trouble 

The ordinary poultry-keeper makes no special in feeding, in protecting, and, generaUy sj^aking, 

in:ovision in this direction. He sets his hens in rearing the chickens, since the weather is much 

in March, April, and May, and sometimes less suitable to their requirements than in spring 

even in June, with the result that the pullets and summer. What, however, has been so success- 

do not arrive at maturity before the arrival of fully overcome by the cattle and sheep breeder 

cold weather, and, consequently, they do not can be overcome by the poultry- breeder, who will 

l>egin to lay until Febniary or March in the supply special foods and provide the necessary 

following year. Thus a bird hatched in May warmth and shelter. Hero, too, we notice the 

must be fed for some nine months before she value of the stress which we have laid upon the 

l)egins to make any return. Her first laying importance of constitution, for weakly stock will 

year is probably in such a case confined to six produce still more weakly chickens, which, if 

months, inasmuch Jis the moulting season arrives hatched, will only die. 

with July, and after moulting few hens lay Avoid Late Spring for Table Birds, 
with any rospilarity until early spring once more It should now be quite clear to the reader that 

arrives. It is, however, quite uneconomical to for the purposes of egg-production young stock 

ko(ip hens after the moult. They should be sold must be hatched early. It is, however, equally 

with its arrival, when they are usually in good important that chickens intended for the tablfi 

condition ; otherwise they may - should be early. As we have seen, 

have to be kept for six months at majority of the poultry, 

a cost which will excci'd in value keepers of the country hatch their 

the return they make in eggs. * chickens in late spring, 

A laying hen among with the result that the 

ordinary stock is markets are crowded with 

not worth keeping table birds from Septem- 

after she has com- forwards, and prices 

])leted her first \gy / consequently low, so 

year’s egg • pro- low that the profit realised, 

duction, and that if any, must be too small 

year is assumed to pay for the trouble in- 

to l>e as nearly - volved. High prices are 
as possible twelve ^ ‘'•Jf ' “ only obtainable when the 

months. In other ^ poultry- market is poorly 

words, from the .■ * supplied, and this is the 

time the pullet ^ :~S' ' ‘ case between March and 

begins to lay —some y . although imported 

six months after 82. silver POLisn birds to a large extent fill 

hatching, although up the gap. No chickens, 

the iwriod may bo slightly more or less — until however, can equal the beat home-bred and fed, 

she l)egins to moult as a young hen she should and those who produce the best will, we con- 

prfjdiico her maximum yield. That yield we fidently believe, always be able, to obtain 

estimate to average throughout the country 80 remunerative prices during the season. To 

hut in the hands of capable people, pullets supply the April and May market chickens 

spt^cially bred from selected stock will lay from should be hatched in December and January, 

150 eggs upwards if they have been hatched and finished with the cramming process, by 

very early. In competition, 250 eggs has been which moans a large addition will be made to 

reached, and in many cases from 200 to 220. their weight in from two to three weeks. It is 

The Use of the Incubator. If hens essential, however, that they should be of the 

for the purpose of hatching are unobtainable, right blood, inasmuch os birds of the lean and 

tile incubator must be used, and the stock birds small breeds do not appropriate the food sup- 

having been mated by the end of November, plied to them with the same excellent results, 
eggs should be obtainable by the first week of Egga for Hatchlnc. It is important to take 
tfaiiuary, and work liegun. It is, however, wise carein the selection of eggs for hatohing. A small 

to keep a good stock of young birds specially bred egg cannot produce a large chicken. An abnor- 

or purohfti^ for sitting — Dorkings, Wyandottes, mally largo may contain a double yolk, and 

Plymouth Rooks, Cochins, Brahmas, Chrpingtons, so fail to produce a normal eWeken. Malformed 

or crosses between any of these breeds. They eggs, and eggs the produce of pullets during the 

must necessarily have l^en early hatched in their week they first begin to lay should also 

turn, because they will not begin to sit until rejected. We strongly advise the breeder to make 

they have laid a batch of eggs. The male bird a point of rejecting all eggs which fall below 2 oz. 

used should be an early- hatched oookerel, for in weight, while making every effort to obtain 

if an older biid is chosen there may be many as many as possible which approximate to 2} ox. 

Continued 
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By Professor R. ELSEY SMITH. 


wcM'k ol the internal plumber is mainly con- 
* neoted with the supply of water to the building, 
its distribution to the various fittings by means of 
pipes, and the installation of these fittings, with 
the neoessary precautions to prevent damage 
to the building ti-om overflows or other accidents. 
The work includes the preparation of some fittings ; 
but, for the most part, fittings are supplied by 
special manufacturers to the plumber complete, 
with mstruotions as to fixing. The principal tools 
used by the plumber have idready been described 
[page and we may proceed, therefore, at once 

to uie important subject of pi[ies and joint-making. 

The pipes used by the plumber are either of lead 
or iron for most purposes, though copper pipes 
are also used. 

Lead Pipes. Lead pi'pes produced by hydraulic 
machinery are known as drawn, pipes, and are in 
almost universal use. Pipes having the same in- 
ternal diameter are drawn of various thicknesses 
of metal, and are described by their weight per 
yard rim. The following table gives the approxi- 
mate weights of pipes of various diameters Known 
as strong, middling, and light \ but these weights 
are hot uniform.’ The requirements of different 
water comoanies are apt to vary as to these 
weights, and should always be carefully ascertained 
before work is begun. 

W«l(htfi In poiinda per yard rwn. 

Internal 

diameter. 

Btroitff. Xlddling. 


12 

lOl 

16 

14 

18 

16 

24 

21 


Strong pipes are required for all pipes charged 
from companies’ mains, and in cases where a 
considerable head of water exists in service pipes. 
Middling pipes may be used for ordinary service 
pipes and for waatos. Light pipes are principally used 
for overflows with open ends and for services in 
inferior work. 

Iron Pipes* Iton pipes are very generally 
used for the rising main conveying the water from 
the water company’s main to the cistern, and 
may be used for service pipes ; they are also 
used for all hot- water services. They may be 
the ordinary black pipe, but such pipes are apt 
to rust intmally and to discolour water passing 
through them, consequently galvanised iron pipes 
are preferable. The pipes used are known as 
tDrtmght-iron wdded steam tubing; the ends are 
screwed, and union sockets are the most convenient 
as aUowing of ready disconnection [ 2 ]; but pipes 
with socketed ends are also used. Tees, b^ds, 
sockets, reducing sockets, angles, etc., have to be 
provided for ftt^ng up the pipes, and they may be 
fixed to the walls ny means cf wall hooks. Patent 
clips are also used. Ikese are pinned into the woO, 


and have a ring, hall of which is hinged so that the 
pipe can bo inserted and then mripped, and it is 
thus held a short distance from the wall face. Cold 
pipes may be fixed against woodwork with an iron 
or brass band passed round the tube and screwed 
to the woodwork [11 ; but no hot- water pipes should be 
in contact with woodwork. The joints in iron pipes 
are made with some strands of tow and red lead as 
packing, and are screwed up ti^tly. 

Copper Pipes. Copper pipes are used in very 
high-olass work, and also have screwed ends ; the 
unions, elbows, etc., are made in gun-metivL The joints 
may be made with graphite or with red lead. Where 
used for hot water, pipes should not be so rigidly 
fixed that tliey are not firee to expand and contract; 
and in positions where the necessary fixing pre- 
cludes the possibility of the pipes having such play, 
a loop may be formed in the pqio to permit of such 
movement. This is a better arrangement than any 
form of ordinary exjiansion joint for service pipes 
under pressure. 

Jolntlni^ L«ad Pipes. There are various 
methods of jointing lead pipes ; of these the wiped 
joint is perhaps the most usual plumbers’ joint, 
but the copper hit joint and the hhwn. joint are useful 
for many purpos^ In preparing for making the 
copper bit joint, the bit itself, which is of the hatchet 
form [67, page 5030], must be properly tinned. 

Tinning copper bit consists in covering the 
end of it with solder, mving it the appearance of 
being tinned. This is done with the same flux as 
is to be employed in the work to be soldered. For 
lead work this is usually btojck resin : for iron, brass, 
copper, etc., killed spirit is used — this consists 
of spirits of salts into which has been drojppod as 
muon zinc as it will dissolve. The end of the bit must 
be filed perfectiy clean and free from any smoke or 
grease ; a small tin plate has a little powdered 
resin placed upon it, tke bit is heated, and a little 
fine solder melted from a stick and dropped into 
the pan; the nose of the iron is tlien rubbed in 
the mixture and becomes (covered with solder, and 
is ready for use. Where killed spirit is to be em- 
ployed, the heated iron is tinned by dipping the nose 
for a moment into the spirit and then touching it 
with a stick of solder. The object of the tinning 
is to prevent the iron becoming oxidised during 
heating, which would prevent the perfect contact 
between the bit and the solder which is essential, 
and if the bit is heated red hot so that the tinning 
is destroyed it must be re-formed. 

Iron, Wass, and copper must be tinned before 
soldering. The surface is very carefully cleaned and 
afterwards painted over witli the kilM spirit, and 
fine solder is applied to it with the heated iron and 
becomes amalgamated with it. 

MaRIng ^pper Bit Joints* The two lead 
pipes to be joined together must be difiorontly 
treated. The upper end of one pipe must be opened. , 
This is done by first cutting the pipe squarely aoms 
wi^ a saw and cleaning ofi any roughness from 
the inner edge ; a tumpin [70, page 5030] of suitable 
shse is selected and wetted and then placed truly 
in the opening of the pipe and struck squarely with 
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the mallet so that it is driven downwards, enlarging 
the end. If the pipe shows signs of splitting, the e<4[e 
is beaten with the mallet to thicken it. After it 
has been opened and the outer face soiled, the inner 
surface is carefully cleaned all round with a shave 
hook and touched with a tallow candle. Care must 
be taken in shavinv to take off only just sufficient 
metal to ensure a bright surface, but not so much 
us to reduce the thiclmess a]>preciably. The lower 
end of the upper pipe is prepared by rasping it all 
round to a bevelled form so that it will fit into the 
funnel-Bhaf>od end of the lower pipe [ 4 ]; this must be 
’ carefully and evenly done, otherwise during solder- 
ing the solder may pass between and adhere to the 
inside and form an obstruction within the pipe. The 
pipe is afterwards soiled and shaved. In making the 
joint the two pipes mast be rigidly fixed so as to 
prevent their moving. For many pur]K)8es a wooden 
cramj) [5J is serviceable, which will grip the two pipes 
and hold them in position ; but in some cases a 
couple of chisels driven into a wall may be used. 

When the preparations are complete a little 
black resin is put in the space between the two pipes 
and with the prepared bit a little solder is melted 
off into the joint all round — the nose of the iron 
is run into the solder, and this is floated round by 
drawing the hot iron right round the joint, leaving a 
smooth, true surface. 

A blown joint is prepared for similarly, but in 
making this joint the blowpiiKs is used to melt the 
solder in place of the iron. A spirit lamp or a bimdlo 
of rushes is used to provide the flame, itesin is placed 
in the joint, and the blowpii)e is uscS to heat the 
lead of the pipes till it is hot enough to melt the 
solder without affecting the lead. The joint is then 
touched with the solder stick, and the solder melted 
off into the joint. Its tenifiorature is maintained by 
the blowpipe till the whole of the solder flows and 
unites with the lead, and the joint is then complete. 

These joints are si^ecially serviceable for jojning 
up lead pipes to unions and in similar positions 
where it may be necessary to pass a lock-nut over 
the joint, which would be imiwjssible with an ordinary 
wiped joint. 

A variation of this form of joint is the ribbon 
joint [6 j, in which a band of fine solder is formed round 
the joint about an inch broad and projecting ^ in., 
which makes a strong, neat finish. 

A joint made in this simple form is not desirable 
in making the joints of soil or light ventilation pipes, 
as the piping is not strengthened by it as it is by a 
wiped joint. 

Jointing Soil Pipes. External soil pijjes 
may, however, be formed with such a joint ; the 
lietvd of the lower pii>e is opened rather wide to 
allow of a rather thick soldered joint, and the joint 
is finished with an astragal moulding immediately 
lielow [7]. These moulc&ngs may be out out of a 
small lead pipe, or oast and bent round and soldered 
to the pi|)e. A similar astragal is added below the 
tack, and makes a very neat finish. Sometimes the 
socket is oast, including the astragals, and the pipes 
bot^L above and below are soldered or burnt to it. 

Wiped Joints, pipes are prepared in a 
similar manner for a joint that is to be wiped, but 
rasping of the upper pipe is made a little longer, 
and the two pi^ must be shaved for a longer 
space than in tiie previous case. The extent to 
. which the shaving is carried regulates the length of 
the joint, and this varies with the diameter of the 
pipes to be joined. For a I-in. pipe, the length of 
the complete joint should be from 2^ in. to 2} in. ; 
while with a large pipe, fi in. or 0 in. in diameter, the 
. length may bo from 34 in. to 4 in. 
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In making underhand joints [ 10 ] — that is to say, 
joints that are horizontal or slightly inclined, the 
soiling does not require to be carried so far beyond 
the shaving line as in the cose of an upright joint, 
but should extend at least 3 in. 

In all cases where pijies are horizontal, or nearly 
BO, the joint must be made so that the rasped end 
of the one pipe is inserted into the opened end 
in the direction in which any li(|uid in the pipe will 
flow so that the edge of the pipe shall not form 
any obstruction. This is particularly important in 
the case of a soO pipe or any pipe in which there 
may be solid matter in suspension in the water. 

A pouring-atick is required for getting solder to 
positions difficult to reach otherwise, and is a strip 
of deal about 1 ft. long, with a groove down the 
centre, the end shaped like a scoop. 

A aplaah-atick is a thin strip of wood, shaped with a 
handle [8]. unless solder is to be used so hot that it 
will hum and smoke ; in that case iron may be used, 
but care must be taken not to scrape the soil from 
the lead in using it. 

Cloths are essential for wiping joints, and the 
host are made from moleskin or fustian repeatedly 
folded so as to give a thickness of from six to 
ten folds, and sewn round the edges. Several of 
these are.required for dealing with joints on pipes of 
different size. A little melted tallow is poured 
on to one side of the cloth, and this prevents the 
solder from sticking to it. The cloth is well warmed 
just before it is used. 

Wiping Underhand Joints. I« making 
underhand joints the cloth is held in the left hand, 
and the ladle, three parts full of molten solder, in the 
right [lO]. This must be at the proper temperature, a 
knowledge of which is best obtained by experience. 
It may, however, be gauged by inserting a little 
piece of newspaper into the solder, which should 
brown quickly without burning. The solder ia 
poured lightly on to the joint, the ladle being moved 
to and fro and from side to side ; it is also poured 
on to the soiled part at each end to warm up the 
lead to the temperature of the solder. The clotli 
is held so as to catch the solder as it runs off, and 
to tin thoroughly the underside of the pipe. The 
cloth, like the ladle, is kept moving, and the solder 
gets into a uniform soft condition m>fore it sets too 
firm, and is roughly shaped and should be nearly 
of the same consistency throughout. When this 
stage is reached the ladle is put aside, and the 
joint is at once shaped with the cloth, beginning 
at the edges next .the soiling, where there is least 
thickness of solder, and finishing on the top ; the 
cloth may be passed from the left hand to the 
right to get all round the joint. The surface may 
be finished by passing the cloth lightly all round 
the joint to give it a smooth and even appearance. 

The iron, which must be perfectly clean and well 
heated, may be used in wiping the joint if necessary, 
to heat up the solder arter the required amount 
has been formed on the joint, the iron being kept 
a little in advance of the cloth. 

Wipinx UprUbt Jointa. In wiping upright 
joints, a coUar must be placed round the lower 
pipe to catch the solder ; this may be formed ef 
sheet lead cut to a pear shape, with a central hole 
the size of the pipe, and a cut from the centre to the 
point [ 8 ]. This is fixed round the pipe, the two points 
being drawn past each other — this giving a slightly 
cup shape — and folded over to secure the collar. 
The surtace and edges are well sofled, and a piece of 
stout twine may be fixed two or thr^ times round 
the pipe as a support to the collar, the surface of 
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which should bo only slightly mclinod. A little 
dust is sprinklod in the bottom of the collar to stop 
up any amrtures. 

The smder cannot be poured on to an upright 
joint, but is splashed on with a splash-stick as evenly 
as possible all round the joint, and is worked as 
nearly as possible to the sha|)e. Any metal that 
drops down must be pushed up with the stick, and 
some solder must be splashed on to the soiling above 
the joint to warm the pipe ; that which droi>s down 
on to the collar will warm the lower pipe. When 
the requisite amount of solder is sphuthcd on and is 
of the right temperature, the cloth, which is well 
heated, is first hxKen in tlie left hand, and first the 
top, then the bot tom, and then the centre of the joint 
is rapidly wined round on one side, and afterwards 
the other sicte is done with the cloth in the right 
hand. As in the ease of the underhand joint, an 
iron may b<^ used, if necessary, to heat up the solder 
for wipiug. 

Overcast Joint. A wijxed joint may be over- 
coAt This consists in wanning up the sold<ir with an 
iron ; then the neck of the iron is drawn up and down 
over the surface, so as to form a series of facets { 9 J. 
The object is to re-melt the solder, and if it is eelhiliir 
and porous, which coarse solder is li/ihle to become, 
to fill up the pores, and to get rid of any irregularities 
in the Burfaco. The result is to give the joint a ribbed 
or strijied api>earance. 

A branch joint fll j i s one uniting the end of one pipe 
with the side of another at an angle, and it is not 
essenii il that the two pipes should bo of the same 
si/.e ; it is desirable, especially in the ease of all 
pil>es in which solid matter as well as licpiid is 
carried, that the angle made between the two pipes 
should not be a right angle, but should be one to 
secure an easy flow. In the case of water services, 
however, it is often necessary to use a right-angled 
junction, and, if well made, there is no serious 
objection an the case of pipes under pressure, (freat 
care must bo given to the fitting of the joint, and on 
no account should the spigot end of the branch 
be allowed to ]>roject into the bore of the main 
pipe; neither should its end be enlarged and fitted 
over a socket formed on the main pipe, but it must 
be rasped to fit accurately within such a socket. 

The socket is formed by j)erfora ting the main j>if>e 
at the side, and with theftoZ/ 1 74, page 5030] working 
up the lead all round in the form of a socket, whieli 
will receive the spigot end of the branch. In the case 
of a right-angled junction, the socket will bo circular, 
but with ah oblique junction the socket will be 
elongated ; the end of the branch must be kept well 
up to ensure that it shall not interfere with the 
flow in the main pipe. The two pipes are seourelv' 
fixed in position, and the solder is then worked oh 
with a splash-stick and wji>od much ns in a vertical 
joint ; the solder must be splashed over the soiled 
end of the branch to warm the lead. 

The taft joint [i$t] resembles in its form a oop)ior bit 
joint, but ie a wiped joint made in coarse solder, and 
can be made by an unskilled workman. The lower 
pipe has the end opened with a tumpin, and then 
to/frd bock with a mallet to form a flange ei^er 
?airvod in section or sometimes flat in the top. 
riio spigot end of the other pipe is fitted by rasping 
It, and the joint is then made by splashing on the 
wider and wiping it. 

The flanged taft joint [18] resembles the lost, but has 
a flan^ of lead formed under the tafted edge, and 
Inelud^ in the joint. This is useful whore a pipe 
is brought through a floor, which can be used as a 
iupiK>rt to it. 
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The Block Joint. The block joint [14] is 
another form of joint closely allied to the last, 
and is used where tall soil or other pipes have 
to be supported in a chase. A block of wood, 
usually 3 in. thick, is built into the wall, and 
perforated so that the end of the pipe can be 
passed up through it ; the upper side of the block 
is dished, or slightly hollowed, and a lead flange 
is dressed down into the hollow, and is perforated so 
as to just fit round the main ]>ipe, and the surface is 
soiled beyond the line of the joint. The upper end 
of the pipe is shaved, passed through the flange, 
and then opened out with the tumpin, and Sie 
inside shaved ; and the upi)er 'pipe is prepared ns 
usual, taking care to shave it for a sufficient distance. 
The solder is then splashed on, and the joint wiped, 
the Joint and its sup'jKirting flange forming one 
solid piece of work. 

Elbow Joints. When a sharp btmd is required 
in n pipe it may be produced cither by rutting the 
pi]je or by bending. The latter is more usual , and 
in many respects better; but a mitred €tbow\i^\ may 
be used in rainwater work, and if fixtjd in the riglit 
direction, even in certain positions in a soil pii»e, 
though it is better to avoid its use. In making a 
right-angled bend a plumber's mitre block [15] is used, 
and a V-shajXid piece cut from the pii)e. One of 
the ed^^H is dressed up so that the other will fit 
inside it, and the pipe is then soiled all round for 
some distance beyond the eiit on each side. The 
edges of the cut are shaved so ns to give, when 
closed, a joint about 1.V in. wide ; the joint is then 
bent np. but must not be bent backwards and for- 
wards or the head may crack ; it is temporarily 
secured in position, and the sides of the joint am 
closed, and the joint is then wiped. 

Bending Pipes. Considerable skill is re- 
quired in this operation. The principal danger in it 
is, first, that the pipe may be crippled at the bcnd~« 
that is, the bore of the pipe may be reduced in area ; 
and, secondly, that the thickness of the lead itself 
may become reduced, especially at the lieel or outer 
side of the bend, and the load in consequence be 
w’cakoned. 

In making a bend, the pipe must be heated at the 
point where the bend is to l)e made ; a mandrel fl7J 
is inserted into the end, and the }>ipe is then pulled 
round till the throat or inside of the curve is slightly 
dented. A hot dummy is then inserted in the bend, 
and the throat knocked out till quite round again; 
in the sides, if they are inclined to spj-ead, are knocked 
with a dresser, and the lead from the throat is worked 
round towards tlie hed^ or back of the curve, so that an 
even thickness of lead is maintained all roimd the pifie. 
This operation of heating and bending the pipe is 
continued till the required bend is arrived at. but it 
must be a gradual, not a sudden process. 

Sand and* Water Bending. Sand is 
sometimes used in bending, and is serviceable for 
long, easy bends. The pipe is filled with san^ whicli 
is ihoompressible, the sand at the point where the 
bend is to be made is put in hot, and the pipe may 
be pulled round and dressed. Water may be useS 
in the same way. One end of the piw is closed, the 
other fitted with a stopcock, and the water is run 
in hot till the pipe is full. The pipe may then be 
bent and dressed, but this must be done l^fore the 
water has time to chill down, or it will contract. 
Should this occur, some additional water must bo 
run through the stopcock, 

Bandiag witli Bobbins* This is used for 
small pipes. The balls require to be a trifle less in 
diameter than the bore of the pipe. The pipe is pulled 
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round till it begins to flatten, then the ball is inserted 
and driven through with a short mandrel, but great 
care is necessary not to drive it through the lead [18]. 

Where a twisted bend occurs in a boU pipe, care 
must be taken not to allow any part of tne pipe 
to become horizontal, but a regular fall must be 
secured throughout all ports of it. 

Fixing Pines. Pipes that are to be fixed ver- 
tically are fixea by means of tacka [7] ; these are small 
sheets of lead, which may be plain or treated orna- 
mentally. They are soldered to the back of the pipe, 
and project on one or both sides. The edge of the 
tack is rasped so as to lie against the pip^ and then 
soldered on. These may bo soldered in pairs, 
one on each side of the and the lead used 
for such tack should be slightly heavier in quality 
than the load of the ])ipe itself. A heavy ten-foot 
length of pi|)e may be supported by two pairs of 
tacks or by three single tacks placed right and loft 
alternately. Ornamental tacks are sometimes cast 
in a mould and soldered to the pipes in the same 
way, and lead ears are also employed 1 19 j. These are 
less in depth, and not so strong, but may be treated 
in an ornamental manner. Both tacks and bars are 
secured to the wall by spikes, and the edges of tacks 
are somctiineH out and rolled in a spiral form as an 
ornamental treatment. Service pipes may be 
supported by small tacks ; these are secured to the 
walls by nails or spikes. 

Fixing Horlxontal Pipes. All pi)ies, 
whether service or waste pi|)es, should be hxca with 
a slight fall, so that they may on occasion be emptied. 
They are very often fixed with waU hooks [22] 
placed at short intervals, and driven into the wall ; 
these are liable to indent the pipe where they grip 
it, and do not 8upix)rt the intermediate parts. 
A better method of fixing is to rest the pipe on a 
boarCr formed of a strip of board. In fixing all runs 
of pipes it is desirable that they should be in situa* 
lions where they are not likely to be readily frozen 
in severe weather ; they shoula be placed, therefore, 
as far as possible, on internal rather than external 

Cisterns. Cisterns can be obtained made of 
various materials — slate, galvanised iron, and lead — 
either oast or used as a lining to a wood casing. 
Slate cisterns are excellent, but heavy and costly; 
galvanised cast iron is the material now in very 
general use for cisterns, which can be obtained in stock 
sizes of various makes, or can be specially made 
to any required shape or size at a somewhat higher 
cost. Certain qualities of water are, however, 
liable to attack the zinc used in galvanising. I^ead- 
linod cisterns can also be made to fit almost any 
position ; they are formed of deal, usually dove- 
tailed at the angles, and may be lined in position. 
For small cisterns, the bottom and sides may 
formed out of a single piece of lead, the angle pieces 
out out and the sides and ends turned up and well 
lapped, and afterwards soldered. For larger oistems, 
the sides and ends are first fixed, and the bottom 
is afterwards inserted, and all the joints are solder^ 
or burnt. The upper edge of the sides and ends 
are turned down over the woodwork. 

l#exd>lifiad SInlUl. These are prepared in the 
same way, and may be lined like a small cistern from 
a single piece of 7 -lb. lead, with soldered angles; 
but it is usual to line the sides first,' and to use a 
heavier quality of load for the bottom, 8-lb. or 
ovon heavier if required to stand hard wear. The 
bottom of the sink should be dfti9Acd<-— that is, slightly 
hollowed, and the outlet for the waste is arrang^ 
at the deepest port of tlie sinking. 
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Lead safes are required in many positions; 
where they ore little liable to interference they are 
sometimes formed simply as a tray of lead, formed ol 
a single sheet, the edges turned up for about 3 in. or 
4 in. and the angles folded over [20]. Such a lead safe 
may be used inside an enclosure to a bath and even 
unaer a cistern, but is easily damaged. A more 
reliable form of safe is one in which the sides are 
dressed up against a skirting, or over a rounded oi 
splayed fillet, and then copper-nailed. It is im- 
iiortant that the sole or floor of such area should 
DO large enough to take any drippings or overflow 
from the apparatus under which it is fixed, and 
the floor should, if possible, have a slight fall 
towards the outlet from the safe, which should be 
taken through the wall to discharge into the open 
air. The end of such a pipe may be fitted with a 
small lid hung vertically and hinged to a brass 
sleeve Boldered to the end of the lead pipe. This 
allows any water to issue from the pipe, but prevents 
air passing up it. 

General Arrangements of Water 
Supply. The connection to the company’s 
iiiains is made by a ferrule or union, and this work 
is done by the company’s own workmen. A pipe 
is taken to a point within the building, and should 
l)e laid in a trench not less than 2 ft. deep as a pro- 
tection against freezing. It is taken up inside 
the building to a cistern, where one is employed, 
and is termed the rising main. At a point near 
the connection to the main a stop-valve is inserted 
to shut off the water, and a liraw-off tap should be 
placed not far above this point, as a means of 
emptying the length of pipe from this point to 
the cistern ; the tap to the scullery sink is very 
usually serviceable for this purpose. The upper 
end of the pipe is turned over the edge of the 
cistern and fitted with a ball- valve. If the rising 
main is of lead it is joined to the ball valve by a 
copper bit or blown joint ; and if the pipe is of iron, 
with a screw union. The hall valve [21] is one in 
which the valve is opened and closed by means of 
a plug attached to a long arm, at the extremity of 
which is fixed a ball, usually of cop|>er. When 
unsupported, this arm falls by its own weight, 
opens the valve, and allows water to pass, when 
the level of the water in the cistern reaches the 
hall it floats on the surface, and, as the water rises, 
is lifted and gradually closes the valve. It must 
be fixed at sumi a level that the valve is completely 
closed when the water-level is an inch or two below 
the overflow level. 

The overflow is an essential in every cistern, and 
provides for carrying off the water should any 
accident prevent the ball valve from completely 
shiittrag off the supply. Were there no such 
overflow the cistern might continue to fill till it 
overflowed round the edges. The overflow must 
be of sufficient size to carry off the water when 
delivered by the rising main at full bore, and as 
this water is delivered under considerable pressure 
the diameter of the overflow pipe should be greater 
than that of the rising main. The best form of 
overflow consists of a strong lead pipe standing 
in the cistern and taken through the bottom or 
side. The upper end is enlarged to the form known 
as a trumpet mouth to facilitate the flow of water 
into the pipe [281. The lower end is taken through 
the wall to discharge into the op^ air, and shoiud 
do so at some point where the discharge will be 
at once noticed, and attention will then be drawn 
to the fact that the ball valve is out of order. An 
ordinary method of making on overflow is to drill 
a hole in the side of the cistern above the highest 



water-level and to oonduet an overflow pipe from 
this. Where this is done the opening should be 
large or it may fail to carry off the water rapidly 
onou|h» as it cannot flow full bore till the water 
has risen above the level of the top of the pipe. 

The cistern should stand in a lead tray or safe, 
already described, and should be provided with 
a cover, and, if in an exposed position, may be cosed 
in with boarding, and silicate cotton or other non- 
conducting material may bo packed round it as a 
precaution against freezing. 

SarviCTO* The pip^ connecting the cistern 
with the various fittings and taijw are termed 
service pij^, or, shortly, services. The size of the 
pipcM used will depend on the number and character 
of the fittings to bo supplied. 

The service to all such fittings as water-closets, 
urinals, and housemaid's slop sinks should l>o 
kept quite distinct from the service to ordinary 
fittings, and it is most desirable that there should be 
an entirely independent cistern to sui)ply this 
class of fittings only. 

Where the cistern is fixed at the top of n lofty 
building it may prove desirable to provide additional 
cristerns at an intermediate level, or at more than 
one, so as to reduce the pressure on the fittings. 

Connecting the Service to the 
Cistern. The servaso pipe must be brought 
through the side or bottom of the cistern, which is 
))erfoi‘ated for this ])ur]) 08 c. This is done by solder- 
ing the lead service j)ij)o to a brass or gun-metul 
vvion 1241. which is provided with a double screw and 
nuts. This is passed through the perforation and the 
nuts arc scitjwed up tight against the metal of the 
cistern, one from inside and the other from outside. 
Where iron pi[>es arc used, the coimection between 
tlio pi])e and union is made with a screw joint. 
If the connection is made tlirougli the bottom of 
the (’isterii, the pipe should stand up inside for about 
2 in., to prevent any sediment collected in the 
Imt/tom of the cistern being drawn into the pipe. 
If necessary, more than one service may bo taken 
from the same cistern. 

Every service should have, us close to the cistcTn 
as possible, n stop-valve inserted [24], but this should 
Ik% if possible, in an easily accessible }>osition. 
This valve allows of a tap being taken off for repair 
without the necessity of emptying the cistern. 
Where a service is divided into two main branches 
it is advantageous to place a similar valve on 
each branch. 

Services are taken by the most i;onvenieni route 
to the various fittings. Care should be taken to see, 
as far as possible, that at no i)oint is there any 
dip in the pipe, or even any absolutely level length 
of pipe, otherwise it is im{K>ssible to empty the 
pii>e completely. Joints in service pipes, whether 
for uniting two pijies in the same direction or a 
main pipe and a branch, are made with wj|>ed 
joints. 

Connecting Pipes to Taps. Draw-off taps, 
ot hib-cocks[7lS\, to be used with load service pij^es 
are provided with a spigot end— generally slightly 
tapered — inserted into the end of the lead pipe, which 
is correspondingly opened, and a copper bit joint is 
made ; the pipe may be screwed to this spigot or 
a connection made by means of a union and nuts. 
Where a tap is fixed at the end of a service pipe 
a short branch should bo wi|ied on and tlie service 
pipe continued for about 2 ft. and turned up and 
closed and soldered over. This end will be filled 
with air, and form an air cushion, which will take 
up any shock due to the sudden check of the 
flow of water when the tap is closed down. 
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Taps are made in a great variety of patterns for 
different purposes and of different sizes to suit 
various fittings, and the sizes of the service pipf^s 
must be adapts to those of the taps they serve. 
Taps are usually in brass or guu-motal, and may be 
eleotroplated or silver-plated. 

The common is arranged to open mid close 

the aperture in the tap by use of a handle turned 
in a horizontal direction, a quarter turn, when it is 
shut, being sufficient to open it full. This is a 
useful tap for low pressure. For work at higher 
pressure screw-down valves are suitable ; these 
may bo quick-tum, which are opened and closed 
by a partial revolution of the handle, but the 
oHinary screw-down valve requires several turns. 
Either of these forms, of which there am many 
varieties, when turned on, continues to run till 
turned off again, and this may lead to waste of 
water. There are various forms of spring action 
valves which are self-closing, but these are apt 
lo get out of order, and require to be held down 
as long as water is required to flow. 

WMtea. All fittings which are required to 
hold water temporarily, and at the same time to 
discharge it readily when required, must be pro- 
vided witli an outlet suitably placed for this 
purpose. This applies to all forms of sinks, lavn- 
tories, and baths, and in all such fittings the outlet 
isarranged in the bottom of the fitting, which should 
1)0 formed so that all water is drained towards the 
outlet, which must ho at the lowest point. In 
some lavatory basins the outlet is included with the 
basin as supplied, hut when not included a brass 
outlet must be provided, and this is bedded in red 
load and fixed lo earthonwaro lavatories with a 
brass unimi and fly nni\21'\, and is provided with a 
stop|)er attfiehed to a chain or raised by means of 
a rod : there may also be a fixed or movable 
cobweb grating to prevent any large substance; 
(‘iitering the waste. The lead wasU^ pipe is wi]>ed 
on to a brass spigot and attached with a nut to the' 
screwed end of tlie outlet, and a lead trap is inserted 
in the waste pipe near the basin. 

The end of the waste pi|)e beyond the trap is 
taken through the wall to deliver into or over a 
gully if at the ground-floor level, or into a rain- 
water head if at a higher level. The outlets from stone- 
ware sinks are similarly treated. In the case of 
Icad-linod sinks the brass outlet is soldered in, but 
in other respects it is similar. Where it is necessary to 
carry a long lead waste pipe down an external wall 
that receives the discharge from a wnshing-iip sink, 
and which is liable, therefore, to be affected by the 
frequent use of hot water, a special expansion joint 
is used. 

This joint is formed by oi>ciiing out the head of 
the lower pipe evenly for a clepth of about 7 in. by 
driving in a mandrel with a rounded end [28]. 'J’h<; 
foot of the upper pipe is also slightly opened, so that it 
just fits into the socket, and a rubber ring is fitted 
over the end of this pifie before it is inserted, and, 
when fixed, the end of tlie upper pipe should ho 
about 1 in. above the shoulder of the socket. The 
upi)er edge of the socket may be protected by a lead 
cap sliding on the pipe. 

Overflows. Both sinks and lavatory basins 
should have overflows, which should be easily 
accessible for cleansing. One of the best forms is 
the standing wetste and overflow combined [29]» which 
cmtails no additional plumbing, but if a separate 
overflow is provided, it must be connected to the 
waste pipe between the basin and the trap. 
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XnpSt TraptAte made in various forma for bath Soil Pip®#* The branch from the water-closet 
sinks and lavatories. They are usually of oast lead, is wiped to the external soil pipe, and must be 

andhave a htamdeaning eye below them fitted with connected to it W an easy bend having a good fall 

a screwed stopper; in many forms the upper throughout [81]. Several such branohes from diffmnt 

end of the trap is trumpet shaped, so that the closets may be connected to the same vertical soil 

bore of the trap is slightly reduced. Any trap pipe, and this should be carried up to form a vtmti- 

employed should be self-cleansihg, and should not fating pipe to the drainage system [see page 7S2]. 

tend to syphon out; but where the pipe beyond the The method of jointing and supporting this pipe 

trap is long this cannot be prevented, except by has been already described ? it is coxmected to the 

the provision of an anti-syphon pipe, taken from earthenware drain as follows : The lower end has 

near the outlet of the trap to the open air. a sleeve of brass or copper with a fianM soldered 

Bath#* Baths are sometimes made provided with to it, and this is insert^ into the so^et of the 

a trapT>ed outlet as part of the fitting; but earthen waire pipe, and made good in Portland 

when there is no such outlet provided, a brass cement [3S]. ^il pipes may also be made in heavy 

outlet and plug and washer must be atttiched to cast iron with soclmts cast on at the sides to 

the opening in the bath provided for it, and fitted receive the necessary branches [84]; the joints are 

with a trap and waste. An overflow should also be made with blue leao, as described onjpage 736. 

provided, and may be a standing waste, as described Antl«#Tphon#f0 PipM* V^re several 
for a lavatory basin, or if a separate overflow closets discharge into the same soil pipe, there is a 

waste is formed in the bath, this must be connected dan^r that the discharge of one closet may, by the 

to the waste between the bath and the trap. sadden reduction, of the atmospheric pressure in the 

Closets. Water-closets are manufactured in a pipe, syphon out the water from one or more of the 

great variety of forms, and it is impossible to dis- other traps connected with it. To avoid this a 

cuss the merits of the various ty^^es in detail in smaller pipe, generally 2 in., is connected with the 

this article. The following points should, however, upper part of each trap on the side next the soil 

be attended to in selecting an apparatus. The pipe, and taken through the wall and wiped to a 

pan should have the back neariy or quite vertical, similar vertical pipe. This may be left open at the 

as being less likely to be soiled, and the water area in top and carried up to the same height as other 

the pan should also be large ; the trap should be com- ventilating pii)es, but it is more usually connected 

pletely cleaned out by a single discharge of the flush. with the soil pipe beside which it occurs at a point 

The principal types of closets now in use are the about 2 ft. above the highest connection it receives 

valve doeet\2^\ and the 'pedestal or voaah-dcmm closet, from a water-closet [81 J. 

including action closets [311 ; the wash-out ’WsLier Supply to Closets* In the (5asc 

closet and the old form of hopper closet ore unde- of valve closets, unless specially required by the 

sirable forms to use, as they readily become foul. water company, it is not necessary to employ a 

The plumbing work connoctm with water water-waste preventing cistern, 

closets consists in taking a water supply to the Water-UHiste preventhig cisterns are manufactured 
closet and in connecting up the outlet to the drain, in great variety; such a small cistern contains two 

and the la tter will bo considered first. The jian and gallons, or, in some coses, three gallons of water and 

trap are sometimes made in one piece, sometimes water is laid on to them in the ordinary way by a 

in two seporate pieces. In the former case the whole small aen^ice pipe, usually J in., and a ball valve [fe]. 

apparatus is in earthenware ; in the latter the trap They aie discharged by pulling down a handle, 

m^ be either of lend or of earthenware. when the contents are at once and completely 

Earthenware traps, if used on a ground floor, emptied ; and when onc^ discharged they must be 

and firmly bedded, may be connected to the allowed time to refill. In selecting such a cistern 

earthenware drain directly with a Portland cement it is well to employ one fitted so that it may 

joint similar to an ordinary drain joint. On an refill fairly rapidly, say, within two minutes; it 

upper floor this is impossible. Messrs. Boulton ‘is desirable also to select a pattern that has no 
have a patent joint which they term mctallo- mechanical parts that will easily get out of 

ceramic, and which allows of a lead soil piiK? order, and one that is not extremely noisy when 

being soldered directly to the spigot end of the discharged. 

earthenware trap. This joint can be used only The sixe of the outlet is regulated hy the distance 
with their closets. Where earthenware traps are the cistern is fixed above the apparatus to be 

to be connected to lead branches the trap may be supplied, and should ensure a 3-gaIlon flush being 

provided with a flanged outlet, the lead pipe having passed into the apparatus within five seconds, 

a similar flange, and the two are secured together The following give the suitable sizes of service pipes 

with cli|)s and screws with a jwckiiig of indiarubber for various heights : under 3 ft. head service pipe 

between them [881. A simple spigot end may be should be 2^ in. ; with head of 5 ft., 2 in. service ; 

formed to the trap; in this case a socket is form^ on 10 ft. head, in. service ; 15 ft. head, l^in. ser- 

the end of the lead branch, and a joint is made with vice ; 20 ft. head, I in. service. The service pipe 

elastic cement A little yam is first dipped into the from the cistern to the apparatus should descend 

hot cement and oaiitked into the joint, and the as directly as possible, and any bends used must be 

cement afterwards melted into it with a blowpipe. easy bends. The connection to the cistern is usually 

Where such a trap is connected to the branch of an maw with a union ; that with the apparatus with a 

iron soil pipe, the joint between the spigot and the rubber cone [811, which is secured to the end of the 

socket of tne iron pipe may be made in Portland pipe, and also the earthenware inlet formed on the 

cement. But whenever such apparatus is to be con- apparatus by wire or stout twine securely twisted 

nected with a lead pipe it k premabto to use a lead round outside the cone ; the inlet on the apparatus 

trap, and to make an ordinary wiped joint between is connected directly with a flushing rim, and the 

the trap and pipe. If the soil pipe is of iitm, the end of water circulates all round the rim, and is discharged 

the lead trap has a sleeve or ferrule of brass or copper from a continuous opening nt its lower edge, so as 

soldered to it, and this is mserted into the socset to dfetribute the water over the whole surface of the 

of the iron pipe, and the joint made with blue lead. apparatus. 

Internal Numbing fdhwcd hy Foundry and Smith Work 
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By HERBERT J, 

RATIO AND AREA 
PropcMiiiioii 63. Theorem 

The ratio of the Ofreaa of two triangles of the 
same altitude is equal to the ratio of their bases. 
For, by Prop. 31, 

The area of a A =, J base x altitude. 

Hence, if the bases of the Aft ftve a and a', 
and h is the altitude, 

Area of first A *. area of second ah H a/h 

\\a\ a\ 

Proposition 64. Theorem 

If two triangles Mve one angle of the one egnal. 
to one angle of the others the ratio of their areas 

is equal to the. ratio 
^ of the products of 

£ the sides containing 
\ the angles. 

I I Let Aft AB(^ 

^ y/ c D £ DEF have L.h 

= Liy. 

It is reciuired to prove tliat 

aabc : ahep : : ab . ac : de , df. 

Proof. Place the ADEP on the A ABO sr* 
t hat D falls on A, DE along AB, and DF along 
AC. Let E', F' 1)0 the new positions of E, F. 
Join OE'. Then 

aabc ^__AABC ^ aabg aace^ 

A DEF A AET' a ACE' A AET'’ 


^BC A ACE' 
A ACE' A AET'’ 


_AB ^AC ,p. AB.AC 

AE' AF' ^ ' DEiDF' 

Proposition 65« Theorem 

The ratio of the areas of similar triangles is 
equal to the ratio of the 
squares on their corre- ^ 

spending sides. /\ q 

Lot ABC, DEF be / \ K 
similar As. / \ / \ 

It is required to L \ / \ 

prove that ^ C £ F 

aabc : A DEF : : ab^ : de^. 

Hie ^A= ^D. 

• aabc AB.AC 
■ ■ A DEF DB. DF 
Blit, since the As are similar, 

UE Dr 

. ^ABC ^ AB . AB ^ AB^ 
•‘ADE'F DE.DE DE^* 
Proposition 66. Theorem 

The ratio of the jreas of similar rectilineal 
figures is equal to the ratio of the squares on their 
corresponding sides. 

o LetABCDE,FGHKL 

_ be similar figures, in 

^ which AB and PG are 

\ corresponding sides. 

J \^_/ It is required to prove 
^ ^ ^ that 

Pig. ABODE : fig. FGHKL : : AB^ : FG^ 


ALLPORT, M.A. 

Proof. Since the figures are similar, the 
Aft ABC, ACD, ADE are respectively similar 
to the As FGH, FHK, FKL (Prop. 62. Oor.), 

.-. AABC : APGH : : ab* : FG* (Prop. Oo). 

AACD : afhk : : ac- : fh* 

A ADE : afkl : : AD* : fk*. 

But, since the figures are similar, the ratio.s 
AB : FG, AC : FH, and AD : PK are all equal 
{Prop. 62). Therefore, by addition. 

Fig. ABODE : fig. FGHKL : ; AB-’ : FG *. 
(Jorollarg i. Let n, A, c ho three siraight 
lines in proportion. 

Then, a I 6 ; ; /) : »•, / x^\ 
so that, hr =r. ar. / \ / ^ \ 

Now, let similar ^ 6 c 

tiguves X and Y ho tlrawn on <( h as (jone- 
sponding sides. 

Fig. X * tig. Y ! I o ' ; ; or, ; ; « ; <•. 

Hence, if throe straiijM lines are proportionals, 
and similar figures are drawn on the first and 
second as corresponding sides, then, 

Fig. ou jivst ; fig. on second *. \Jirst ; third. 

CoroUnrq 2. Lt^t 

y — AB : CD ef ; gh. 

X ^ \ corre- 

^ ^ spending sides, draw 

similar figures P, Q ; 
^ and, on EF, GH as 

^ 1 corresponding sides, 

^ ^ G H draw similar figurt's 

B S 

Then P : Q ; ; AB2 : CD*. 

ami 11 : H : : kf» : gh*. 




riien p : Q : : ab* : cd*, 

and 11 : s : : EF* : GH*. 

But, since the lines are proportionals, 

AB* : CD* : : EF* : gh*. 

.'. p : Q : : 11 : 8. 

Hence, if four siraight lines are propwtiunals, 
and a pair of similar figures is drawn on the first 
and second as corresponding sides, and also a 
pair on the third arid foiuth, these figures are 
proportionals. 

Proposition 67, Theorem 

The rectilineal figure described cm the hypotenuse 
of a right-angled triangle is equal to the sum of the 
tivo simitar and similarly described figures on the 
other two sides. 

Let ABC bo a right-angled A, in which C is 
the right angle. On AB, BG, ^ 

CA draw similar figures K, F, 

0, having the sides of the A f Q 
for corresponding sides. I 

It is required to prove that ^ \X 

Fig. P + tig. Q = fig. R. \ f> 

Proof. Since P and R are \ 
similar 

P BC* , 

“ ABi {Pfop. <«i), 
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8iuiilarly, 


Q _ CA* 

R AJB** 

. P+Q 

•* R AB^ * 

But, mnce ABO is a right-angled A , 

/. BC2+ CA«-'AB2. 
fig. P + fig. Q = fig. R. 
Proposition 68. Thoorem 
Ptolemy’s Theorem 
Tht rectangle contained by the diagonals of a 
quadrilateral inscribed in a circle is equal to the 
sum of the two rectangles contained by its opposite 
sides. 

Let ABCD be a cyclic 
quadrilateral. 

It is required to prove that 
rect. AC . BD — recfc. AB . CD 
+ roct. BC . AD. 

Proof. Make the L ADE = 
.lBDC. 

The Z.DAE- lBBC in the 
same segment. 

As ADE, BDO are similar. 

AD : AE =- BD : BC, 
so t hat vect. AD . BC ~ roct. BD . AE. 

Again, since l ADE was made equal to l BDC, 



And 


.AC. 


the whole ^ADB=the whole lEDC. 

.L ABD = ^EGD, ill the same segment. 

.*. As ADB, EDC are similar. 

HB ; BD= EC:CD, 
so that roct. AB . CD = rect. BD . EC, 

rect. AB . CD 4- roct. AD . BC 
= rect. BD . AE -f- rect. BD EC 
= rect. BD ( AE 4 - EC) — rect. BD . 

Propoeition 69, Theorem 

In any triangle, the square on the side opposite 
an acute angle is less than the sum of the squares 
on the sides containing that angle by twice the 
rectan{fle contained by eith>er of these sides and the 
projection of the other on it. 

Let ABC be a A in which ^ A is acute. Draw 
AL, BM, CN ± to BC, CA, AB. Then AN is the 
projection of AC on AB. On BC. CA, AB draw 
the 8((uares BCED, CAGE, ABKH. 

It is required to prove that 

BC^* = AB* 4 AC* ~ 2 rect, AB . 

PrcH^f. Prmluce AL, BM, CN 
ilie opposite 
side of the 
squares in 
X, Y, Z. 

Then, since 
CN and AH 
are each J. 
to AB, 

ANZH 
is a rect- 
angle. 

Similarly, 

AGYM is a 
rectangle. 

Again, 


.AN. 

to 




meet 


4.CAH== Z-BAC-f art. L, 


and L BAG = L BAG 4- a rtu l» 

lcak^ lbaq. 

in As CAH, BAG, the sides CA, AH are' 
equal to GA, AB, and L OAH » L BAG. 
the As are equaL 

But A CAH = i rect. ANZH (Prop. 31), 

and A bag = rect. AGYM. 

/. rect. ANZH = rect. AGYM. 
Similarly, rect. BNZK = rect. BLXX>, 
and rect. CMYF — rect. OLXE. 

/. fig. BE -fig. BH+fig. 0G-~fig8. HN, GM ; 
that is, BC*— AB*4- A0*~2 rect AH . AN. 
-AB«4-AC*-2 AB. AN. 

Propoaition 70. Thoorom 

In an obtuse angUd trwngle, the squeart an the 
side opposite the Muse angle is greater than the 
sum of the squares on 
the stdeo containing 
that angle by twice 
the rectangle exmiained 
by either of these sides 
and the projection of 
the other on it. 

Let ABC be a A in 
which z. A is obtuse. 

Using the same 
construction as in 
Prop. 69, it is 
required to prove 
that 

BC* - AB* + AC* 4- 2 rect. AB . AN. 

Proof. As before 

rect. ANZH = rect. AGYM. 
rect. BNZK — roct. BLXD. 
rect. CMYF — rect. CIjXE. 

/. fig. BE— fig. BZ-f-fig. CY, 

-fig. BAHK4-rect. ANZH 
4- fig. CAGE 4- rect. AGYM ; 
i.e., BC*- AB*4-BC*+2 rect. ANZH, 

-AB*4-B0*+2 AB.AN. 
DiCFiNiTioN. The straight line which joins 
any vertex (►£ a triangle to the middle point 
of the opposite side is called a median of the 
triangle. 

Proposition 7 1 . Theorem 

In any triangle, the sum of the squares on two 
sides is equal to twice the square on half the third 
side together with twice the square on the median 
bisecting the third side. 

Let ABC be a A» fnt^d AP a median. 

It is required to prove that 
AB* 4- AC* = 2 BP* -f 2 PA*. 
Proof. Draw AD X to BC. 
Then, from the obtuse- 
angled AABP, 

AB* = BP* 4- PA* 4- 2 BP . PD (Prop. 70), 
and, from the acute-angled AACP, 

AC* - CP* 4^ PA* 2 CP . PD (Prop. 69). 
since BP — CP, we get^ by addition, 

AB*4- AC*«2BP*+2PA*. 


4 


Continued 
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By HERBERT ROBSON 


I70EMERLY manv manuals for dyers were 
* Bihiply recipe books, Th^ practical dyer recorded 
his results from day to day, together with patterns 
of the actual work, A reoi^, together with the pattern^ 
is still interesting and useful, but as a rule the dyer 
is now able to work without s^ific instructions. 
If he is given a direct cotton colour, a sulphur 
coloiu*, or a basic dyestuff, for instance, he knows 
that a general method is applicable in oacli case, 
and it is a simple matter for him to dye to shade. 
Ueriiies without patterns arc therefore of little 
interest to him. Where one is given in this course 
it is merely as an illustration, and the writer has 
in every case seen the pattern. 

As a rule, the quantities are given in jiorccntages. 
For instance, 2^ per cent, toluylene dark blue, 
6 per cent, soda ash, 20 per cent. Glauber’s salt, 
means that to every 100 lb. weight of goods 2i lb. 
toluylene dark blue, 5 lb. soda ash, and 20 lb. 
(dauber’s salt have been added to the dye-bath, which 
is ordinarily made with from 200 to 220 gallons of 
water. 

The Textile Fibres. Textile fibres have 
been classed in four categories, as animal, vegetable, 
mineral, and artificial, but from the point of view of 
the dyer it is more practical to divide thorn simply 
into animal and vegetable fibres. The types of these 
classes are cotton and wool, by far the most impor- 
tant textiles, and the differoneos of their behaviour 
towards reagents are characteristic of the animal 
and vegetable fibres generally, and govern their 
treatment in the dye-house. Wool is destroyed by 
moderately concentrated alkalis but resistant to 
dilute acids. CJotton is not injured by moderately 
concentrated solutions of alkalis, but is carbonised 
by acids, and even rather dilute acids have an 
injurious effect upon it. The two fibres behave very 
differently to tannic acid. Cotton has a strong 
affinity for it, which fact is taken much advantage 
of in dyeing, whereas wool can be made to absorb 
only a trifling percentage of it. On the other hand, 
wool has a strong affinity for many classes of dyes; 
it has a powerful decomposing effect upon metallic 
mordants, and readily retains the oxides. Cotton 
is very inert, and it is comparatively recently that 
a class of artificial dyestuffs has Ixjen disco vere<l 
which will dyo it w^ithout the intervention of 
mordants. Wool, therefore, with certain limita- 
tions is easier to dye than cotton. Silk in some 
ways is in a class by itself ; it may be looked upon 
as animalised vegetable fibre, but in its general 
behaviour to reagents it strongly resembles wool. 

Vegs^able Fibres* Vei^tablo fibres are 
divided into two classes — seed hairs and host fibres. 
Cotton is the only textile of importance in the first 
category, although many attempts have been made 
to utilise the fibrous growth on other seeds. The 
bast fibres are obtain^ from the stem of plants, as 
in the case of flax and jute, or from the leaves, as in 
the case of ramie. In cotton each fibre is a single 
cell, whereas bast is composed of bundles of ceUs, 
The differences between the vegetable fibres are 
mainly of structure, and concern those charged with 
the pmparativo processes rather than the dyer, who 


nevertheless is obliged to modify his treatment more 
or less according to the particular fibre with which 
he is dealing. Tho principal constituent of all 
vegetable fibre is cellulose. Cotton is almost pure 
cellulose, linen somewhat less pure, and nil tho 
other fibres have much more of what, from the point 
of view of the dyer, may be looked upon as 
natural impurities. 

Cotton. Lancashire spinners and manufac- 
turers make a broad but practical division of cotton 
into four classes, according to tho length und dia- 
meter of the fibre. »Sca Island is the liuost and 
longest, Eg3rptinn comes next, American is llu* 
mainstay of commerce and the typical cotton, and 
Surat, or Indian, is a low-grade, Hhort-fibrcd cotton 
whicii nevertheless finds its ii-ses. 

These cottmis are the down enveloping the seed 
of various species of Gossypium, and on the plan- 
tations the fibre is picked by hand and ginned by 
machinery. Both these operations have au effect 
on the subserpient dyeing oi)eratioiiR. If the cotton 
is not ri|)o it will dye iinevenly, and imperfect ginning 
will cause it to be full of dust, seed particles, anil 
loaf. Loaf and seed particles are very tenacious, 
and may appear in the yarn or even "in the cloth 
as block s^ts. In this case the oil in the seed will 
give trouble, and cause spotty dyeing. 

Nature of Cotton. Apart from these im- 
inirities, which should not bo present, cotton is 
composed of cellulose, watei', and about r» ])cr cent, 
of constituent impurities, (jonsisting of jicntio acid, 
colouring matter, wax, and fatty and nibuminouK 
matters. The aniount of colouring matter varies 
greatly; it is almost absent in Sea Island and 
white Egyptian, and largest in brown Egyptian. 
In this cotton and in the tawny fibres of India it 
has to bo taken into account by tho dyer if he 
is dealing with unbleached goods. The wax, 
together with a very delicate cuticle which is not 
celluloHO, serve as a sort of waterproofing to tlu* 
fibre, niis is tho reason why the dyer dealing 
with unbleached goods is obliged to scour or wet 
out tho cotton before entering it into the dye balli. 
The fatty matter in tho fibre is identical with 
the oil in the seed, and also rctpiires to l)c 
removiKl. Tho influence of this wax and fat can 
be noted if grey(3loth is steepd in cold water; it 
will be found that a considerable time elapses 
before it is wetted out. The poetic acid is an 
amorphous substance resembling a gum, insoluble 
in cold water, but readily soluble in hot water. 

Bleaching, therefore, in which pnx*ess alkalis 
are used and form soaps with tho fatty mattiTs, 
removes these impurities and leaves almost pure 
cellulose, the albuminous matter being in such 
small quantity as to be negligible. Olliiloso is a 
carbohydratc-^that is, n substance which contains 
carbon together with hydrogen and oxygen in 
the proportions in which they occur in water. 
Its formula is CflHioOa, so that it is closely allied 
to starch and sugaix It is colourless, and has 
neither taste nor smell. Its specific gravity is about 
1*5. It stands heat until almut 290^ F. ; at this 
temperature it begins to turn brown and decompose. 
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It is absohitely insoluble in the ordinary solrenta — 
water, alcohol, and ether, etc,, and is not acted 
upon by thorn in any way. 

This general inertness, although it is the cause 
of the want of affinity for colouring matter, is of 
▼alnable asscBtauce to the dyer, inasmuch as it 
enables cotton to stand all the various processes 
through which he has to put it. Cellulose, more- 
over, is hygroscopic, and the moisture taken up 
from the air renders the fibre soft and elastic. 

hiercarlMd Ck»ttoii. John Merow, a 
Lancashire calico-printer, in 1844 disooverod that 
caustic alkali solutions, much more concentrated 
than are used in bleaching, had effects upon vege- 
table fibre of great technioa! interest. In 1850 he 
lu-ought out a patent which described the '‘new 
properties *’ given to vegetable fibres by treatment 
with caustic alkalis and other reamnts. The prac- 
tical interest of his discovery has been almost 
narrowed down to cotton as the treated fibre and 
caustic soda as the reagent employed. 

When cotton is treated with caustic soda solution 
of about fiO® Tw., neutralised with acid and washed, 
the fibre shrinks and acquires greater strength, and 
also greatly augmented lowers of tal^g up 
colour in dyeing and printing. These two points 
were the object of his patent, but he showed, at the 
Exhibition of 1 851, samples of cotton cloth craped by 

f )rinting the goods in patterns or stripes with the 
ye, albwing it to dry, and steaming the fabric. 
The jtrintod places contract) and remain smooth, 
dragging the unprinted places with them, which 
thus become crinkled. 

In Mercer’s time the cost of caustic soda was 
prohibitive and mercerising had no commercial 
importance until, in 1885, the French firm of Depoully 
reinvented craping by means of caustic so^, in- 
troducing a variety of novel applications, and for 
the first time made a commercial success of Mercer’s 
discovery. In 1890, Lowe, a Manchester chemist, 
patented the application of tension to prevent 
shrinking while the material is impregnated with the 
alkali, and claimed that the material acquired 
“ a belter ap|)earuncc or finish, and at the 
same time an increased tensile strength, and an 
augmented affinity for dyestuffs.” A few years 
later, Thomas ^ Prevost, a firm of Crefeld dvers, 
were engaged in dyeing silk-cotton mixtures. I^’ish- 
ing to increase the affinity of cotton for dye they 
had recourse to mercerisation, and to prevent the 
cotton contracting tliey washed it in a state of 
tension. They were usiim the finest staples, and 
they found that these Sea Island and white Egyptian 
yarns took a magnificent silky gloss. This they 
patented in 1896, but in view of Lowe’s priority the 
patents were afterwards annulled. 

LiU»tre«mercerlMtion« The chief interest 
in the process to-duy lies in this lustre-raercerisa- 
tion, by which cotton is given the appearance of 
silk, and it is necessary for the dyer to under- 
stand the properties the cotton has acquired, 
and the new conditions under which he must 
work. Oenornlly speaking, all classes of dye- 
stuffs ordinarily usm for cotton are available, 
but 25 to 35 per cent, less dyestuff is required 
to dye to the same depth of sliade, and the oefiour 
goes on much more tmickly than in the ease of 
unmercerised cotton. This tends to uneven dyeing, 
and the remedy is long baths — ^this is, with plenty 
of water — the employment of colours which ezhanst 
slowly, a decreascii addition to the bath of Glauber’s 
salt, and more soda, soap, or other ingredients 
which retard the action ol the colouring matter. 
In the case of dark shades, the bath, of cour^ must 
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not be too long. Another point the dyer must take 
into consideration is that the manner of dyeing must 
not injure the lustre of the goods. For this reamm 
the direct cotton dyes are largely employed on 
mercerised material. In union ^ixids, when mer- 
cerised and dyed cotton is used, it is more liable to 
bleed on to the wool than mdinary cotton, and a 
class of dyestuffs has been introduced to remedy 
this. 

Apart from lustring, Mercer’s original idea of 
using caustic soda to ec^omise dyestuff has found 
a limited use. It was quickly discovered that even 
comparatively weak lyes, not capable of cofifiractii^; 
the cloth, would save dyestuff, and that oertain 
wool dyes could be used on mercerised cotton. 
With both the natural and the artificial colours 
there is alwa^ an economy of dyestuff, and some- 
times a simplification of the process, as in the case 
of several basic dyes, which may be used without 
a mordant. It is very necessary, therefore, that 
the dyer should study mercerised cotton from every 
point of view, and consult exhaustive treatises on 
the subject. 

Lrinen. Flax or linen fibre is obtained from 
several species of the genus Linum, but esp^ially 
from the fiax plant, Linum usitaHisHmumf cultivated 
in many parts of Europe, and notably in the North 
of Ireland. To-day nine-tenths of the Continental 
supply is grown in Russia. Being a bast fibre, it 
is much more difficult to prepare for the spinner 
than cotton, and the most important operation is 
retting, in which process the fiax is steeped iu cold 
or hot water to remove the adhesive substaners 
which bind the fibres to each other and to the woody 
portimi of the stem. The method of retting is of 
importance to the dyer, inasmuch as it influences 
the colour of the product as he receives it. The 
fibre should then be snowy white and lustrous. 

Its chemical composition is very similar to cotton, 
but it contains more pectic acid and other impuri- 
ties, from which it is freed on bleaching, as in the 
of cotton. It absorbs about the same amount 
of moisture, but is a better conductor of heat, and 
is less elastic. It is more affected by caustic alkalis 
and bleaching agents, and although, as it is cellulose, 
the methods employed are much the same as in 
cotton dyeing, it is more difficult to deal with. 
Even unbleached linen, however, can be readily 
dyed with substantive cotton colours by boiling 
twice with 5 per cent, soda, and rinsing well. It 
has some affinity for the basic dyes, as i( contains 
a small amount of tatmin. The filvc, os it comes 
to the dyer, contains woody and waxy impurities, 
varying according to the nature and thoroughness 
of the preparatory oj^ations, and also cellulose, con- 
verted by the excessive percentage of pectic acid — 
as compared with cotton — into peoto-cellifioso. 

This, together with the ^ysical structure of the 
fibre, explains the extra difficulty. The introduc- 
tion of direct cotton dyestuffs, however, greatly 
simplified the dyeing of linen, and they are very 
largely employed. 

Jute, date is the bast fibre of various species of 
Corchonis, and our supifiy comes prinoipaDy fhirn 
BengaL The preparati<m of the fibre from the 

lant is similar to the processes used in the case of 

ax, but Bim]fier, and the product is freer from 
woody impurities. The raw fibre consists of bundles 
of stiff fibrils, with ir^ular walls and a large central 
opening. The physical structure is the mam diffi- 
culty of the dyer, and the dyed jute often shows 
an absolute untouched centre if the fibre is cut 
across. This is little moment, however, in the 
ordinary uf« 8 of jute. 



Aooordizig to the great authorities on cellulose. 
Gross and Sevan, jute is not cellulose,4>ut bastose, 
a compound of cellulose with lignine. Thisbastose 
behaves very similarly to tannin-mordanted cotton, 
and jute can be dyed direct with basic dyes. Jute, 
in fact, according to Hummel, is cellulose, a portion 
of which has b^ome more or less changed into a 
tannin-like substance. Alkalis attack jute, resolving 
it into cellulose and soluUe bodies allied to tannins, 
and acids readily diainte^ate it This must be 
talmn into account by the bleacher and dyer. It is 
best bleached by the successive action of perman- 
ganate of potash and sulphurous acid, but the bleach 
does not last. Treated as in cotton bleaching, but 
with weaker lyes, an imperfect but more stable 
bleach is obtained. Tlie dyer has to put his best 
work in when the jute ilbre is intended for use as a 
binding thread in carpet weaving, or for cheap 
classes of upholstery. 

Hemp* A very large number of bast fibres 
come on to the market under the name of hemp. 
The ordinary hemp, largely grown in Russia and 
India, is the fibre of Cannabis saliva. It is fairly 
successfully bleached in the Dundee district by 
special processes, but rapidly turns brown, and is 
tendered to some extent in the process. It is rarely 
dyed, but when this is required the substantive 
dyes are used as for cotton. 

Ramie* Technical difficulties in the preparatory 
processes, and the consequent failure of a steady 
supply, have prevented this beautiful fibre from 
taking the place among textiles which it deserves. 
It is obtained from the stem of a stingless nettle, 
Boehmeria niven^ gi’own largely in Ghina, whence it 
has been called Cnina grass. It is also called rhea. 
It is nearly pure cellulose, and consequently can 
easily be bleached. It can be dyed like (jotton, but 
care must be taken to preserve the lustre. In light 
shades, obtained with the substantive colours in 
lukewarm baths, it has been used for curtain 
laces and najjkins. It has also been used for 
upholstery. 

Minor Vegetable Fibres* Sisal, mnnilla, 

— j qI other fibres, are of little or no 

Interest to the dyer. 

ArtiHcial SilK. Several varieties of this 
are now on the market. The most usual kinds, 
such as the Chardonnet and Lehner silks, are 
obtained from solutions of cellulose. They arc 
dyed like ordinary boiled-off silk, but at lower 
temperatures. 

The Animal Fibres. The animal fibres 
have nothing in common with the vegetable fibres 
in chemical composition, and are treated in a totally 
different manner in bleaching and, as a rule, in dye- 
ing. They are nitrogenous su bstances, and frequently 
contain sulphur. The great difference between the 
animal and vegetable fibres is emphasised by a rough 
test very frequently used by dyers. Take a warp 
thread of a union cloth and apply a lighted match to 
it. It bums with a quick, bright flame, and without 
smell — it is a vegetable fibre. Take a weft thread 
and hold the light to it. It shrivels up in a brownish 
^ad, and gives off the smell of burning horn — it 
is an animal fibre. The results, of course, will 
be reversed if the warp is wool and the weft 
cotton. 

Wool and hair differ only in physical structure. 
The hair of many animals is used in greater or 
smaller quantities in the textile industry, but the 
curly, flexible, and elastic covering of the sheep is 
the typical textile. It varies not only with the 
breed and habit of the sheep, but in its age, and 


DVKIiia 

even the part of the animal from which it is 
taken. 

Physical Structure of Wool. The 

physiol structure of the fibre is of high im- 
portance to the manufacturer and dyer. The ex- 
ternal cells are like irregular scales, arranged side 
by side and overlapping each other. When wool 
cloth is wet, and especially when exposed to pressure 
in the presence of soap, the scales interlock and the 
fabric jdts. This is the object of milling ; in this 
j'trooess a number of wool fibres are brought into 
close contact and beaten or stamped in soap and 
water. Each fibre moves more readily in one direc- 
tion than the other, with the result that the mass 
of fibres are gradually locked together, and the 
cloth becomes thicker and denser. This is taken 
advantage of in the manufacture of many classes 
of goods, such as flannels, broadcloths, and hat- 
bodies, but it is a great disadvantage in the dyeing 
of Blubbing and yams, and tlie dyer has to guard 
against it. 

Wool is very hygroscopic, much more so than 
ootton. In warm, dry weather it may contain as 
much as 12 i)er cent, of moisture, but in a damp 
atmosphere it will take up even 50 per cent. When 
damp, it is not liable to mildew, as are the vegetable 
fibres. When steeped in hot water the fibre softens 
and swells and becomes plastic. It may be formed 
into any shape requiretl, and retains it on cooling. 
This property is taken advanUigo of in many toxtiUt 
)U‘oce8ses, and is of great importance to the dyer 
in preventing tlie wool in mixtures — say, with cotton 
— from shrinking when washed, and in all wet- 
finishing proc^esscs. 

Wool comes on the market as “ washtKl ” and 
“unwashed” according as to whether it has been 
washed on the sheep’s back or not. Wool, ” in 
the grease,” as the latter is called, contains a largo 
quantity of impurities, wliich can be removed by 
washing and also yoke and suint. Yoke is in- 
soluble in water, but can easily bo removed by 
soap. Suint consists of potassium salts of oleic, 
stearic, and acetic acids, and as it forms a natural 
soap with the yoke it helps to remove it. 

Chemical Composition of Wool. 'I'hc 
chemical composition of the wool fibre itself, 
when freed from these imjiurities, closely resembles 
that of horn. It consists of carbon, hydrogen, 
oxygen, nitrogen, and sulphur, and the presence 
of this last element distinguishes it from silk. 

The sulphur may cause trouble to the dyer. 
If the water contain lead, dull shades are produced 
in a neutral or alkaline bath, but this may be 
corrected by adding sulphuric acid or in some cases 
alum. If the wool comes into contact with lead, 
copper or tin, stains result, owing to the formation 
of the sulphides of these metals. Mordanting with 
a tin salt has the same result. If necessary, the 
sulphur may bo almost removed by steeping the 
wool in milk of lime, washing in water, then in 
weak sulphuric acid and again in water, refloating 
the operation several times. 

Effect* of Acid* on Wool. Weak solu- 
tions of hydrochloric and sulphuric acids have 
little effect on the fibre except that they make 
it feel harsher. They are used in the dyo-batli 
in wool dyeing, and as they are more energetic 
in their action on cotton they are also used to 
remove this fibre from rags or shod^. The 
usual prooess is to steep the shoddy in dilute 
sulphuric acid, sq^ezo out and dry in a stove at 
about 225^ F. The cotton is carbonised and 
disintegrated and can Ixi beaten out of the 
goods. 
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Concentrated minera! aoidfi destroy wool. Dilnto 
boiling nitric acid is used to take out the colour 
Irom goods already dyed, as» for mstanoe m ** strip* 
ping garments for re-dyeing or in correcting dye* 
jiouse mistakes. Sulphurous acid is used as a 
tdeaohing agent, as wool would be destroyed in 
the processes apf^ied to cotj^ and must be 
thoroughly removtsd by steeping* in very weak 
solutloiis of chloride of lime and washing well. 
Otherwise uneven dyeing will result, especially 
with light colours, which may even be destroyed 
by the sulphur dioxide retain^ in the fibre. 

An excess of chlorine destroys wool, but when 
the fibre is submitted to the very slight action of 
chlorine or of a hypochlorite it is said to be “ chlor- 
inated ** and has acquired some valuable properties. 
It has a yellowish tint and a harsher feel, but it 
has lost most of its power of felting, and therefore 
the process is used to prevent the shrinking of 
woollen hosiery and clothing. It has also acquired 
a greater affinity for colouring matter. This is 
taken advantage of by the muslin delaine printer 
very extensively, and also to some extent by the 
wool dyer, who, for instance, can produce two- 
colour effects on all wool goods by chloring the 
warp before weaving, and leaving the weft un- 
treated. The warp then takes up a much deeper 
colour in the dye- bath. 

Effects of Alkalis on Wool. The action 
of alkalis on wool is very peculiar. While com- 
f>arative}y weak lye at an ordinary temperature 
disintegrates the fibre more or less rapidly, a 
short immersion in caustic soda of 82® Tw. at 
a low temperature, say 50® F., produces an 
effect analogous to meroerisation. ITie fibre 
takes a soft silky feel and scroop, and a greater 
affinity for colouring matters. The economy of 
dyestuff effected has never sufficiently been ex- 
rimented \ipon, but two-colour effects have 
en produced in the piece by using “ mercerised ” 
and unmercerisod ” wool after the manner of 
chlorinated and untreated fibre. The treated wool 
is also freed from sulphur to a large extent. 

Wool, unlike cotton, has a positive action on 
metallic mordants, readily decomposing them in 
hot solutions and retaining their oxides in the 
fibre. It has also a strong direct attraction for 
several classes of colouring matters. Its porosity 
also enables it to l>e readily treated. This general 
activity makes the dyeing of wool comparatively 
easy, but on the other hand it has the drawback 
of being the frequent cause of uneven dyeing. 
In most cases the care of the dyer must be fi> 
moderate the action of his baths and to regulate 
his work so that one portion of bis goods does not 
absorb an unfair share of the dve. 

Wool from a diseased antmaf dyes badly, and 
from the dead sheep much worse still. Dead 
fibres*’ which have been pulled out before the 
sheep was sheared take the colour badly, and 

kemps” — smooth, white, almost scaleless fibres, 
rn*^t with in coarse wools — also take less colour and 
may produce spotty dyeing. They are usually 
combed out, however, in the preparatory processes. 


Silk. The silk filsre » a oontmuous tiiread 
spun by the sdkworm. The ordinary silk ol 
CKMntnerce is produced by the mulberry silkwonn, 
JHondpyx mori; all other desoriplioiis, such as 
Tussah or Tussore, Eria, Muga, and Atlas, are 
classed as wild silks. 

Raw sfik consists ol a double fibre cemented 
with a layur of silk glue. When “boiled off” 
the fil^ are separated, mid, losing the yellow of 
the enveloping glue, are almost wh& and lustrous. 
They diffw from veptable fibres and from wool 
by being devoid of crilular structure. Sfik re- 
sembles wool in some respects, but it is distinguisned 
from it chemically by the absence ol cwphur. 
Although classed as an animal fibre it also has 
resemblances to cotton and must be looked upon 
as animalised vegetalfie. It is very hygroscopk* 
and will absorb as much as 30 per cent, of moisture 
without feeling damp. It is very elastic and 
strong, and has a high lustre. 

A very distinctive property is the peculiar 
crisp rustling sound it emits when it is squeezed 
in the hand. This is known as the “ scroop,” 
and is imitated by chemical means in meroerii^ 
cotton. What the French call the frou-frou is a 
valued property in ladies’ dress material, and 
the retention of it has to be carefully ensured 
in the dyeing operations. Raw silk has no 
scroop, the pro^ierty being impiirted to it in an 
acid bath after boiling-off. It can be imparted 
to it after dyeing, and this is usually done in a 
bath containing oil and acid. Silk is a bad con- 
ductor of electricity, and therefore becomes elec- 
trified by friction ; this is overcome by keeping 
the air moist in the rooms where it is workecT 

Treatment of Silk. To develop the proper- 
ties of softness and brilliancy the yam is submitted 
to several mechanical processes, and the particular 
difficulty of the dver in deali]^ with it is to retain 
its mother-of-pearl-1 ike lustre in full. Silk contains, 
in addition to the fibre, the gum or glue which is 
soluble in boiling water, smtul quantities of wax, 
fat, and resinous matters, a small quantity of ash 
and water varying with the dampness of the 
atmosphere. The fibre itself is a compound of 
carbon, hydrogen, nitrogen, and oxygen. Acids 
have a more rapid destructive effect on sfik than 
wool, and hot alkalis dissolve it, but not so quickly 
as wool. Boiling solutions of basic zmo chlorides 
dissolve silk but do not affect the cotton or wool. 

Silk decomposes metallic mordants as readily as 
wool. Potassium bichromate injures the fibre, 
and dilute solutions of bleaching powder chlorinate 
it like wool, increasing its af^ity for colouring 
matter, but to a less extent. It is very easily 
tender^, even sodium carbonate affecting it in 
warm solutions, and this is a point that the dyer 
must bear in mind. It behaves like wool to 
colouring matters and can be easily dyed direct 
with several classes of them, and its affinity for the 
basic dyes is even greater than wool. The terms 
of the silk dye-housp are largely borrowed from the 
French — ov^anzine is warp silk, tramt is weft; the 
term Hfu will be explained later. 
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By JOSEPH G. HORNER 


pNGINES, apparently very complex* may be 
^ reduced to simple elements, which, however, can 
be more easily studied in the first place in the plain 
single-cylinder engine. With some notable ex- 
ceptions, the main function of a steam engine is 
to convert reciprocating into rotary motion. The 
reciprocations of the piston in the cylinder are 
thus converted into the rotary motiou of the 
flywheel. The cylinder and its piston are there- 
fore the first elements in such an engine. 

The Cylinder, The cylinder [oj is always of 
circular section, because this form is more easily 
produced with accuracy than any other, and 
kcause it is the strongest form possible, with the 
single exception of the sphere. Cylinders are 
alwajrs made by casting, and mostly in iron, because 
there is no other practicable way of jiroducing the 
various steam passages and flanges. They are 
made of ten times greater strength than that which 
would b <5 required merely to resist the steam 
pfCBsure, the conditions necessary being absolute 

rigidity, impervious- 

ness to high pressure 


ness to high pressure 
steam, and allowance 
necessary for wear 
and reboring. Be- 
cause the piston 
friction is constant 
and severe, special 
grades of metal are 
used for cylinders, 
harder and of closer 
grain than for other 
parts, such as fly- 
wheels, cranks, etc., 
which have not to 
endure friction. Or, 

^ in all the larger 
cylinders, ordinary 
good stiff metal is _ 

Ssed, but the in- 5. of “ 

tenor, or 6ore, is 

lined with a tube of harder, more dippery metal, 

generally of a special cast-iron mixture, but in 
some cases now with compressed steel. 

In the early days of the steam engine, and down 
to about a generation ago, cylinders were made 
much larger for engines of a given power than 
they are now. The reason was that steam pressures 
were very much lower. The first engines used 
steam of but 3 lb. to 5 lb. pressure to the square 
inch. Kany modern engines use steam at from 
180 lb. to 210 lb. to the sqiiarc inch, and some even 
more. Such high initi^ pi-essures, of course, 
require a piston area smaller in proportion. And, 
incidentally, as higher pressures carry higher 
temperatures, the elastic force of the steam 
is greater; in other words it can be used more 
expansively. In the old days boilers were made 
of cast iron, for wrought iron was very costly, 
and long after the use of wrought iron became 
common, pressures of 00 lb. or 60 lb. to the square 
inch were the maximum. Then came the age of 
steel, and with boilers made of open- hearth steel 


complex, may be the pressures have gone up as just stated, with 

which, however, can reduction in cvlind^ dimensions. At the same 

st place in the plain time the Bpee<ls of rotation have been incrcnseii 

some notable ex- many times. Simultaneously, improved methods 

f a steam engine is of boring, and better fitting of pistons and rods, 

>tary motion. The have ensured absolute steam tightness at these 

in the cylinder are hu^ pressures. 

iry motiou of the The Pleton and Its Rod. Though the 
s piston are there- piston, also seen in 5, is movable readily before even 
an engine. moderate steam pressure, it fits nevertheless steam - 

ider [dJ is always of tight in the cylinder bore. This is effected by a 

form is more easily metallic spring ring, or rings which are of slender 

n any other, and section, the ItamSohom type, in 5, and being cut. 

a possible, with the through on one side are sufficiently elastic to 

ere. Cylinders are make close contact with the cylinder bore with- 

►stly in iron, because out offering much resistance to the movement 

ay of j)roducing the of the piston. The early pistons hod no metallic 

flanges. They are packings, but junk rings of hemp gasket, which 

gth than that which were burnt out easily. 

3 resist the steam The pidon rod, of steel, passes through the front 
ary being absolute cover of the cylinder, which is fitted with a stuffi^ 

hox and gland, and transmits 

the motion of the jiiston to thq 

connecting rod. nteam would 

escape past the rod unless the 
hole in t^he cover through whicli 
it passes were packed. This is 
done cither with a 
hemp gasket, or 
asbestos, or with 
metallic jmeking. I'o 
keep the packing in 
place is the function 
of the gland, which 
is screwed down 
tightly on the pack- 
ing confined in th<‘ 
stuffing box. The 
difference in the 
,, fitting of the front 

5. OYUNDBE OF “ JOHil BULL fiNGlNlB and back cover mnv 

(E. B. 4 F. Turner, Ltd., Ipsulch) be noticed in I ^ 

lore dippery metal, ' The Connecting Rod and Parte. Tin; 
m mixture, but in connecting rod is a rod pivoted loosely to the 
)d steel. piston rod at one end and to the pin of the 

[u engine, and down crank at the other. At the end where it joins 

jrlindcrs were made the eonneoting rod its movements are coerced 

given power than by the crosshccid, or dipper Hock, through the body 

that steam pressures of which the connection is made. The move- 

first engines used ment of the crossheiid is coerced in the same 

ssure to the square axis as that of the cylinder by means of guide bars, 

use steam at from dide bars, or dipper bars, or of a circular guide. 

inch, and some even The connecting rod, therefore, swings in an 

Misures, of course, arc determined by the length of ^row of the 

ii proportion. And, crank, with a radius equal to the distance 

ures carry higher between the centres of the crosshead pin apd 

roe of the steam the crank pin, receiving at the same time longi- 

oan be used more tudinal movement equal in length to that of the 

boilers were made (uston stroke. 

n was very costly. Obliquity of the ConnectlniS-Rod. The 



angularity of this rod [ 6 ], varying from zero on 
dead centres to maximum angle vmen the crank 
pin is at 90*^ from dead centres, has some results 
which must be taken notice of, and because oi 
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which the general rule is elaboratei that a con- 
necting rod should be ae long ns is y)ossible in 
reason. 

In the first place, when the piston is at the 
middle of its stroke, at the ^int 3 in 6 , the crank 
pin is not, being either a little ahead, or short of it. 
This is shown by the dia^am where the crank pin, 
3^ is not exactly over the centre, c, of the crank 
shaft. In the second place, the rate of revolution 
is irregular. By dividing the path of the 
iston into any number of equal parts, 
to 6, and setting off the length of the 
connecting rod therefrom to the crank 
circle, 0' to d', a glance suffices to show 
that the rate of revolution of the crank 
pin varies greatly, and changes constantly 
(compare 0^ to 1' with 3' to 40/ and but 
for the steadving influence of the flywheel, 
engines would rotate in a more or less jerky 
fa^ion, due to the angularity of the rod and 
yiartly to the momentary pause in the reciprocation 
of the piston. Even douole engines when coupled 
do not run with perfect steadiness unless a flywheel 
is fitted. 

The Flywheel. The flywheel and the 
crank lieing keyed on the same crank shaft, the 
wheel is caused to partake of the rotational move- 
ment of the crank. The flywheel is an equaliser 
the movements of the piston, which, without the 
wheel, would be of a jerky character, the reasons 
for which are those just given, and also of the vary- 
ing effort of the expanding steam. Fljrwheels are 
proportioned to 8toi*e up sufficient energy to carry 
the engine over the dead points. They are variously 
made, but the rims in any case are cast, examples 
of which will be seen in rfue course. 

The action of a flywheel is referable to gravity, 
nccording to the formula 

' a “ work in foot pounds stored in the rim, 
2g, or b4'4 ^ 

where m = weight of rim in Ib., v — velocity of 
rim in feet per second. The weight of the arms is 
not calculated. The diameter of a flywheel is, 
therefore, of little importance — some engines have 
small, others largo ones ; the ttiass and velocity are 
the points of importance. The velocity of the rim 
{^alciilattjd may vary within from one-fiftieth to 
one-cighticth of the mean velocity without affecting 
steady running. A flywheel much too light or too 
heavy is an evil. The function of the wheel is to 
prevent acceleration by absorbing excess of pres- 
sure ; and to prevent retardation, by giving out of 
its stored ener^ when the pressure is insufficient. 
The Valve Motion. The methods by which 


6. OBUQUITY OP CX)NNBCmNO ROD 

astonishing wei*e they not so familiar. It is 
not merely that a constant volume of steam is 
admitted on each stroke, as in the simpler tyi^es, 
hut that the supply can be 1 ‘eiidereu variable 
within minute limits, to counteract unequal loading 
or rates of running of the engine. The subject of 
these valve gears, and the methods by which they 
<'ontrol the valves, would fill a large volume. Foe 
the present wa take a plain valve of the sliding 
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ty|>e^the slide valve, actuated by a plain eocentrio 
directly — and consider its mode of aotiou. 

All the steam for use in the cylinder must oome 
tlirough the steam chest [6]. There are three 
passages which afford communication between the 
steam chest and the cylinder ; the steam passages 
through which live steam enters to each end, and 
through which also steam, having done its w(»*k, 
exhausts back under the valve, and out through 
the third or exhaust passage, communica- 
tion with which can take place only 
under the arch of the D slide valve. 
The valve controls the opening and 
closing of the ports — which are the 
openings of the steam passages that 
abut on the steam chest. 

We can study the action, in the flrst 
place, in a type of valve that is obsolete 
— ^namely, that in which no provision 
was made for the expansive action of steam [7]. 
In this diagram the valve, about to move in 
the direction of the arrow under the pull of 
the eccentric rod, is beginning to admit steam 
to the passage A behind the piston B, moving 
it in the direction of its arrow. The piston, in 
sweeping through the cylinder, drives out all the 
spent steam in the space E, back through the 
passage B, and under the arch, a, of the valve, 
whence it escapes througlithe exhaust passage C, 
either into the atmosphere or into the condenser. 

Observing the fact that the outer edges of the 
valve when in the central ])Osition coincide exactly 
with the outer edges of the ports, it is not difficult 
to see that the initial introduction and the final 
exhaustion of the steam must coincide exactly with 
the terminal positions of the piston. This is obvi- 
ously a bad arrangement, because live steam con- 
tinues to enter the cylinder during the whole of the 
piston stroke, and the exhaust steam does not 
esca])e rtnidily at the beginning, and therefore offers 
resistance (back pressure) to the approaching piston. 
To obviate these evils is the object of lap, and lead. 

]l,ap. The term lap signifies a supplementary 
extension of the valve, by which ite cages extend 
or lap over the ofHjnings of both the ports to a 
definite amount, which is measui’ed when the valve 
is in middle travel. It represents an amount by 
which the steam passage can be closed beff)re the 
piston arrives at the end of its travel, so }>ep- 
mitting the steam behind the piston to work 
expansively beyond the point at which it is cut 
off. Suppose the valve has a lap of J in. and 
that such an addition will cut off the steam at half- 
stroke, then, during the second half of the stroke, 

no more steam 
being admitted, 
the volume closed 
within the cylinder 
\ will work by its 

\ clastic force only, 

or expansively. 
Now, it is clear 
^ / that the addition 

• / of i in. of lap to 

the normal valve 
requires that the 
eccentric, instead 
of having its eccentricity at right angles with the 
crank, shall liave its eccentricity ^ in. in advance 
(linear advance) of the crank, or it would not open 
the valve [8, Such an arrangement is termed 
fixed expansion, when the amount of advance oannot 
be altered. But most engines now have variable 
expansion, effeoted either at the eccentric itself or 



\o\^ e 

7. VALVB WITHOUT 
LAP 





by link metkm, of which there are several tyyf», 
whkh iiiohide proTisioa ff>r reversmg the dveotion 
of motioii of the engine. 

Returning to 7, we observe that the 
steam mutt enter with difficulty at the boginning 
of the opening of the valve, and if fittings were 
looeo it might hardly get in at all. But now, if the 
valve be set by the eccentric fM> that the valve is^mn 
slightly [8, a] when the psston is at the end of its 
stram, ready to return, some steam wfil enter. The 
amount of opening, a, left (lead) is not much, usually 
from ^ in. to iV in., but it is sufficient 
Ikiear advance of the eccentric then has to equal the 
amount of lap plus the lead. The method of sotting 
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this out is shown on the diagram [8], to which further 
reference will be made. 

Nor is this the only advantage of lead, but the 
small volume of steam thus admitted {pre-etdmienon) 
acte as an elastio buffer or cushion to 

^ing the piston quietly to rest before it starts on 
its return stroke. Lead is also given to exhaust, 
to facilitate the escape of the sp^t steam, and so 
lessen the loss of power due to the imprisonment of 
an excessive amount of steam on the exhausting 
side of the piston {bade prtamtrt)* 

Freswure. The reciprocating parts 
which ac<m^ momentum in their movements are the 
piston and its rod, the crosshead, and the connecting 


rod. In modem engines these travel at speeds of 
from 900 to 000 ft. per minute, with corresponding 
momentum. As they are pusfa^ with a power 
say, from 60 to 160 lb. on each square iooh of 
the piston area, the same back pressure is required 
to bring them to rest before reversal; hence the 
value of a cushion of steam. But for this cushion 
the joints of the crank pin, the crosshead, the piston 
and its rod, and the TOarings of the crank shaft 
would be much more severely shocked than they are. 
This is a very important practical point in the 
working of e nginea. The back pressure becomes an 
evil only when it offers excessive resistance to the 
proper movement of the piston. Back pressure may 
also 1^ considered to afford 
some compensation for the 

large clearance space of the 

^ \ steam passage. As it is cx- 

\ haunting steam that is 
[ compressed, if the com 
f pression continues up to 
/ l)oiler pressure the passage 
^ will be filled, with steam of 
equal pressure with that 
awut to enter. Then, too, 
the opening to lead may be 
very small, or from in. 
to ^ in. 

Wire Drawing. This 
term signifies reduction of 
steam pressure as it enters 
the cylinder. This may be 
due either to reduction of 
pressure at the throttle 
valve, or the regulating valve 
in the steam supply pij^, 
termed thrtitUivg, or by 
having the steam passages 
in the cylinder too small. 
In either case wire drawing 
is an evil, and it can readily 
be detect^ by an indicator 
diagram. One great ad- 
vantage of the use of auto- 
matic expansion gear is that 
the steam siipply to the 
cylinder is controlled exactly 
by the cut-off of the valve 
or valves, at varying points 
in the piston sl^ke, with- 
out wire drawing or re- 
duction of pressure. 
Operation of a 
\ Simple Valve. The 

-r - — - d f diagrams 8 to 12 illustrate 

/ the Buccessivo stages of the 
\ yy slide valve with lap and lead 

through a complete cycle. 
In these diagrams the full 
lines AE represent the con- 
necting rod, and the broken lines CF the 
eccentric rod. The valve rod extends from F to 
the valve D. The length of the piston rod is not 
shown — it is, of course, a matter of no moment— 
neither is that of the valve rod, each being alwa 3 r 8 
in one plane. Only the rods which have obliquity 
control the essential relations. The valves in each 
diagram are shown for convenience as removed 
from the back or side of the cyindcr to a location 
above. 

In 8 the crank pin^ A, is on dead centres nearest to 
the engine, and the piston, B, is momentarily at rest, 
compression having taken place by the admission 
of steam through the {H>rt opening to lead at a. 
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The eccentric sheave has its greatest eccentricity 
at C. The distance h is the linear advance of 
the sheave = lap + lead, and 6 is its angular 
' advance. The aavance is reckoned from a line^ at 
right angles with the line that connects the crank 
pin and crank shaft. In whatever direction the 
eccentric is set, it Uade ihe engine by opening the 
suitable port. Thus, in 8 the eccentric, C, has cfrawn 
over the valve, D, to open the port to lead, a, so 
admitting steam behind the piston, B, and the piston 
must therefore move in the direction of the arrow, 
and the crank rotate in the direction of its arrow. 
Clearly, movement could not take place in the other 
direction. But if, the crank pin remaining at A, the 
eccentric were located at it would lead the crnnk 
pin in the . * 

thT‘^otted 

arrow, and f~ r iT 

the engine LJ-4J nZT] 

would be re- ~ H 

vereed. Lli. 

In the next Yt 

f9] the eccen- ^3^ keversing eccentrics in 

trie, C, lias PRB-UNK MOTION PERIOD 

moved suffi- 
ciently too])en the induction jiort fully, and the full 
boiler pressure is being exerted beliind the piston. 
I’lie steam from the previous stroke occupying the 
area in front is exhausting freely. The eccentric 
lieing now on its dead centres ^ its backward move- 
ment liegins, and the next [10] shows that the valve 
has returned and closed the admission port. From 
that inoinent the steam at boiler pressure in the area 
behind operates against the piston by virtue of its 
own elastic force or expansion, and gradually the 
eduction port is being closed by the inside, a, of 
the valve, and a certain amount of back pressure is 
fiegiiining to take place. In the next [11] the valve 
is nearly in middle travel, lapping over both iKirts, 
no steam entering and none exhausting, for the edge, 
tt, has covered the exhaust jiort; hence there is 
expansion going on on the left-hand side of the 
piston, B, and raishioning on the other. The fact is 
now apparent how inside or exhaust lap, or lead, 
at a can bo made to control the amount of cushion- 
ing. If there is inside lap the esoayie of the steam is 
delayed ; if inside lead, it is accelerated. Finally, in 
12 tl lie stroke is completed, and the valve has opened 
the other port to lead for steam admission, the 
crank pin is on dead centi-es 180® from its first 
position, and the cycle begun in 8 is l>eginning for 
the return stroke. 

Typea of £cceiltric«« Eccentrics are of two 

kinds— fixed and movable. The latter are either 
reversing simply, or of both reversing and expansion 
types. With the fixed eccentrics, reversing and 
expansion can be effected only through the medium 
of a link motion. This is fitted to practically all large 
stationary engines and locomotives, but very many 
sntall engines are without it, as it is unnecessary for 
the class of work which they have to })erform. Tt 
is not required when on engine always has to run 
in one direction, when steam is worked expansively 
by a fixed amount of lap on a common slide valve, 
and of angular advance embodied in the fixed 
eccentric, and when a moderate variation from 
normal speed is not objectionable, such as could be 
secured by a governor action on the throttle valve. 
All smaller commercial engines are included in this 
class. 

There are, however, a fairly large number of 
engines in which it is desirable to make a less expen- 
sive provision for occasional revei’sing a]D|||||^xpansion 
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than that which is afforded by link motions and by a 
governor actuating the cut-off of the slide valve. 

expansion eccentrics here fill a useful place. 
Substantially, they comprise a circular plate per- 
manently fixed to the eccentric shaft, and an 
eccentric sheave free to move round an arc of the 
shaft, with provision for bolting it to when set at 
certain angles to the fixed plate. Perhaps eVoi^ono 
does not know that the early locomotives 'were fitted 
with loose eccentrics to effect reversal of the eniB^ines 
before the link motion was invented. Figure 18 ulus- 
trates one of these from De Pambour's treatise on 
locomotive engines, showing them as made in 1840 
— ^the loose eccentric sheaves, A, cast in one piece, 
with their maximum radii at right angles with 
each other, fitted loosely on the crank axle. Two 
holes were made in the discs, B, that flanked the 
eccentrics, and formed integral portions of them. 
These received pins, a, termed drivers^ the bodies 
of which were bolted securely to the crank axle at 
right angles with each other, and with the cranks. 
Tiie eccentric sheaves were slid endwise to cause 
either of the driver pins to enter the hole 
prepared for its reception. The movement was 
effected by a lever from the footplate. 

Reveraing Plate. A good exai^le of a 
reversing plate is shown in 14, complete. The main 
plate, A, slotted, is keyed upon the crank shaft. 
The eccentric sheave, B, provided with a fixed 
amount of angular advance, has a tongue on the 
face which meets ihe plate, which tongue slides in 
a groove in the plate. J'ho sheave also has an 
elliptical slot in its body to permit it to move up 
ana down over the crank shaft C. It is (jlamped 
to the plate in any position by the bolt D, fitting 
tightly in the sheave, but sliefing in a slot in the 
plate. To set the amount of expansion, the i>late 
is marked F., M.. B., corresponaing with forward, 

middle, and back- 
ward travel. The 
head of the bolt D 
is prolonged into 
a pointer, o, which 
is set to either 
division required 
and there clamped. 
Divisions may also 
1)6 inserted for dif- 
ferent grades of 




14. REVERSING ECCENTRIC 
PLATE 


expansion. 

Expanaion 
Ecc e ntrics. 

Figure 15 illustrates 
the expansion ec- 
centric by Ruston, 
Proctor & Co., Ltd., 
as made for many 
of their portable 
and fixed steam 


engines. A is the circular plate keyed on the 
crank shaft. The sheave, B, is secured to this by a 
bolt, C, which passes through a curved slot in tlie 
plate A, The total ran^o for reversing and expansion 
is indicated by the diverging dotted lines a, 6, at 
which positions steam is cut off at ouo-half the 
stroke, the engine running in the direction of the 
arrow when the bolt C is tightened at one end or 
the other of the slot. If in the position *4 and *3 
respectively, the steam is cut off at four-tenths 


and three- tenths respectively of the stroke. 

The Limitation# of the Slide Valve. 

High rates of expansion cannot be obtained with the 
common slide valve, because the expansion is 
governed by lap, and increase in lap inquires 




inoceAne in the CLUgular advance of the eccentric, and steam supply is regulated in the supply pipe, or 
L ^ i_. steam chest But actually 


each increase causes early closing of the exhaust, as 
well as early cut off, and this produces too much back 


well as earfy cut off, and this produces too much back 
pressure. T 6 a considerable extent the question of 


pressure. a considerable extent the question of 
back pressure is determined by the class of engine. 
In slowly-runnii^ engines a large back pressure is 
objectionable, in fast-running engines it is advan- 
taoeouB. In looamotives, for example, the common 
vfdve is used, and a large amount of cushioning is 
desirable on account of the very high 
momentum of the piston. ^ 

Another objection to the slide valve 
covering the three ports at or near tlie f 
mid^ <rf the len^h of the cylinder is / f 
the loss occasiofied oy the cfearemoe tpaxM J 

occupied by the passages. The entire V . 
length of a steam passage is about half as 
long as the oylinaer, and the volume of 
steam contained in a p^age may be ] 

equal to about one-thirtieth of the 
volume of the cylinder. The greater ' 

portion of this steam is wasted at each — 
stroke, going out with the exhaust steam ) 
on the return of the piston. 

When high economies and high rates ^ ^ ; 

of expansicHi are required, and slicm valves ^ 5 . 
are still retained, then two valves are used, j.( 30 ] 

the main vaive moving over the ports, and 
an expansion, or etU-off valpt, on tlie back of the 
main valve. The opening and closing of the exhaust 
port are then controlled by the main valve and 
the steam lap, and cut-off by the expansion valve. 
Though these arrangements do not avoid the evil of 
long passages with clearance losses, they lessen the 
excessive back pressures. If long passages are to 
be avoided, separate valves and passages must be 
used at each end of the cylinder, or the Corliss, or 
T>rop valves must be adopted. 

Automatic Expanaioii Gear. This gear 
is that which is effected by the governor acting on 

the slido, or steam supply valves to 

the cylinder. It effects variable ex- ^ 
pansion, meaning by that, degrees of 
ex(>ansiun which vary from moment to j ^ ^ 
moment with every variation of load 
on the engine It differs, therefore, 
from hand expansion gear, effected by 
the adjustment of back cut-off valves, 
and of the expansion eccentric adjusted f 
on the face of a fixed plate. It is also 
distinguished from expansion effected \ ^ 
by link motions, which, though capable waa^saBBoi 
of producing immediate variations in 

degrees of expansion, are never- ^ 

theless not usually automatic in 
action, but are put into operation I 

by the hand of the cngineman. In ^ 

some cases, however, the governor tassBrnfiSmas 
is made to operate on the link ^ 

motions, and so control them in nniraiic xwn n 
an automatic manner. VOVBLh and i 

The value of automatic expan- 
skm gear lies in this. When tne load on an engine 
varies, or is liable to vary constantly, and yet a 
steady, unifmm rate of driving is desirable or 
eaaenttaJ, then the automatic gear is iastantly 
responsive to changes in speed, and corrects those 
conges in their incipient sta^. The governing 
differs from that of ordinary governors, which act 
on the steam supply valve — the throttle valve — in 
Mting instead on the slide valve. The difference 
is on important one, although, on first thoughts, 
it might seem a matter of indifference whether the 


laoK mmiTte adjustment is not ^ctioabte m the first, 
a of while it is in the second. The steam space inter- 
ine. vening between the throttle vahre and the steam 
o is ohest is too large to admit of instant results 
^an- following, and if the steam supply is largely reduced, 
non wire drawiM takes place in the passages. But if 

g is cut-off is effected by the slide valve the effect is 

instantaneous on the speed of the engine. 
Relations of Irassages and 
* Ports. In the type of Valve we are 


DOUBLE AND TBBBLB rOBTBD 
VALVES 


considering [ 6 ] the same passages and 
port opening are used alternately for 
}'ff /T Doth supply and exhaust This is not 
an ideal arrangement, and is one of the 
^ reasons for the preference often given 
either to Ckirliss valves, or to Drop valves, 
in which the functions of the passages 
are separated. It is essential to the free 
working of an engine that there should 
O, . be no impediment to freedom of ex- 

. ( haust, for if there is, a corresponding 

amount of back pressure is set up. This 
has to be overcome by the prewure of 
15. EXPANSION Jncoming steam on the opposite side 

ECCENTBIC ^ piston, SO throwing unnecessary 
work upon it. This back pressure is an 
evil, and asauch must be distinguished from the 
slight amount of cushioning produced by the small 
amount of lead given after tne steam has exhausted, 
and at the instant that the piston comes to rest. 

In the common valve, when the valve is at full 
stroke, and the steam supply port full open, the 
exhaust side of the valve nas travelled beyond the 
edge of the port from which exhaustion is talking 
place. The amount of overlap equals the outside 
tap minus any inside lap allowed. Consequently, 
when the supply port closed, the exhaust port is 
0 ()en only by an uniount equal to the outside lap 
aiaonasss^ " minus insidc lap. If the width of tin; 

ports is made to correspond with this 
exactly, the same area will be opened 
^ exhaust as to steam, wherens the 
former ought to be in excess of the 
- latter. This is often accomplished by 

® making the ports of greater widtli, and 

causing the valve to open the port to 
L ateam only partially, and to ojien that 
to exhaust fully. This design is termed 
) the cxhatist relief valve. 

samo principlc is carried a stage 
7 farther in the double and treble ported 

Ts. Double and Treble Ported 

Valve*. In the double ported 
valves [16] the steam fmssages, A. 
open out into two fjorte instead of 
^ ^ one. Compare with 5. l^he stenni 

Htm » i>r.i.>niin outside «nd through thr • 

lEBLE roBTED bp^y of the valve, BB, at once, and 

exhausts also into the arch, C, 
through two ports, which are fully open when the 
valve is at full stroke. Hence, also, the travel of this 
tyj>e of valve is only equal to one-half that of a 
single |K>rted valve having an equivalent |K)rt 
opening. Figure 17 shows the valve as it appears 
when Fully open to steam and fully exhausting. 
Treble ported valves [18] are on extension of this 
design, three [Kirts 0 {jeniug into each steam and ex- 
haust passage. Beyond this the designs of this type 
of valve do hot go ; if less movement is required, and 
sharper action, the Corliss, and Drop valves are used. 


Continued 
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Spme Proved Recipes for Bleaching, Dressing, Finishing, and 
Preserving Various Leathers. Dictionary of Leather Terms 


A FITTING conclusion to the course on the 
leather industries will consist of some prac- 
tical recipes for the use of leather-workers. The 
recipes which follow on this page have been 
compiled by one of the first leather exerts in 
the country, and have been proved and found 
excellent for their specific purposes. 

CiTBRiBRs’ SizB. Boil | gal. of glue size and 
add j pt. soft soap, j pt. curriers’ grease, and 
1} pt. of milk. Strain ready for use. 

Kid Size. Take cuttings of calf kid that have 
been tawed, and cover them with water and 
simmer them for a few hours. Apply with a 
sponge. If required black, add a sufficiency 
of bone-black. 

Paste for Filling Splits and Kips. Mix 
1 lb. of rye or household flour with 1 oz. of resin, 
1 oz. of white curd soap with oz. of clear glue, 
and 14 oz. of liest tallow. Add a few drops of 
ammonia. Another recipe is 1 qt. of flour, 2 oz. 
of tallow, I oz. of resin, If oz. of beeswax, 3 oz. 
of soap. 

(Colouring for Waxed Butts. Mix to- 
gether cod oil and vegetable black, and apply 
to leather previously slicked, cleansed, and 
sized, with a brush ; or a sizing of gelatine may 
be given first, the leathep glassed, then apply 
the above. 

Leather Finishing Size. 4 oz. of gelatine 
is placed in 5 gal, of soft water until swollen and 
softened. When this has taken place, it should 
bo subjected to heat in a water bath, stirring the 
while. To tins is added the following ; 0 oz. of 
linseed oil, 2 lb. of camauba wax, 14 lb. of white 
curd soap, and the mixture is heated until 
thoroughly dissolved. A little dye used to stain 
the skins is sometimes added. One or two coats 
may be given. When dry, polish with woollen 
cloth. 

To Impart a Dull Lustre lo Leather. 
Dissolve curd soap in lukevarm water until a 
syiiipy solution is formed. Sponge, this evenly 
over the leather, and when dry polish by rubbing 
with a woollen rag. 

Bleaching Leather. Carefully go over the 
leather to bo bleached with a moist sponge, so 
that the whole of it is evenly moistened. This 
application is improved if sal ammoniac is added 
to the water. By anplyiiig peroxide of hydrogen 
with a cloth or clothes brush, the leather will he 
bk^ached. Repeat the operation until bleached 
sufficiently. 

Dissolve borax in water, about 1 lb. to each 
3 gal., and soak the leather. Dip the leather in 
sulphuric acid and immediately wash in soft 
water. Put the leather in a drum with hot 


sumach solution, adding a ^^th part of muriate 
of tin. 

Topsizb, or Finish fob Black Leathers. 
Dissolve white shellac in water and borax, with 
the aid of heat. Add nimrosin for colouring 
matter, and allow to cool. Jnit on with a sponge 
or China moss dissolved in water and boiled for 
a couple of hours. 

Shoemakers’ Wax. Take equal quantities 
of pitch and resin, and add, according to the state 
of the weather, tallow. Pour the mixture, after 
heating, into cold water, and pull it until it is 
able to float on the water, taking care to keep 
the hands well wetted, to prevent it adhering 
to the fingers. 

Saddlers’ Wax (Black). Take 1 lb. pitch 
and 1 } lb. resin, and mix with a sufficiency of seal 
oil. In cold weather, odd J lb. less resin. Bone- 
black can be added to make it very black. After 
the pitch and resin has >>een melted, add the oil, 
the amount varying with the time of year — 
winter or summer. Pour the mixture into cold 
water, and knead and pull it until it floats. 

Saddlers’ Wax (Brown). Take of light- 
coloured resin 14 oz., of white lead oz., and of 
beeswax I lb. t^reparo as for black wax. 

Harness BiiACK Dye. Take 20 parts water, 
4 parts logwood chips, 1 partnutgalls (powdered), 
and 2 parts copperas, with a little gum arabic, 
to add a consislency to the mixture. A drop or 
two of ammonia adds to its striking power. 

Permanent Bi^ack Ink, Take 1 lb. logwood 
chips and 1 gal. water, and boil for half an hour. 
Then add J oz. of bichromate of potash. When 
cold, add the solution made by dissolving glue 
in water. 

Paste for Polishing Brown Leather. 
Melt together lb. of beeswax and J lb. lard, 
adding, when mixed, J lb. of oil (neatsfoot). 
When it has half cooled, add J lb. of turi)6ntine, 
with dragon’s blood or similar colouring agent. 
Rub the mixture when cool on the leather, brush 
it well, and afterwards finish the polish with a rag. 

To Keep Patent Leather Soft and Lus- 
trous. Melt white wax over a water bath, 
adding a little pure olive oil and rectified lard, 
and mix by stirring and adding oil of turpentine. 
Allow to cool, and when wanted, rub a little on 
the patent with a rag, and polish. 

Shoe Dressing. Take 1 lb, of gum troga- 
canth and ^ pt. of cod oil, and put them to 
dissolve overnight. Next day pour on j gal. of 
boiling water and allow to stand for 5 or 6 hours. 
Stir well and add more water gradually, day by 
day. This dressing gives a moist, soft feel to 
the leather. 
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eeiuc. 

_ _ u»ciHI(iiru with 

bftiB aoroM the front and 


bark, oucn 

ia»ui inruia mom ui width. 
Bapk«fid4Mt laats—A last out from 
the wood in suefa a manner that the 
sides of the last mn parallel to the 
bark. Lasts cut this way shrink 
most in height. 

-The soaking of skins in 
soften 


skins 


waainff — ine luseruon of a thin 
double strip between two other 
pieces of leather so as to show the 
folded edge of the thin piece. 

Belly — Hhe portion of a hide or skin 
that ooTers a similar portion of the 
animal from which it is taken. 
It is very flexible and loose. 

Bespoke — Shoes made to the In* 
dividual order of a customer. Shoes 
to measure. 

Bevel — The skive or slant of a piece 
<}f leather. Varied according to the 
thicknesses of the leathers lapped. 

Bevel^toe — The toe of a last which 
bezels or slants considerably. 

Block - fitting — The method of 
fitting uppers on the block, which 
is shaped like a last. 

Blocking — ^The process of welting 
leather and pulling to a given shape. 

Boots — Shoos that are cut to cover 
over the ankle-bones. 

Bottom-width — ^This term is ap- 
plied to the widest part of the last 
m the fore part. They vary l*12th 
inch for each size. 

Box -calf — Calfskins dressed by 
chroming, with a rubbed-np marking 
on the grain side. 

Braced — ^The sewing of the upper 
to the inner sole by an o>er-aad-over 
seam. Resorted to when nails are 
undesirable. 

Buffed — Scraped with a steel scraper 
until smooth. 

Button-fly — The portion with the 
buttonholes cut in on a button boot. 

Butts— The section of the hide that 
adjoins the lower end of the back- 
bone. Considered the beat portion 
of the hide. 

CALF - KID — A duU*jEaced» soft 
supple leather, tanned by alum, etc. 
Is easily softened by soaking. 

Calf-patent — Calf skins stretched, sand 
enamelled on the flesh side with an 
elastic varnish. 

Cement— A term used to describe 
the eolation made by dissoJving 
idighi rubber in naphtha. Used in 
shoe-work for expoH trade to pre- 
vent germlnatkni. 

ChiM>me-eftif— The ^ skins of calves 
dressed the mtoeral chrome pro- 
cess. Instingiidih^ by green 
appearance in out eectlon. 

Clteker— A person who cuts up 
upper leather. 

Clouer^^e person who fits together 
and sutciies the uppers of shoes. 

Closliig- 7 -Tlte art of putting together 
1 ^ stitching the varloiis parts of 
riioe uppers. 


Comb — ^The ridge cm the top of 
the Instep of a last whirii eicteiids 
haekwaras to the heel portion. 

CombNlagts-— Tiasts maae idl in 
one piece without the uiiial seotienal 
]^eee are termed ** comb laats. 
They are usually smaller than re- 
QUired. to allow of a piece of leather 
being inserted. 

Curium — The true skin. The portion 
which forms the pelt and is used to 
make leather. 

CountOP— The stiffener used at rite 
back of a boot or shoo, and com- 
posed of varions materials, such as 
leather, cardboard, pulp, and canvas. 


DBAO-WAIKTB— The waists of lasts 
that are flat. 

Depilation— Removing the hair from 
tiie skin protrious to tanning. 

Dapblns— Tlip shape of hoot with 
an outside quarter out to a point 
which is placed over the vamp. 
It is the shape largely used for 
shooting-boots. 

Dextrin — Otherwise called British 
gum. Used for sticking together 
greasy loathors. Rot much used 
for lighter varieties owing to its 
stiffenmg properties. 

Draft— -Is a property imparted In 
footgear, the result of pulling the 
upper in given directions. It tends 
to counteract the spreading of 
shoes caused by the intermittent 
pressure transmitted during usage. 

Drafting — The alteration of the 
curve of a porrion of a boot with 
the object of ensming a tension at 
that part to oppose any strain put 
upon it during wear. 

Draft-plan— The ontUite of the 
foot that is made by pencilling 
round It with an upright pencil. 

Drop-feed— The feed of a sewing- 
machine which, after it has moved 
forward the requisite amount, 
lowers Itself on its return. 

Drop-waists — ^The waist of lasts that 
are arched are termed** drop- waists." 

PAOINQK— The inside strip of 
leather placed under or over the 
edge of the boot where the eyelets 
are placed. It is used to give support 
to the strain caused in lacini:. 

Feather — The reduction of the edge 
of an insole to prevent it curling or 
hurting rite wearer’s foot. 

Finishing— The process of knifing, 
rasping, sand-paperiug, inking. Iron- 
ing, am burnishing the edges and 
bottoms of boots. 

Fittings — The inside portions of tlie 
boot, such as top-bands, facings, 
straps, and linings are termed 
’* fittings.’* The word is akK» used tt) 
express the different widths of a 
given size. 

Flesh — The under portion of leather — 
that which comes near the " flesh ’’ 
of the animal. Is dlsringuisbed by 
Its rough appearance. 

Fleshing— The process of removing 
the bits of flesh from the back of 
the skin before tanning. 

Forme — ^Thla term is applied to a 
shape wliich is sufRoient to cover 
one side of the upper portion of a 
last. It is in shape like a last, and 
is from the French form * — a last. 

QAIIIMLDI — The shaix) of the 
front porrion a boot that consists 
of a fancy strap made continuous 
with the vamp. I 4 irgely in vogue 
in elastic-sided boots. 

Olove-^td — Skins usually from the 
kid, but sometimes from the lamb, 
dressed by the tawing process. They 
are soft and supple, but easily wetted. 

Golosh— The name of the whole-cut 
vamp. An over-shoe. 


Grain — ^The name given to the 
top portion of the leather, that 
which comes nearest to the 
epidermis of the real skin. Also used 
to signify a smooth leather well 
stuffed with grease. 

Growth-marks— The technical name 
given to the shiny lines found on the 
shoulder porrions of many skini. 

HAND-MWN— The method of bot- 
toming that consists of a welt sewit in 
with the upper to rite insole. After- 
wards the sole is stitched to the welt. 

Hoal-maasure — The distance round 
foot at ^e simrp l^d in rite 

^ — The name given to 

the metal plate found on the seat 
of some lasts. It enables the hetds 
to be nailed on, the metal plate 
clinching the nails. 

Hides — Skins taken from the 
backs of the larger animals, such as 
oxen or buffalo. 

Hinged Lasts — When the last is sawn 
in two to make it easy of with- 
drawal and insertion in a boot, and 
the parts are hinged together, they 
are lumwn as hinged lasts. 

Horsing— The raising or lowering 
of the upper at t^be seat wiien 
pulling it over the toe of the last 
for lasting It increases the tension 
from seat to toe. 

INSOUMmAPB— The design cut 
to fit the bottom shape of the lust. 

JOCKBVG— A long l)OOt cut with 
a tongue and seamed back. Has a 
coloured top leather. 

Joint-line — The position in a pattern 
where the Joint measure is taken. 

KANMIIOO — The skin makes a 
very fine, light, and tough leather. 
It is dressed in various ways, such 
as tanned with gambler, tanned with 
alum, into dull leatlier and glazed 
likeglaces. It is also enamelled. 

Kips— The skins of small animals 
not fully developed arc termed 
kiiw. There is much sijecnlation as 
to its exact meaning in this direction. 
It Is also used to signify skins ot 
chamois. 

Knifing— Hhaping tiie edges of Ixiots 
to prepare them for the burnishing 
process. 

LAMQTIIIBS— A design of shr)e witii 
a rounded latchet fn>nt. 

Laster — The workman who pulls 
the upper to the last, and thus 
imparts the requisite shape. 

Last-fitter — The man wlio takes a 
stock-shaped last and leathers it up 
to suit Individual requireiricnte. 

Lasts— These are models designed 
to represent the mean action of tin* 
foot’s motion for a particular pur 
pose, over which the shoe is made. 
iWietimes said to be models of the 
human feet. 

Last-spring — If the toe of the 
last rises or curves upw'urd from the 
table, this elevation is termed 
‘‘spring." it varies with the stout- 
ness or lightness of the boot as well 
as the gait of the fterson for whom 
the last is intended. 

Latchet — The tab of the front 
portion of the quarter of a Derby or 
tie-shoe. 

Leg position— The relation of the 
leg imrtion of the boot to that part 
which clothes the foot proper. 
May be either forward or backward 
leg position. 

Levants— Is a temt used to daieify 
leather with a pebMy grain, originally 
from the Jievant. Often used to 
denote an artificial printed leather. 

Lift— see Hftinj. 
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Lifting— The pieces of leather need 
to build up a heel are termed lifting^ 
The bottom lift near the ground is 
called a top piece. 

Ligaments— Bands of ftbres that knit 
together various portions of the foot. 

Line of contact— The placemen the 
bottom of the last which touches 
the ground when the last is placed 
ill its right position for the kind of 
heel required. It is Important In 
determining the shape and propor* 
tion of a last. 

Lines of tightness— The directions 
In which the skin nulls tight when 
subjected to a nulling strain. The 
observance of them in cutting and 
making footwear is important. 

Liming— The process of steeping 
skins in llmc'water to loosen the 
hair and outside skin. 

Long-heel— The measurement of 
the foot from top of instep to the 
heel portion. 

Long-work— Is a term given to 
boots that are cut higlicr than short 
boots, and reach to the calf or 
higher. 

MAOHINB - SBWN— This is also 
known as Blake or McKay sewn. It Is 
a cl)ain<«titch that goes rlgiit 
through the sole, middle s(»le, upper 
and insole in a vertical manner. 
The majority of factory boots arc 
mu<le on this principle. 

Machine-welted— A boot made 
on the same principle os hand- 
sewn, but Uic welt and sole are 
machine-sewn and stitclied re- 
Miu'ctively. Known also as (hHidyear 
welted. 

Memel calf— A skin dressed on 
the grain side and boarded to give a 
very flue, pleasing grain. Much used 
in ncutland. 

Mineral tanned— Tanning performed 
by chemicals in contrast to vegetable 
tanning. Chrome leather is a sample 

OPPAL — The portion of the Iiide 
that is inferior in (|uality, as the 
bellies, ehccks, and faces. 

Ooze-caif — A soft chromed leather 
wltli a pebbly grain and flne, velvety 
back. 

Orthopaedic— A term applied to 
footwear for shoes fltled and suitable 
for cripples. 

Oscillating shuttle— A shuttle which 
travels to and fro in a restricted arc 
of tiie circle, 

PA8TK-PITTINQ- The process in 
fitting together the various parts 
of an upper by paste prior to its 
muehine-stitching. It comprises 
skiving, turning in, ami other 
similar processes. 

Patent— A leather whicli lias an 
enamelled face of sliiny varnish is 
terimnl pa(efU> It is so called owing 
to the vroocsB of preparing originally 
being a patent. 

Pattern-making— The art of de- 
signing and cutting vuttcriis to lasts 
for boots and shoes. They are made 
h) paper, cardboard, metal, and card 
with metal-bound edges. 

Pawl— A bent sector ph'co of metal 
which engages with the ratchet In a 
sewing-inaclilne. 

Pedlstat— An tnstxument for raoaaur- 


PulT- The thin piece of skived leatlier 
placed under the toe id the upper to 
keep the toes from injury. 

Puff-toe— A toe of last that Is liigh 
and round. 

QUAfrnmS-The back region of 
a boot or shoe. 

RAW gDOR— When a piece of 
leather is laid over another without 
turning in it is said to be raw 

Reciprocating shuttle— A form of 
shuttle — usually boat-shaped — which 
travels to and fro in the snuttle-race. 

Riveting — A process of fastening 
the soles to the inner soles by means 
of brass rivets. Often used in cheap 

R<»m — Sheepskins with a grained 
face, used for linings. 

Rotary shuttle— A shuttle which 
rotates completely round in a circle. 
The highest form of high-speed 
mechanism. 

Roundings— The name given to 
the poorer parts of leather, thrown 
out when cutting up skins. The 
edges or skirting of skins. 

Russet-calf—The calfskin in the 
crust before It has been curried or 
Vdackened. 

Russia— Tiie name of a brown 
birch or larch dressed calf. Distin- 
guished by its odour, duo hi birch oil. 

8ANDAL8 — A low form of shoe which 
leaves the foot fairly free. 

Satin-calf— Sometimes also known 
as fiat-calf. A calfskin dreR8(^d in 
the ^ain, but finely buffed to a 
smooth face. 

Satin-hide— The split hide of the 
buffalo. The grain is buffed or 
scraped, and thus produces a very 
fine face — ^lienee the name. 

Scale — A range of sizes and fittings 
suitable for lasts. 

Scouring —The process of removing 
the dirt and smoothing the skins 
preparahiry to leatlier finishing. 

Seat — The portion of the boot 
immediately over tiie heel. In hand- 
sewn work the seals arc either 
pegged or sewn. 

Second-lasted— After a tum-shoc 
is sewn it is turned and then jilaced 
again on the last. This is tnrmed 
Beeond-lacting^ as it impaits the 
8ha)>e of the last to the upper. 

Sectional Lasts — Lasts made in 
several pieces to facilitate the with- 
drawal from the boot after it is 
made are termed testicmal or easy 
exit lasts. Several forms are covered 
by patents. 

Sew-pounds— The process of making 
siloes inside out. The inscam is 
placed all round the sole and upper. 
See also turn-ahoe. 

Shanks— The portions of leather 
that cover the hind- legs of the animal 
from wldch the skin is taken. Also 
the waist or narrowest part of tiie 
sole of the boot. 

Shoes— Shoes that are cut below 
the ankle-bones. 

Shoulder — That portion taken from 
the shoulder of a skin. Is usually 
fine and tough. 

Shover— A leather fitting mode 
to go down the front of the last to 
increase its measurement. 


S!abs— Under-splits of leathers out 
into two or more sections. 

Slack-thread— The thread paid out 
tlirough the eve of a machine needle 
to allow the shuttle to pass through. 

Slipper^lasts— Slipper-lasts are shaped 
more like the foot in a position of 
rest, Msd are used to make low- 
heeled Bhoea— auch as slippers. 

Sole-shapes — ^This is the term given 
for the shape used to make the 
bottom portion of the last. It corre- 
sponds to the insole shape. 

Sole-area— That portion of the 
foot which, if coloured with a dye, 
would make an impression on paper. 

Specials— A term used to designate 
bespoke or custom work 

Spilt — ^The name given to the flesh 
portion of a split hide. If waxed, 
known as toaxed splits. 

Shoemaker^s Paste— Made from flour 
— usually rye — fermented to produce 
smoothness. Glue is often added to 
give body. An excellent paste for 
' sticking. 

Standara — The first pattern cut 
for uppers. It is usuaii> size 4 
for ladies, and size 6 for men. 
Other sizes arc mode from tiie 
standards. 

Stiffener — see coutUer. 

Straights — The form of last which 
determines boots with both sides 
alike. A symmetrical last. 

Stretch — When a piece of leather 
is subjected to pulling and it gives — 
this giving is termed ttrtich> 
Stretch vaiies in different portions 
of the skin, and is Influeuccd by 
taimiug. 

Stuffing — The art of forcing fats 
and waxes into leatlier during 
currying, either by hand, or drum. 

TANNIN — Tiie astringent projMirty 
found in most vegetable products, 
cliiefly extracted from barks and 
seed-pods. 

Tawing — Tlic process of preserving 
skins by treating them with alum 
and salt. The skins so produced are 
soft and stretchy. 

Tension— The strains set un in 
leather during lasting. The piul i>ut 
on a thread in a sevdng-inachitie. 

Tongue— The strip — single or double — 
of leatlier found under the eyelets 
in a lace boot. 

Top-bands — The pieces of leather 
mund inside the top edge of boots. 

Trimmers— A short blade inserted 
vertically close to the needle which 
trims the material at the same time 
as it is closed. 

rurnlng-ln— The edge of leather 
folded under so as to show a smooth, 
rounded edge. 

Turn -shoe — A shoe that is made 
Inside out with an insole, ami after- 
wards turned. The most flexible 
form of making shoes. 

UNDRRLAV8— The rurtiou of leather 
that goes under the lap of a seam. 

Uppers — Also called “ tojis.'’ The 
portion of the boot that covers the 
upper surface of the foot* 

VAMP — The front portion of the shoo 

WAX-OALP— The skin of the calf 
tanned, curried and blackened on 
Uie flesh side. 


ing exactly the imman foot. Side- lace— A boot to lace at the Wellingtons— A long boot with 

Pegged— The method of bottoming side instead of in front. A very side-seams from top to bottom, 
which uses pegs of wood to fasten comfortable form of boot. Welted —The process of bottoming 

Uio Solo to the upper and insole. Side-spring — A boot cut with elastic shoes, using a welt as an iuter- 

Pelt —The skin after the epidermis, gussets at each side. mediary for attaching the s^e. 

liair, and flesh have been removed. Size-stlok — An instrumenc used Wheel-feed— The feed of a sewing- 
Tiie true skin. That portion which foi measuring lengths of feet and macliine formed by a serrated pcrl- 
the tanner converts into leather. lasts. One size equals one-third phery of a wheel. 

Pitch— The provlslmi in a last to of an inch. White whale — A leather often sold 

accommodate the height of heel. Skins — The names of hides taken from as, but inferior to, imtpoise. 

Porpoise— The leather from tlie the backs of the smaller animals. Wing— The portion of the vamp 

porpoise. Is a very durable and Skived — The bevelling or reducing or front of the boot which luns Into 

tough leather. Used for shooting- of the edges of leather to allow one the waist or shank. Also applied to a 

boots ana laces. ^ portion to lap over another. form of toecap that has long Mdes* 

Leath^ concluded; foUomd by Wood- working 
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ITALIAN-FRENCH-ESPERANTO-GREEK 

LANGUAGES 

Italliui by F, de Feo ; French by Louis A. Barb4, B.A. ; 

S9 

Esperanto by Harald Clegg ; Greek by G. K« Hibbert, M.A. 

Cautltined from 
p«ge 6»20 


ITALIAN 

CONJUNCTIONS 

^CONJUNCTIONS flre used to indicate a relation 
^ Ixitwoen two proposit iona, rk : jif w fratello scrive 
ehe a Londra fra qualche giimio. My brother 
writes that he will be in London in a few days ; 
Pietro € Carlo leggono {Pivtro Icggv, v Carlo legge), 
Peter and Charles are reading. 

CVmjiinctions are invariable, and are either simple 
or compound. 

(a) Simple conjunetions arc : 

c (liofore a vowel, also ed), and 
(wf/t), nor 

o (before n vowel, also oj), or 
che {keh)^ that 
ma (mah), but 

anzi idhii-dzee), on the contrary 
f<e {seh), if, whether 

dimgiiv (doon-koo-ch), then, so, therefore 

{b) Compound conjunctions are : 
opptire {oppoo-ri'h) \ 
ossia (ossee-ah) }■ or 

ovvero {ovvl*kro) * 

eppure {fhppod-reh)^ and yet 
ebfwnc {ehhb^h^neh), well 
sebbenc {schdjh^h-neh)^ although 
perche, why, l»eca\iw» 
dutch ft since 
poicMt 

purch^.f provided that 
per qnantOt however , 
di mnniera ehct so that 
affinche, in order that 
etc., etc. 

As to their meaning, conjunctions are divided 
into co-ordinative and snlKtrditmfivc, 

'rhe c<i*ordinative may lie divided into : 

1. Copulative : t, and ; afichf\ also, too ; anrbra, 
yet, still : nemmeno, neppure, not even, etc. 

2. Diftjunctivo : o, nvevw, oppurct ossia, or ; 
ft pivitostot or rather ; etc. 

3. Adversative : ma, but ; initarm, bow'cver ; 

yet; anzit on the contrary; d" ultra paries 
on the other hand, etc. 

4. Declarative : that ; doe, that is ; txde 

a dire, e quanto dire, that is to say, etc. 

5. Consecutive ; dunqttt, so ; perdo, quindi, 
therefore ; per rormegmnza, consequently, etc. 

The subordinative conjunctions may be divided 

1. Bel^tive ; che, that ; come, as, etc. 

2. Temporal ; dopocM, after ; dacchit since, etc. 

3. Causal : ptcrcM, because ; poicMt giaccM, 
since. 

4. Concessive : benrh^, qtmniunqut, schhene, 
thongh, although ; per quanto, however, etc. 

5. Conditional : se, if, whether ; qufUora, if ever ; 
pvreh^, provided that ; mpposio cf^e, supposing 
that, etc. 

<1. Consecutive: dl modo die, so that; tanfa 
che., so much 80 . that, etc. 

7* Final : affinch^, aedocchi, in order that, etc. 

1© G ^ 


By Francesco dS Feo 

ICXKKCISB LII. 

1. Mio fratello e mia sorella sono arrivati oggi 
da Pariffi. 2. Pcrchc non siete venuti alia stazione ? 

3. Perefe non nbbiamo potuto trovare uiia carrozza. 

4. Non se no vada ; aspetti che io ritorni. r>. 
Se mio padre me lo permettesse, verrei voleniicri. 

6. II mio orol6gio costa il doppio del tuo ; cioe 
centoventi lire. 7. Ho dimenticato di prenderc 
il biglietto, percio non son potuto entrare. 8. Io 
vi atidrei. se avessi tempo e daiiaro. 1). Vi bo 
chiamaio due volte, ma non mi avete risjiosto. 
10. Egli non si c mai data la jjena di restituirmi 
il danaro che mi deve, sebbeno gltclo iibbia chiesto 
diverse volte. 11. Oli ho mandato una l^ttmi 
raoeomandata, cosi non potri dire che non Tha 
ricevuta. 12. Se foste arrivato prima, sarebl>e 
stato molto meglio. 

Esebcizi(» i>i LETTrR\ — continued 

A1 iiibversi di don Rodrigo, il nostro frate gli 
s' era messo davanti, ma con gran rispetto ; e, 
alznte le inani, come [rt supplicare e per trattenerlo 
a un pimto,' rispewe aucora : “ la mi promo, b 
veto,* ma non piii di lei ; son due anime che, 
Tuna c I’altra.^ ini j>remon ])ih del mio sangue. 
Don Rodrigo ! io non posso far altro per lei, che 
pregar Dio ; ma lo faro ben di cuore. Non mi dica 
dino; non voglia tenor nell’ ang68cia o nel terroreuna 
jibvera innocente. I'na pnrola di lei pu6 far tiitto.'' 

“ Eblieiie,” disse don Rodrigo, “ giacchc lei 
erode ch* io f»ossa far molto j)er questa persona, 
giacoh^ questa persona le sta tanto a cuore** . . 

Ebbone ? ” riprese ansiosamonte il padre 
(Vistdforo. al quale Tat to e il conterao di don 
Rodrigo non fKTmett^vano d^alibandonarsi alia 
s{)eranza chc pardvano anuunziare quelle parole. 

“ Ebhenc, la consigli di venire a m^ttersi sot to 
la mia protezione. Non le itiancherA. piu nulla, 
e nessuno ardira d’ inqiiietarln, o ch* io non son 
cavaliero *' " — continued. . 

^ Notes. 1, at the same time; 2. she interests 
me much, it is true; 3. both; 4. is so dear to 
you ; 5. as surely as I am a gentleman. * 

IRREGULAR VERBS 
Second Con}ugatlon — continued 
Verljs in me (short)— continued 

Senotere* to shake 
PastJMf. — Scofid, ecO'^Me, scdsMiro, 

PaH A 

Sodnrre (sedurtre), to seduce [see 
jiage 5082] 

Sommerfere, to sink 

Past De/. — Sommersi, mmmerse, mmrnhstro. 

Past Part, — Somm*>rso. 

Conjugate like somwhgere : emhrgerc, to emerge. 

Sorfere* to rise 
Past Def, — Sorsi, sorse, sdrstro. 

Past Part, — Horto, 

Conjugate like sorgere : risdrgere, to rise again; 
insdrgere, to reliel. 
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Sparferef to disperse 
P(Mt Def. — Sj^rsif sparse, sphrsero. 

Past Part. — Sparso, 

Conjugate like spArgere : cospdrgere, to sprinkle. 

Spesnara (spingere), to extinguish 
Jnd, Pres, — JSpengo, spegni, spegne, sptngiamo, 
spegnete, sp^ngojw. 

Past Def, — Spensi, spense, splnsero. 

Past Pari. — Spento, 

Splnifere. to push 
Past Di^f, — Sninsi, sptnse, spinsero. 

Past Part.-- N pinto. 

Conjugate like spingere : resplngere, to push 
back ; sospingere, to press on. 

Sporgere# to stand out 
Past Def. — ajxtrsi, sparse, sporsero. 

Past Part. — Sporio. 

Stringare, to tie tight 
Past Def. — Strinsi, atrinse, strinscro. 

Past Part. — Stretto. 

Note hero the expression strhigersi la. mam, to 
shake hands. 

Conjugate like stringcre : ristrlngtre, to restrain ; 
costrlngere, to constrain. 

Struggere, to dissolve ; Struggemi, to melt 
away 

Past Def. — StrtMsi, striisse, stnUscro. 

Past Part. — StruUo. 

Conjugate like atrihygere : diairuggere, to destroy. 

Svellere (poet, sv^e), to root up 
Ind. Pres. — Svello (svelgo), svelli, svelle, svdliamo, 
svdletc, svdlom and svUgorw. 

Past Def. — Svdsi, sveltesti, avdsc, etc ; svdsero. 
Past Part. — Sv^lio. 

Tcrgere* to wipe 
Past Def. — Tersi, terse, Ursero. 

Past Part, — Terso. 

Tingere, to dye 
Past Def. — IHnsi, tinse, tlnsero. 

Past Part. — Tinto. 

Togliare {tdrre), to take off 
Ind. Pres. — Toglo, togli, toglie, togliamo, togliete, 
tdlgono. 

Past Def. — Tolst, Udse, tdlsero. 

Future — Toglierd, toglierai, etc., and iorro, torrai, 
elc, 

Imperat. — Togli, tolga, togliamo, ioglieie, tolgano. 
JSttbj. Pres, — Tolga, tolga, tolga, togliamo, togliate, 
tolgano, 

Condit. — Toglierei, ioglieresti, etc., and torrei,* 
forresth etc. 

Past Part. — Tolto. 

Torcere» to twist 
Past JJef.— Torsi, torse, tdrsero. 

Past Pari.-^Torlo. 

Tradurre {tradiicere), to translate [see addiirre, 
page 5082] 

Traire (old form : trdere), to draw 
ind. Prts^-^Traggo, trai, trae (traggiamo), trade, 
trdggonof^ 

Past Def. — Trassi, tro/edi, trassc, traemmo, traeste, 
trdssero. 

Future — Trarrd, trarrai, trarrd, etc. 

Imperat. — Trai, tragga {traiamc), traete, trdgfano, 
8ubj, Pres. — Tragga, tragga, tragga {iragghtamo} 
(tragghiate), trdggano* 

8ubj, Imperf.-^Traessi, etc. 

Past PaH,—Trano, ^ 

Cemiugate like ifdrrc ; cofUrdrre, contract; 

» • ddfdfte, to detract ; oJUsdne, to attract ; sattrdrre, 

isaso « 


to subtract; fdrdrrc, to draw out; protrdrre, .to 
protract; dwfrdrre, to distract* . 

Ungere* to anoint 
Past Def . — Vnsi, unse, Unsero, 

Past Part. — Unto. 

Vlncere» to vanquish 
past Def. ^Vinsi, vinse, tinsero. 

Past Part.—Vinto. 

Conjugate like vincere : convincere, to convince. 

Vivero, to live 
Past Def. — Vissi, visse, visserd. 

' Future.-^V itrd, vivrai, etc. 

Condit— ivrei, vivresti, etc. 

P<i8t Part. — Vissuio (vivuto). 

Conjugate like vlvere : sopramdvere, to silrvive ; 
rivivere, to live again ; convivere, to live together. 

Volgere, to turn 
Past Def. — Volsi, vdse, vdlsero. 

Past Part . — VMto. 

Conjugate like volgere : rivolgere, to turn ; 
rivdlgersi, to apply ; sconvolgere, to overturn; 
svdlgere, to display, to unfold ; invdlgere, to wraj) 
up, to infold ; travdlyere, to confuse, to roll over. 

Exsrcisb LIII. 

1. D^iteiui un hammifero, per piacere ; il mio 
sigaro si k spento. 2. Non lasciate sp^gnere il 
fuooo, perch^ ritorneremo a casa presto. 3., Il 
nemico e stato respinto, ma con gravi perdite 
dei nostri. 4. Sono convinto che le cose stanno 
come lei dice. 5. Le jiar6 un interessantlssimo 
romanz.o tradotto dairmglese. 6. Che cdsa mi 
consiglia, di tradurre dairitaliano in iuglese o 
dairiuglcse in italiano ? 7. Esse si oohdbbero 

tro anni fa a Firenze, e daU'ora in poi {since then) 
sono sempre vissute iasieme. 8. L'affare pareva 
quasi conchiso, ma aH’ultim’ora sono sorte tali e 
tante difficolt^, da togliermi ogni speranza. 9. 
Questa ^ una bella occasione per lui, vedremo se 
questa volta sapr& trame proiitto. If). Bgli h 
andato in America, attr&ttovi dalla speranza di 
gran guadagni. 11. Quel mio amico che rlusol a 
vincere una iinmensa fortuna a Monte-Carlo ha 
dnito per udrdere fino all’dltimo soldo. 12. “ Questa 
^ la ’ mvola ” disse il v^icohio, scotendo il capo, 
“ tra^tene voi la morale.” 

Conversazione 

Abbia pazienza, signoi'e; due minuti e eono^a 
sua disposizione. % . 

Non posso aspettare di phi {any longer), perchd sono 
gik in ritardo d’un auarto d’ora. 

Feroh^ non me jo ha-detto priuia ? 

Me n*ero dimentJeato. 

Se incontro il suo amico, cosa devo dirgli ? 

Gli dica che ha torto di ^ssere in c611era con me. 
QuR>ita gente ! non credo che oi sark posto. 

Il teatro d abbastanza grande, posto per 
tutti. ^ 

E Buo fratello, perchd non k venuto con lei t 
Perch6 aveva cjualche cosa da fare, ma veerk 
pih tardi. 

Resterk a cena {supper) con noi dopo lo spettkoolo? 
Conpllsoere. 

Buona sera, signore ; e grkzie della bella com* 
pagnia. 

Key to Exeboxbs XJ. 

L After onlv two hours* .fighting, the enemy 
was completely defeated. 2. train from 
Paris has arrivM forty minutes late, 3. The two 
sides of the river are joined by a wooden bridge. 
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4 . Mr. B. haft been elected a member of Parlia- 
ment with eight hundred votes out of a thousand. 

5. Wh^ have you put my portrait 7 0. You 

look as if you had been crying. What has 
happened 7 7. I never should have supposed 


ADJECTIVES 
I. AAi^ement of Adjoctivoa 

1. The adjective agrees in gender and number 
with the noun or pronoun to which it refers : Les 
beaux arbreSy the beautiful trees : les hellts fleursy 
the beautiful flowers. 

2. Yotm very frequently and mm sometimes refer 
to one person only, and in that case adjectives in 
agreement with them must be in the singular : Vous 
Hes Migi de ne pas laisser ntmirir un eamarade 
sans secours. You are obliged not to allow n comrade 
to die without help. 

3. When an adjective refers to more than one 
noun, it must be in the plural number : Le rot ti le 
berger semi ^gaux apres la nmrf. The king and the 
shepherd are equal after death. 

4. If the nouns are of different gender the adjec- 
tive must 4)0 masculine and plural: Chacun travaillait 
eomme s'il avail sa vie et Sfm bonheur attachh an 

Each one worked as if he had his life and 
his happiness depending un success. 

5. When an adjective referring to nouns of differ- 
ent gender has different endings for masculine and 
feminine, the masculine noun should l>e placed 
immediately before the adjective : Cetk darnc. est 
mise avec nne Higanee et un goUt parfaits. That lady 
is dreftsecl with perfect elegance and taste. Theiv 
would be a harshness of sound if the feminine 
noun H^gance and the masculine adjective parfaiU 
were brought close together. 

fl. An adjective though placed after several 
nouns, agms with the last of them only if («) they 
are practically synonymous ; (A) if they form % 
(iimax ; or (r) if the lust of them sums up all the 
others : L'aigle fend les airs avec ufie vigueufy nne 
ritesACy une rapidiU prodigieuscy The e^gle cleaves 
the air with prodigious vigour, sj)oed, and rapidity. 
In a construction of this kind, the use of the 
conjunction et should be avoided. 

7. An adjective occurring after two nouns joined 
by on must be singular or plural, according as it is 
intended to oual^*^ only the latter, or both of 
them : Les rolonnes des maisons sc conMruisent en 
fer on en pierre frh dure. The pillars of houses are 
made of iron or of very hard stone. Les Lapons se 
murrisstrU de chair on de poisson crus. The Lap- 
landers feed on raw flesh or raw fish. 

8. When an adjective comes after two nouns 
joined by ainsi qne, de mfme que, ojmwic, as, aussi 
hien que, as well as, plutdt que, rather than, noti 
pfiw que, no more than, it agrees with the first only t 
Im ^nihhe, comme le lion, est cartiassiere, the 
panther, like the lion, is oamivorouR. 

0. Strictly speaking, adjectives cannot influence 
a noun, and it is not correct to say les hngues 
anglaiae et fran^aise, the French and English 
lanmages. We should say, either, la Irngue 
nnMise et la langne frm^aisc, or, la langm anglaise 
et la Jran^ise, Many writers, however, have pre- 
f3rred the eonstruotkm which, if not absolutely 
grammatical, is more concise withmit beiug in any 
way^ambignous. 


such a thing. 8. If you have read the book I lent 
you, return it to me. 0. 1 bet that this time 
you will lose. 10. 1 have promised my father to be 
more diligent, and he has riermitted me to go out. 

Coniin ued 


10. W^hen avoir Vair means “ to have an air,” 
the adjective agrees with air : Cette dame a Vair fier 
et hautain, cependani die est tres affable et trds 
prhfenante. That lady has a proud and haughty air, 
nevertheless she is Very affable and very obliging.' 
But when the meaning of awir Vair is ‘‘ to soem,^’ 

to apjjear,” the adjective agrees with the subject 
of the verb : Cette dame a fair bicn malhenrensey 
That lady seems very unhappy. When aimr Vair 
is used in connection with innnimnio objecU the 
adjective always agrees with the subject of the 
verb : Vetie rnai/mi a Vair solidement constmite. 
That house looks strongly built. 

11. The adjective nn. bare, naked, agrees with 
the noun if it comes after it. When it comes before 
it, it is joined to it by a hyphen and remains 
invariable : ]>ioghie marchait puds nns et couchaif 
dans tin tonneau, lliogenes walked bare-footed and 
slept in a tub. Les mendiants wnt nu-pieds et les 
courtisans nn4eti\ Beggars go about bare-footed 
and courtiers bai'c-bended. 

12. When demi (half) precedes a noun, and is 
joined to it by a hyphen, it is always invariabU*. 
If it follows a noun, it agrees with it in gender, but 
is always in the singular number: On ne gonveme 
pas une nation avec des demi-mesures, A nation is 
not governed with half measures. La seance, a dure 
deux h cures et demie. The sitting lasted two hours 
and a half. 

13, Feu (late) agrees with the noun if it immedi- 
ately precedes it, but remains invariable if it is 
.separated from it by an article or a possc'ssivo. It is 
also invariable before a pro})cr noun : Votre fene 
mere Itait nimle. et estimee de tons ceux mii la 
CfmnaismicnU Your late mother was loved and 
respected by all who knew^ her. Feu I’o/rc tante et 
tnoi luiquimes le mfme jour. Your late aunt and I 
were born on the same day. 

14, Franc, in the expression franc de port (post- 
paid, carriage paid), agrees with the noun which 
j)reredes it. it remains invarialde when the 
expression precedes the noun : Vans rexevrez franc 
de 'port tonfes les lettres qnc je vans ndresserai, You 
will receive |)ost-paid all the letters 1 shall address 
to you (send you), (-es lettres sont franches de port. 
Those letters are prepaid. 

15, In the expression se faire fort (to undertake), 
fort is always invariahle : Ces dames se font fort 
dVobtenir le ronseviement de leurs marts. Those 
ladies undertake to obtain the consent of their 
husbands. 

10. Compound adjectives consisting of two adjec- 
tives or of an adjective and a past pnrticipl«|fequire 
both their comjmnents to agree with the qualified 
noun : des pommes aigres-donces, sourish apples. 

17. In the compounds mort^ne (still-bom), non- 
vean-ni (new'-bom), and eonrt-vdu (short-coated), 
the first of the two componeiits is always invariable : 
des en fonts nmiveau-nls, new-born infants. 

18. In the compound frais^ueiUi (freshly* 
gathered), both com|:mnents agree with the qualifi^ 
noun ; des flenrs frakhcs-cueillies, freshly-gathered 
flowers. 
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10. Nouns used a» adjectives bf colour are 
usually invariable, Sudh (Cn paiUe (straw-coloured), 
noisette (hazel-coloured), etc. But, rose (pink), 
cramoisi (crimson), pourpre (purple), and ktaiiaXe 
(scarlet) are dealt with as adjectives : dts chapeaux 
rosea, pink bonnets. 

20. when colour is expressed by a combination 
of two adjectives, both oi them remain invariable : 
EUe a lea cheveux chdtain dair et lea yeux Ueu 
fonei, She has light auburn hair and dark blue 
eyes. 

II« Compariaon of Adjoctivoa 

1. The comparatives of equality, of superiority, 
and of inferiority are respectively formed by means 
of auaai . . . gtie, plus . . . ywe, and moina . . . 
gite : 11 cat auaai modeate qtie millant. He is as modest 
as he is brave ; Lea reniHes aont pitta lenta qne lea 
maux. Remedies arc slower than diseases ; La Seine 
eat moina large que le Jihin, The Seine is less broad 
than the Rhine. 

2. In negative sentences an^i may be replaced 
by : Le file n'eat pas si grand que le perc. The son 
is not so tall as the father. 

3. Sometimes avssi or si is omitted, and in that 
case comme is used instead of que. : Jl est enteti 
comrne un mulet. He is as stubborn as a mule. 

4. When the comparison is between two infinitives, 
the first of them is preceded by either d or de, and 
tlie same preposition is rei)cated after que : II est 
plus facile de donner des conseila que de, lea auivre. It 
is easier to give advice than to follow it ; Je auia 
plus diaposi d le. plaindre qtCd le Hdmcr, 1 am more 
inclined to pity him than to blame him. 

5. When the second part of a comparison of 
superiority or of inferiority is followed by a verb 
in a finite tense, that verb takes nc before it unless 
it be preceded by a negative verb : Lea sciences ei 
lea aria aont vlua cultives aujourd'htii qiCila ne tont 
jamais 6t6, Tne sciences and the arts are more culti- 
vated now than they have ever lK*en ; Apris 
rinvention de la poudre, Ics bataillea derinrent heau- 
coup moina aanglanka qtCelles ne Vnvaient 
auparavant. After the invention of gunpowder, 
battles became much less sanguinary than they had 
previously been. 

6. “More and more” is expressed by de plus' 
en fltia, and ** less and less “ by dc moins en rngina : 
II devieni toua lea jours de plua en plus exigeant; 
il eat de moina en nwina facile d eontenter. He is 
becoming more and more exacting every day ; he 
is less and less easy to satisfy. 

7. “ All the more “ is translated by tT auiani plus : 
Ce contretemps itait d^autant plus jneheux qu'H 

/YCVCOAi'i' uiyr r ^ atio v4JU«vrvf ci»&\a 

accident was all the more disagroeaVilc that it made 
118 miss the connection. 

8. The definite article whk'h forms a part of the 
superlative Eigrees with the qualified noun when the 
superlative is relative, that is, when it implies a 
comparison with other )>ersons or things ; Le 

LMHii VIA att cvjia. 

0. V{^n there is no comparison with other persons 
or thin|K but only of the various stages of the same 
quality in the same person or the article is 

mways It : La Ivne n'est paa auaai iloignia de la 
terre que le aoleil, lora mime qu*eUe en eat h plua 
^ignle. The moon is not so far distant from ^e 
earth as is the sun, even when she is most distant 
from it. 

It is to be noted that this distinction between 
the relative superlative and the absolqii superlative 
is indicated in English by the use or ipi omission of 
ihe article “ the.” 
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III. Ponitiofi of Adjactiwoo 

1. Whdn one noun is qualified*^ by two or more 
adjectives, each of them follows its own rule (as 
given on page 1330) in regard to position: Voild une 
Jolie petite maiaon. There is a pretty little house; 
une petite maiatm blanche, a little white house. 

2. If the adjectives are joined by a conjunction 
and one of them regularly follows the noun, then 
both of them must be placed after 4t ; Une belle 
femme, a beautiful woman ; une femme rkhe, a 
rich woman ; une femme belle et ¥iche, a woman 
beautiful and rich. 

3. A certain number of adjectives have different 
meanings according as they precede or folloiv the 
qnalificd substantive. It will be seen frbih* ^the 
following list of the most important of them that 
the double meaning is possible in connection with 
special substantives only ; 

Ancibn : Un ancien deve, a former pupil ; 
rhistoire ancienne, ancient history. 

Bon : Un bon homme (frequently written 
bonhomme), a simple man, an bid man ; un homme 
bon, a kind, charitable man. 

Brave : Un brave homme, a worthy man ; un 
homme brave, a brave man. 

Certain : Une certaine chose, a certain thing; 
une chose certaine, something about which there is 
no doubt. 

Cher ; Mon eher ami, my dear friend ; dea 
objeta chera, expensive articles." 

Common : La conhmune. voix, the unanimous 
voice ; une voix commune, a vulgar voice, an or- 
dinary voice. 

Cruel: Un cruel homme, a disagreeable man, 
a bore ; un homme erttd, a cruel, heartless man. 

Dernier : Le dernier moia de Vannke, the last 
month of the year ; la aemaine derniertf last week. 

Different: Difjkentes rawona, different (several) 
reasons ; dea raisons difjire.niia, different (not the 
same) reasons. 

Digne : Una digne femme, a worthy woman ; 
une. femme digne, a dignified woman. 

Divers : inverses peraonnes, divers (several) 
persons ; des omniona diveraea, oonfiioting opinions. 

Pameux : Un auteur fameux, a famous author ; 
unjameux imhicUe, a precious fool. 

Faux ; Une fauaae def, a false key ; une def 
fauaae, a wrong key. 

Fiee : Un air fier, a proud look ; un j 
a capital dinner. 

Fort : Une forte femtne, a stout woman ; 
femme forte, a strong-minded woman. 

Franc; (Test un homme franc. He is 
spoken man ; CTeat un franc eoquin. He is a thorough 
scoundrel. 

Furibux : Un fou furiem, a raving madman ; 
un furieftx menteur, an awful liar. 

Galant : Un galant homme, a man of honour, a 
gentleman ; un homme galant, a courteous man, 

n lartiAO* ninn 

homme, a great man ; un 
homme grand, a tall man. 

Haut: La haute mer, the high sea; la met 
haute, the high tide. 

HoitNiTB ; Un honnite homme, an honest man ; 
un homme honnUte, a civil man. 

Jeunb; Un feune homme, a young man; un 
homme jeune, a man still young. 

Maiobs; Un maigre diner, a meagre dinner; 
un repaa maigre, a lenten meal (without fleah^meat). 

MALHOKNiTE; (Tcst un malhonnite homme. He 
Is a dishonest man ; un enfant meihonnHe, a rtide^ 
uncivil chfid* 



Mauv^ais : llaVair manmis. He has an evil look : 
// a tmuvaiB air, He. has a disreputable appeaxancc. 

MxcHAiirT ; Un m6ehant po^te, a wretched jioet, 
a poetaster ; II ala mine. mtcharUe, He has an ill- 
natured, spiteful look. 

Mort: Moric-cau, neap-tide; ean morte, 

stagnant watci*. 

Nouveau : 11 pork nn nouvd habit aujounthui. 
Ho is wearing a new (different) coat to-day ; Je. 
i/Caime paa lea chapeanx nouveattx, 1 don't like the 
new-fashioned hats. 

M.. rt>.^«4 :« 

is a perfwt actor. 

Pauvbe : €*eat un pauvre aukur. Ho is an author 
of no groat merit ; (T eat ttn auteur pauire^ He is 
a needy author. 

Petit : Un petit homme, a man of low stature ; 
un homme petit, a despicable man. 

Plaisant : Un plaiaani individu, a ridiculous 
fellow ; un homme plaiaant, an amusing man. 

Premier : Noa premiera parenta, our first parents: 
matkre premiire, raw material. 

Propre : 11 a 6crit ceUe%leUre de aa propre main. 
He has written that letter with his own hand ; 
Cet enfant n'a janiaia lea mains propres^ That child 
never has clean liands. 

Pur : CTeM la pure veritc, It is the ])lain truth ; 
du inn imr, pure wine (without water). 

Sel’u : Un aeid homme, a single iniin : im Jtomme 
seid, a solitary man. 

Simple : Un aimple aoldat, a private : un homme. 
simple, on unpretending man. 

Triste : J*ai fait un frisk re pas, 1 have made a 
sorry meal ; 11 a Vair triak. He looks sad. 

Veritable : Cent nn vhiiaHe flkvu. It is a down- 
right. plagiic ; C\at une hiatoire vhiUMe, It is a 
true story. 

Vrai : Un vrai roquin, a thorough knave ; Cent 
une hiatoire rraie que je tmta racontc. It is a true 
story T am telling you. 

IV. Complement of Adjectives 

Adjectives are frequentljr followed by a coinjilo- 
ment to which they are joined hy a preposition. 
Tlie principal prepositions used for this purpose are 
«» dc, en, eni'era and pour, 

1. A, The preposition d is commonly used after 
adjectives denoting habit, fitness, resemblance, 
comparison, conformity, inclination, advantage, . 
utility, necessity, niid their opposites. .Among 
them are ; 

adroit, clever at fort, clever at 

ardent, keen for hardi, Imld in 

aaaidu, assiduous in im propre, unfit for 

hon, good, fit for neeesaaire, necessary for 

exact, exact in ^ propre, fit for 

semUaUe, similar to 

2. De. ITie preposition de is commonly used 

after adjectives denoting separation, cause, origin, 
supply, satisfaction, want, desire. Among them are • 
amt, friendly to fou, doting on 

atkivd, struck by, seized furieux, furious at 

with " glace, chilled with 

free from, rid of kenreux, delighted with 
dAaoU^ distreseed at inquiet, anxious nlwut 
done, endowed with nourri, fed on 
emprUal, eager to park, adorned with 

tnnemi, hostile to pourvu, provided with 

Hinedani, B|»arkl»ig with ravi, delighted with 
fdehk, for atupkfait, amared at 

fort, relying on, confident triatc, sad at 

in 
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. 3. En. Adjectives denoting proficiency, abtin- 
dance, are frequently followed by en : a^tondant, 
abounding in; cA'pert, export in; riche, rich in. 

4. Pour, Envers. Adjectives denoting feeling, 
behaviour, disposition towaixls, are followed either 
by j)our or by enters : 

{a) Enrcra: 

affaUe, affable towards gkn^citx, generous 

(to) towards 

amk(d, friendly to indulgent, indulgent 

ban, kind to towards 

diaritable to 

viuc-t tu injiufu’, lowaruN 

dur, harsli towards juste, just to (towards) 

(fO Pour : 

afjaUe, affabl** to indulgent, indulgent for 

hon, kind to »niar/cw.r, insulting to (for) 

hienveiUant, friendly nkeessaire, necessary for 

towards severe, severe to 

commode, convenient for utile, useful for 

PRONOUNS 
Personal Pronouns 

. 1. Pronouns can take the place of dcterminnfi* 
noiins only —that is to say, of nouns preceded by an 
iirtic^le. a nossessive, or a demonstrative. It is 
conseqiieutlj' incorrect to say : Jl nous a fait 
re})onsv, ei la mici, because the [ironoun la stands 
for rkponse, which is indeterminate. It has no 
mdciK*ndcnt value as a substantive, but simply 
helps to make up the locution faire reponat-^ 
rejxmdre. 

The cQrrect coustriietion is : II nous a fait par< 
venir m Himnae, ei la void. He has forwarded ns his 
answer, and here it is. 

2. The relation between pronoun and noun must 
always be expressed in such a way as to leave no 
room for ambiguity. It is consemiontly incorrect 
to say : Moliere a surpass^ Plante chins tout se quil 
a fait de mdlleur. In this sentence it is doubtful 
whether the pronoun d refers to Moliere or to Plank. 
The ambiguity may be removed by saying : Motierv 
a surpass^ Plauk dans tout ce que celui-d a fait dr 
meilleur, Moliere has excelled Plautus in all the best 
that the latter has produced. 

3. When the jironoun on occurs several times in 
the same sentence it must always relate to the same* 
(wrson: thuK, it is correct to say; On nc craiut 
ixis la mort qiiand on a aascz bicn vken pour n^cn wm 
craindrt lea axiites. One does not fear death when 
one has lived well enough not to fear what follows 
it. But it is incorrect to say: Ija ckiliU exige 
quon kcoute avec attention ce qu^on nous dit. 

The first on is evidently equivalent to nous, and 
must Ih? replaccnl by it ; La civilitk. cxige que nous 
ecouthns avec attention ce qu^on ntma dit. Civility 
requires that we should listen with attention to 
what one says to us. 

4. On, l)eing an indefinite personal pronoun, may 
stand for either the first, the second, or the third 
jierson. singular or plural. In tlie following 
quotation from Moliere, on is used for ji ; 

Alltz, tons C'ka fou dans vos transjxrrta jalpn.r, 

Et nc mkritez pas V amour qu'on a fiovr vans, 

Co, you are mad in your fits of jealousy, 

.And do not deserve the love which one has 
(T have) for you. 

5. The verb of which on is the subject, is always 
in tlie third {lersou singular. Adjectives in agree- 
ment with it are regularly masculine and singular. 

When it is clear from the context that on rotors to 
a feminine subject, the adjective is also feminine : 
Oh devient fork alora quon devient mkre. One 
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(a woman) b^omes strong when one (she) becomes 
a mother. 

6. The adjective will also be plural if it is obvious 
that the subject on, though formally singular, is 
essentially plural : En Frawe^ on (At ioiut igaux 
devarU la lou English wilPnot admit of a literal 
translation of this peculiar construction^ We must 
say ; In France, all are equal before the law. 

7. Lui is both masculine and feminine when it is 
the indirect object or dative of the conjunctive 
form of the personal pronoun ; otherwise it is 
exclusively masculine. Thus, Je lui ai parU means 
both “T have spoken to him” and '*Ihave spoken 
to her.” But c'est d lui que fai purld can mean 
only: It is to him I have spoken. 

8. Lui preceded by a prejmsition refers to j^ersons 
only. When the reference is to inanimate objects. 


y or en is used. Thus, in speaking of a tree, we 
may not say: Nt montez jie mt lui, but: N*g 
mofUez pas, I)o not climb on it. ^ ' 

9. The same remarks appl^ to elle when it is in 
the disjunctive form. Thus, m speakiim of a science 
or of a profusion, we may not say: If s'sst adonni 
d elle, but II s'y est adonni. He has devoted him- 
self to it. 

10. With the prepositions aprls, after, awcc, with, 
conlre, against, of which the meaning cannot be 
expressed by y or en, both lui and eUe may be used 
with reference to inanimate objects : 

Quand eette riviire (ce fleiive) diborde, elle (U) 
entmine avec elle (lui) tout ce qu'elle {il) rencontre ; 
(Me (U) ne laisse rien apr^ elle (lui). When this river 
overflows, it carries away with it all it meets ; it 
leaves nothing after it. 
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VERBS 

Conditional Mood 

The conditional mood of the verb 
is formed by adding us to the root. 

Example : Mi irtM kun vi, se 
mi poms, 1 would go with you 
if 1 could ; Mi ne akrilms tion, 
He mi estus vi, I would not write 
that if I were you. 

In the use of the conditional 
mood there is always present a 
sense of doubt, or an implication 
of denial, which is shown either 
by the actual presence of an ” if ” 
(««) or by an implied condition. 

Example : Cu vi pensas, ke U 
kredus turn ^ Do you think he 
would believe that ? (if he heard 
it). 

It must not, however, be over- 
looked that se does not necessarily 
always contain an element of 
doubt. The sentence Se <Ji 
estis tiel suggests the admission 
of the speafer that, in fact, the 
case was so, but {ji estus ticl 
implies an assertion that it was 
not so. The correct use of 
Esperanto is always in accord- 
ance with the logical meaning of 
a sentenc^. 

The conditional mood can also 
be used to moderate the force of 
a statement, thus substituting a 
polite suggestion. 

Example : Mi lolus paroU kun 
vi, 1 want (should like) to speak 
to you (jf you are willing) ; Li 
danhus por via hsifo, He 
would thank you for your help 
(if you would consent to give it). 

l^UMERALS 

Multiple Numbatu. Mul- 
tiple numbers are formed regu- 
larly from the cardinals by the 
admtion of the suffix oA, to 
which, of course, the characteristic 
59 ^ 


signs of the noun, adjective, and 
adverb may be added. 

Example : Vnuchla, single ; 
dmhle, doubly ; triable, three- 
fold, trebly. 

Fractional Numbers. 

Fractional numbers may be con- 
structed from the cardinals by add- 
ing the suffix on, and they may 
be used as nouns, adjectives, or ad- 
verbs by adding the final o, a, or c. 

Examples : Dnono, a half, 
dehona park), a tenth ; sep- 
okonoj, seven eighths ; Tri estas la 
cenlom. parto de triemt, Three is 
one htmdredth of three hundred. 

Diatributivea. Distributives 
indicating proportion ore shown by 
placing the preposition po (at the 
rate of) before a cardinal number. 

Example : Oni yogas al soldo- 
toj po unu Hlin^ Soldiers 

are paid at the rate of one shilling 
per day ; Mi fxndis la ovopi po 
ses peneoj par kvar, T sold the eggs 
at sixpence for four. 

CONJUNCTIONS 

IHiplicatlon. Some of the 
Esperanto conjunctions con- 
veniently lend themselves to the 
process of being duplicated where 
in English we use two distinct 
words; such as neither, nor. 

Example: Ail aft 

(either . . . or). Vi devas, ati 
silenli, ait foriri. You must either 
besilent or go ^way; (M. . . cu 
(whether . . . or), Mi estos bon- 
tenia 6ii li venaa, ^ ^i, I shall be 
satisfled whether he comes or she ; 
Jen , , , jen (sometimes .... 
sometimes), Jen H banias, jen H 
dancas. Sometimes she sings, 
sometimes iffie dances ; Nek , . . 
nek{imtlm . . . nor), Minebmovos, 
nek mu vorton parolos, I will not 
si^ nor spe^ a woi^ ; Jh M 
^ mfdes jii (the more ; . . w 


more), Ju pli ni havas ties pit ni 
deziras, •The more we have the 
more we want. 

VOCABULARY 

Ehem/, even, hv^, lift, raise 

level liter', letter (al- 
egar, equal phabet) 

ebzempl', ex- lud', play 

ample mabuf, stain, 

eminent', emi- spot 

nent mefi', mite 

envi', envy mensog', lie 

estim', esteem (subst. ) 

favor', favour mus', mouse 

firm', firm ord', order, 

fiav', yellow regularity 

froma^', cheese pad enc' , 
frukt', fruit patience 

ghei', ice parenc', ration 

general', gMieral perfekf, perfect 

(adj.) pren', take 

herb', grass prel', ready 

bo f oh! probsim', near, 

insuU', abuse, next 

insult propr', own, 

ja, indeed, in fact one’s own 
jfiia, ju6t> at the prur/, prove, 

very moment demonstrate 
bap\ head pur', pure, 

Idas', class, sort clean 

b(mun*,Qommoxi rahont', tell, re* 
koncem', bon- late 

oem rvrrmV, remaak, 

boudil', oondi- notice 

tion, stipula- seifc', dry 

tion' son', sound 

brajon', pencil sped, spend 

ibuiV, cook {dspezo, ex- 

(v. t.) pem» ; 

ku>f, lie (down) enspezo, re* 

ley', law venue) 

Exsboksb XI. 

If you lied I should despise you. 
The pencil now lies upon the.bed, 
where you just put it. my dear 

brother-m*law, weuiA you immlt 







your own relation ? She in 
times richer than you. The more I 
know that the more I envy her. 
He (that one) who would bo happy 
ought to have patience. He can 
nm seven and five-eighths miles 
in the hour. Every letter in the 
Esperanto alphabet has a se^mrate 
sound. 1 should approve ; 1 

should) in fact, be periet^tly satis- 
fied if you would consent to accept 
the advice of my eminent friend. 
Eleven times twelve make one 
hundred and thirty-two, which is 
the fourth part of five hundred 
and twenty-eight. She bought 
three-quarters of a pound of fruit 
and an equal quantity of yellow 
cheese. There is a dirty stain upon 
that book. Would you be ready 
to meet me if I waited half an 
hour ? The ice is firm and level. 
He proved to me that the laws of 
this country are just, although he 
confessed that one needs a lot of 
patience, I^st night we went to 


the theatry and there we qtiicklv 
spent all onr money. That which 
concerns me is not necessarily 
always your affair. She re- 
lated to me all that I w'anted 
to hear. If I read this book 
each day at the rate of fifty 
^aiges, I could send it back to 
you next week. 

Kky io Exubci^ X. 

Kiam vi vidis lin kun tia stranga 
persono, kial vi ne parolis al mi ? 
Kiuj estas la kvar sezonoj de la 
jaro ? Printempo, somero, autu- 
no, vintro. Tiuj ci viroj, kies kon- 
duton mi malaprobis, subito 
min atakis kvmope. lyoma 
estas la hodiaiia dato? Cu vi 
povas dlveni mian agon ? Kien 
vi gin Jetis ? La Atono falis tien. 
Tio certe estas justa. Mi neniani 
renkontis viajn koJegojn pri kiuj 
vi parolas. Kiom kostas tin cj 
mahiova libro 1 Larmoj falis 
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unu post la alia el Aiaj okuloj, 
kiam si afidis la kialon. Mi ne- 
niam povos pardoni al ili iliajn 
kulpojn, sed kiam ilia konduU» 
gajnos mian aprobon, tiam mi 
ilin laildoa. Mia memoro eiam 
min iom trompas. La hundo, kiu 
lafite bojas, neniam mordas. 
Ciuj nacioj progresas ; imuj 
rapide, aliaj malrapide. La akvo 
tie ci estas iom profunda. Tio 
estas sufida. Ni devas labori por 
gajni tion,kion havi estas nt'cese 
— tio estas, mono. Mi nenie, 
kaj neniam, parolis tiajn paro- 
lojn. Mi havas tiom da zorgoj. 
kiom vi. Kial vi ne ailskultis 
lin ? Kiam li audis mian voCon, 
li haltis, kaj tiam li ial subile 
kuris en la domon. Mi voUis 
sci tion, kion li dins al vi pri 
tiaj publikaj aferoj. Jen esttis 
It'S ganto. Kies gi estas Y 
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SECTION I. ACCIDENCE 
Third DecleMion Nouns — continued 


So bu* we have dealt only with nouns of this 
declension with mute or liquid stems. We now 
come to those whose stems end in 2 (S), or in 
a vowel or diphthong. 

1. Nouns of this declension in yt and os (the 
latter being neuter) are thus declined, con- 
tmetion taking place whenever the c of the stem 
precedes a vowm. 

i) rpLifpys, trireme ; rd race, stock. 


Nom. 

Voc. 

Acc. 

Oen. 

Dal, 


Singular 

rpiiipys 

Tpiifpef 

rpiiipy (rpiiipea) 
Tpii^povs (-eoy) 
rptiipti (-ci ) 


•ylvos 

ylvos 

yivos 

yivovs (-coy) 
yrfret (-ec ) 


Dual 

F.» A, Tpt'ypy, ylry 

Gen,,, Dal, rpef^pav ytpolv 


N(>m,f Voc, 
Ac€, 

Oen, 

Dal, 


Plural 

Tgtijpcn (-cet) 
rptifpfts (-cay) 
rpvffptav 
Tpii^peai 


ylpy (yivta) 
yivy 
yenwv or 

ytpeai 


Like Tpi-fipyt decline ZwKpiryt, Socrates; and 
AijfioaBlpySt Demosthenes (in the singular only). 
Like ylnot decline rb xdWoy, beauty ; rb 6pos^ 
mountmn ; and rb Bipos^ summer. 

2. Nouns in ct, «, t*t, v, and cry are thus 
dedin^ (t and v are neuter endings) : 


7} ir6\is, city ; rb Aotv, town ; 



fore-arm, cubit ; 

6 ^ao-tXfdy, king. 

N. 

trbXts 

Singular 

derrv vyxf'S 

(iatriXivs 

r. 

v6\i 

dffrv 

sryxr 

fiaeriXiii 

A, 

rrdXiv 

derrv 

Tyxvp 

fiaeriX^a 

0. 

TrdXcwy 

derreos or ewy 

TT^X^wy 

fia(TiX4<t>s 

D, 

vdXct 

derrei 

iryxn 

fiacriXri 


\ TdXff 

Dual 

doTif 

rryx^e 

liafft\€e: 

A, 1 
G, \ 
D, < 

1 

TToXioiV 

aerrioev 


^eLOiXioiv 


Plural 

•fcy) dffty (-ca) 

ir'bx^f-'i 

fiaeriXeis 

A, 

ir6\€is ( 

-cay) derry (-ca) 

xbx^is 

fiaaiXias 

0. 

t6\€wp 

dtrriiuv 

irijxfwv 

fiUffiXiwy 

D, 

irdXcvi 

derrecri 

iriiX€(n 

fiaaeXcveri 

Not 13. Nouns in t (as rb 

olvavi, mustard) are 


declined like Aerrv. Most nouns in vs retain v 
and are regular — eg.» Ix^vh fidi ; gen,, ixBvos; 
dal,, ixBi/i ’ ; nom, pf., ix^i)es ; da', jd,, 

3. Nouns in ory and ary arc thus declined : 


b, ij (iovs, ox, cow ; y ypavs. old woman ; 
y vavs, ship. 

Singular 


Nom, 

fiovs 

ypavs 

yavs 

Vor, 

/8or 

ypav 

vav 

Ac^, . 

^0V¥ 

ypavy 

yavy 

Gen, 

fiobs 

ypabs 

y€ws 

Dal, 

fiot 

ypoi 

vyt 


5655 



Dual 


N„V.,A. 

7pa* 

prje 

Oen,, Dal. ^ooip 

' ypaoip 

Plural 

peoip 

N., V. (^6es 

7pofS 

PTjes 

Acc. povs 

ypavs 

pads 

Gen, (iowp 

ypaiap 

P€iOP 

Dal. fioval 

ypavffl 

pavffl 

Note. vaOs is 

very irregular. 

and has 

acc. sing., p^a or p^a ; gen., p^ls or pels ; etc. 


4. Nouns in aj, genitive aot (neuter), are thus 
declined, contraction taking place when the a 
of the stem is followed by a vowel : 



1 Singular \ 

1 Dual 1 

Plural 

litan. \ 
Voc. 1 

y^pas, prize 

(yipa) 

yipa 

Acc. J 
Gen. 

ydpios (-aos) 

(yepcpp) 

yeputp 

Dal. 

yip9- 

(yepipp) 

yipaci 


K^pas, K^paros, horn, is sometimes declined 
regularly (fc^pas^ K^paros, nepdri^ etc.)f sometimes 
like y^oas (Wpws, Kip^, etc.). 

5* There are a few nouns in (i> and t&t, declined 
as follows (the dual and pluial are rare) : 


Singular \ 

Dual 

Plural 

N. 

V. 

7)X(»>, echo 

N. 

V. 

f ilX^ 

N. 

V. 

} VXol 

A. 


A. 

) 

A. 

-nxois 

G. 

Vxovs 

G. 

1 j. - 

G. 

iiX^p 

D. 

ifXOi 

D. 

/ VXO^^ 

D, 

iiXoh 


7j aidws, shame ; accusative, al6w ; genitive, 
aidovs ; dative, aldol No dual or plural. 

6 ijpw, hero, has genitive ijpofos, and is regular 
(accusative, iipw ; ^tive, ijfM'i, etc.). 

6. Some nouns in »?/), as 6 irarj)/>, father ; 
i) fxifir’ijp, mother ; ^ dvydrrfp, daughter (genitive* 
-epot), are shortened by dropping the e in the 
genitive and dative singular ; also in the dative 
plural they change ep into pa before iri. Thus : 


Singular | 

• Dual 1 

Plural 

N ran/ip 

r. Trdrep 

A. raripa, 

G. trarpls 

D. Ttvrpi 

N. 1 

V. J sraripe 
^ } rarifot. 

] iraWpes 

A. irar^pas 

G. waripiap 

D. TrarpAat 


A^ectiTett. Fira^ and third dedenaiana 
combined. Most of these end either in n#, eta, 
i>, or in etf, ^atro, tr — as, rax^s, ra^x^ia, raxi', swift ; 
xap.^<*», graceful. 

Singular 



MascuHm 

Feminine 

Neuter 

Nom, 

rax^f 

Tttxetd 

raxif - 

Voc. 

rax^ 

raxeta 


Acc. 

rax^v 

rax^MP 

ruyfi 

Gen. 

raxiot 

raxelaf 

' raxiat 

Dot, 

raxft 

raxeta 

rax« 

N., F., A. 

Taxi. 

Dual 

raxela 

0 raxie 

<?cn., Dal. 

raxiatP 

raxeUup 

raxiotp , 


PHral 


N., V. 

TttXftf 

raxeitu 

raxicL 

Acc. 

Tax«s 

raxelas 

raxiu 

Gen. 

TttX^WV 

raxttuip 

raxi<ep 

Dal. 

rax^di 

raxeiats 

raxlei ,, 


Singular 



MaseuKne 

Feminine 

Neuter 

Nom. 


XapUeea 

Xnplep 

Voc. 


xapUeea 

X^pi^v 

Arc. 

Xapiepra 

XO-pUeeap 

XO>pl€V 

Gen, 

XUpUPTCS 

XOLptiaer)t 

XUpUPTOS 

Dal, 

XnplePTi 

XapUeeu 

Dual 

XciplePTi 

N„ V.,A, 

Xaplepre 

Xnpiieaa 

XaplePTC 

Gen., Dal. 

XapiiPTOiP 

XnpUaeaip 

Xt^ptiPTOtP 


Plural 


N., V. 

XCLpUpres 

Xnpieeeai 

xapiepra 

Acc, 

Xaplepras 

XnpUtreras 

xapiepra 

Gen, 

XUpiiPTutp 

Xe'PteeffiVP 

Xaptiprwp 

Dal, 

Xnpleai 

Xupiiffaais 

XapUet 


Note. The feminine of raxi'^s is declined like 
oklo, and the feminine of xM«o like ^dXaaad. 


There are three adjectives ending in as : rds, 
iraira, traVy all ; fiiXat, plXaipa, fliXav, black ; and 


rdXas, rdXaipa, rdXap, wretched. 

Tas and fi4Xas 

are thus declined : 

MaecuHne 

Singular 

Feminine 

Neuter 

Nom. 

irds 

Tatra 

Tap 

Acc, 

Ttdpra 

Tatrap 

T&P 

Gen, 

irapr6s 

TdcTTfS 

waPTos 

Dal, 

iraprL 

wdiTU 

tuptI 

Nom. 

vdpres 

Plural 

Tdeai 

Tdvra 

Acc. 

irdpras 

irdtras 

wdpra 

Gen. 

irdprtap 

ToewP 

TdPTbtP 

Dal, 

traffi 

Tdeats 

Taei 

Nom. 

/j,4Xas 

Singular 

fxiXaipa 

fdXap 

Voc. 

fiiXap 

fjLiXaipa 

fUXap 

Acc. 

fiiXara 

piiXaipap 

fiiXap 

Gen. 

plXapos 

fjieXalpiits 

fjLiXapQs 

Dat. 

fiiXaPi 

fieXalPTi 

fUXapi 

N., V„A. 

plXape 

Dual 

fieXalpa 

fifXape 

Gen., Dal. 

fieXdpoiv 

pueXalpaiP 

ficXdvoiP 

N„ V. 

fiiXopes 

Plutrd 

fiiXatPat 

filXopa 

Acc. 

fAfXopas 

fjLeXatpas 

fiiXapa 

Gen, 

ueXdpwp 

fuXaiPwv 

fxeXdpup 

Dat, 

fUXaai 

fieXaipais 

niXoffi^ 

Note. 

TdXas is declined like fi4\as. 

Two 

Irregulmr Adjoctlvoo. tilyas, 

great, and voXds, much, are declined irregularly : 


Maecuhne 

Singular 

Feminine 

Neuter 

Nom. 

fUyas 

fAeydXri 

fdya 

Voc. 

ifpeydXe) 

pe^Xff 

/liya 

Acc, 

pjyop 

fieydXiiP 

fOya 

Gen. 

fjitydXov 

pMydXm 

l*£yi\ev 

Dot. 

fjLe^Xtp 

ueydXTH 

peydXtfi 

N.,V..A. 

fAtydXta 

Dual 

pLtydXa 

fiaydXxe 

Gen , Dal. 

fie^XoiP 

fktydXeur 

FtydXcof 



LAmilAOSS-«^IISM 


Plural 


N., V. 

pjtydXoi 

ptydXai 

pusydXa 

Acc. 

fueydXovi 

pteydXat 

p^ydXa 

Qen 

peydXtop 

peydXcap 

peydXwp 

Dal. 

fteydXois 

/leydXais 

peydXois 


Singular . 


Norn. 

ToXih 

roXXi) 

iro \6 

Acc, 

iroXdif 

TToXX'dv 

voXv 

Gen. 

toXXoD 

voXXys 

iroXXov 

DaL 

ToXX^ 

iroXXy 

rroXXcp 



Plural 


V,, V. 

toKXoI 

voXXaL 

TToXXd 

Acc. 

V 0 XX 069 

TTOXXdf 

TToXXd 

Gen. 

ToXXii^p 

iroXXwr 

iroXXwi' 

Dal. 

woXXots 

rroWaU 

TToXXoU 

Regular Verb 

• Xi^tu, 1 loose. 


Imperfect Indicative. 

Aorist Indie. 

1. Singular 

iXvoPf I was loosing, 

fXwra, I loosed 

2. .. 

dXvcj 

or 

4Xma9 

3. „ 

Auc(i/) 

used to loose 

Ai/<rc(i/) 

2. Dwd 

iXifrop 


^XiVarov 

3. „ 

iXvlryv 


4\vadryv 

1. Plural 

4X4fOfji.€p 


4X6aap.€v 

2. 

Adere 


iXivffare 

3. ,, 

4Xvop 


iXvffap 


Notes. 1. The e prefixed to these two tenses 
is called the Augment (literally, increase). All 
the past, or historic, tenses of the indicative 
mood have some kind of augment. Verbs be- 
ginning with a consonant always prefix e to the 
stem to form the imperfect and aorist indicative, 
as X«5w, (\voVj fXu<ra ; fo'wfoi', ((Tuxra. This 

is called the Syllalfic Augment. When the 
verb be^ns with a vowel, the augment lengthens 
the initial vowel, as &y<a, I lead, ^yov ; I 
have, dxot'. This is called the Temporal 
^Augment. 

2. The imperfect denotes continued or 
repeated action; the aorist expresses a coni' 
pleted action in indefinite past time : (Xvou = 
I was in the habit of loosing, or, I was loosing ; 
Awra = I loosed. 

SECTION II. SYNTAX 

Rule 1. A substantive may have another 
substantive added to explain or describe it ; the 
latter is then said to be in apposition to the 
former, and agrees with it in case — as, Ntic/ar 
6 srparriy6s^ Nicias the general ; 6 vl6t roO 
Aaflttov, rov Htpaov, the son of Darius, the 
Pei*sian. 

Rule 2. Words, which Qualify or describe 
ft noun are usually placed between tivat noun 
and its article — as, the vulture’s claws, ol roO 
yviTih (fyvxet ; the trees in the island, t 4 rj 

Rule 3. irat without the article means 
as, raira rdXit, every city. But with the 
article raf means au or the uMe-^s, vdera y 
all the city ; if wdea rdXitf the whole city. 

Rule 4, When /uiyat or roXih is used witb 
ano^er adjective, the two adjectives are 


generally connected by xal — os. The great black 
bird, 6 /uiyas /cal /uAas 6pyts ; He saved many 
poor citizens, f^roHre iroXXoi)f sal Tiyifrat roXtrat, 

Rule 5. The article is frequently used with 
an adverb — as, ol TdXai, the men of old ; ol ^/ceT, 
the pe^le there ; ol rOr, the men of the present 
day. The noun has here been omitted, the full 
phrase being ol rdXai Ardpcaroiy and so on. 

Rule 6. In Greek, the article is retfuired ' 
with nouns denoting a whole class of things — 
as, 01 dvdfMTol eicre Men are moi‘tal ; 0( 

\4ovrii elai. dcivol^ Lions are terrible. 


Exekcise V, 


here, iuravda 
Cyrus, Kijpos 
|)alace, rd fiaalXeia 

(plural) 

park, TrapddcKros 
1 hunt, OffpeOb) 
from, dTr6 (governs gen ] 
through, did ,, 

T flow, f/4u) 
source, y wyyii 
Apollo, *Air6XXuv 
I kill, KTtlytt) (aorist 

^KTClPa) 


I make, Trot4u) (aorist 
iToLyora) 

citadel, y dKpdiroXis 
soul, if fvxh 
I magnify, pu^aXi'vo) 
Lord, K(^/)(Of 
I rejoice, dvaXXtdw 
(aorist i 77 ttXXla(ra) 
Saviour sutrifp, -ypos 
good, dya$6Sf y, op 
corrupt, (Tttirpds, a, op 
fruit, 6 Kapv6i 
evil, vopypdif a, op 


1. Here Cyrus had a palace (say : tliero was 
to Cyrus a palace) and a great park, full of wild 
beasts. 2. The king used to hunt the wild 
beasts on horso*back (say : from a horse). 
3. Through the park flows the river Maeander 
(Malapdpot)y and the sources of the river start 
from (say : are out of) the palace. 4. It flows 
through the whole city. 5. The men of old used 
to say tliat (ifrt) Apollo killed Marsyas (Map<n/ag) 
heie. 6. There Xerxes, the king of the Persians, 
made a citadel and a palace. 

7. My soul (say : the soul of me, pov) doth 
magnify (magnifies) the Lord and my spiiib 
hath rejoiced (aorist) in governing dative) 
God my Saviour, 8. Every good tree bringeth 
forth (niaketh, woUca) good fruit, but the con upt 
tree bringeth forth evil fruit (plural). 


Key to Exercise III. 


I. T7)s awXys K6pyt. 2, np 4x&pV arpariun-y. 
3. Xi^^'ffd SQpa. 4. r(op ffwpwv peapiup. 5. rijp 
ddiKOP Kdpyp. 6 . 7^ dpyvpi BaXdssy, 7. 4X0701 
vOjuoi. 8. rov crchpov you. 9. roO xP^voO vec6. 
10. ToOs dirXoOy spirdt. 

Key to Exercise IV. 

1. 4p ry oIkI^ cicrl irait Kal xdpy: 2 . ij oUla icrrl 
jrX'ffpyi KapC^fKal 4 p rots xapoU iernp tpd. 3. rd ^d 
^p ToO tX€(o ydpoPTOi eCbpop, 4. d rats BavpAj^ec rd 
Kavd' Xdci rd IpAnop. 5. rax4m Xdcret /capoOp, 
6. y xSpy 4 otI /ca/erf /cal x^P^*’ 7* 4XtII!‘€i rd 

fpd* X4yei dri d XS^*^ fULKpds. 8. dXX’ d Baipcav 
iarlv dypiov dicdicei rdr ireuda sal rifp /cdpyp, 9. rd 
Kapovp rhrrer rd ipd 4ari iroXaid sal if oUla oiv/c loTi 
rtprvii. 10. d to7? koI if /c6py Tp4xovat 4 k rys oUlas, 
oi/crpol Kal soepoL 


Continued 


l^on.-.i»The next instalment of the Sfskisk course wili appear in Part 40 of the Sxtr-EoucATOR 
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^HINA proper, with its many millions, has to l>e 
^ diatinguiahed from the belt of it« dependenciet* 
—Tibet, mainly an icy waate except in the south-east : 
Chinese Turkestan, a desert fringed with small 
oases, end valleys with fruit trees, cotton, etc. ; 
Mongolia, a desert of poor steppe land, with cancels 
and horses, and having a slightly more fertile margin ; 
Manchuria, resembling Mongolia, in the west, nut 
fertile and prosperous in the centre and east. Ex- 
cept the richer parts of Manchuria, these are of little 
economic importance. 

The Richer Areas of Southern 
China* China proper consists of a hilly south and 
west, and a flatter north. The south has wooded 
hills, prfKlucing lacquer, vegetable wax, leaves 
for silkworms, tea ; while rice, cotton, sugar are 
cultivated in the iiTigated valleys. This region 
may be divided into five divisions : 

(1) The plateaus of Yunnan and Kweichau, rich 
in geld, silver, copj^er, coal and iron, with o\jtlets 
to Red River of Tongking, the Yangtse Kiang,^and 
chiefly to the Si Kiang. 

(21 The Si Kiang Valley, with Canton as its capital, 
and outlet on the delta.. Near it is the British 
island of Hongkong, the great shipping junction 
of the Far East. 

(3) The Eastern Highlands, with a port at the 
mouth of each valley, Swatau, Amoy, Fuchau (at the 
mouths of the eastern Min), Ningpo, and Hangchuti. 

(4) The Ix>wer Yangtse Valley, which is partly in 
the plains, but its tributaries, the Kan, Siaug, and 
Han, come from hilly lands rich in minerals. 
oially anthracite and iron, in the Siang basin, lliis 
is the valley the railway from Canton to HankoW 
will follow. Shanghai, on the Wusung, near the 
mouth of the Yangtse, is the port to which most 
ocean steamers come, but they can ascend past 
Nanking to Hankow, at the mouth of the Han, 
where many routes converge [see also page 2976]. 
Navigation is possible to Ichang, at the mouth of 
the gorges, where the river is very rapid, though 
not enough to prevent small steamers reaching 
beyond the gorges to Chungking. This is the port of 

(5) The R^d Basin of Sechwan [see page 2970], 
the capital of which is Chen^u, on a very fertile, 
irrigated plain. Coal, iron, salt, and other minerals 
abound. 

The Rich Land* of Northern China 
and Manchuria* The rich lauds of Northern 
China and Manchuria have a much colder winter 
than the south, the iieople are hardier, and even 
more industrious. Tne fertile soil, much of it 
loess, is irrigated and cultivated in the most care- 
ful manner, producing millets and pulses. Silk and 
tea are mainly confined to the soutlu 

We may divide this district into t 

(1) The'plains south of the Hwang Ho, amor^ the 
richest lands in China, crossed by the Grand Canal 
from south to north in the ea^ and by the 
railway from Hankow to Peking in tWweat^ and from 
Kaifeng, where the Hwang Ho leavesthe mountains, 
to Shanghai, near the moutli of the Yangtse. 

mtktra 


(2) To the north-east rises the Shangtung iieniii- 
sula — hilly land with rich coalfields. Kiauchou 
(German) is chief outlet. Chifu is the northern port, 
and Wei-hai-wei a British station in the east of this 
region. 

(3) In the north-west the hilly provinces of 
Shensi and Kansu, by which the route to the centre 
and west of Asia passes via Singan on the Wei and 
Langchau on the Hwang Ho. Tobacco is important 
in Kansu. 

(4) The mountains north of the Hwang Ho in 
Shansi, which arc among the richest mineral regions 
of the world, with anthraeite and bituminous coal, 
iron and copy)er, which are all now being tapped 
and will rapidly be exploited as railways are built. 

(5) Tlie rich alluvial plains of Northern (Jliina 
fringir^ the Gulf of Pechi. ', with Peking to the north, 
and Tientsin its port. 

(6) The plains and hills on East Manchuria, witli 
much more severe winters, shorter, cooler, and 
drier summers; rich in beans, and capable of growing 
maize and wheat. The hills are wooded, and con- 
tain rich minerals, including gold, as yet little 
exploited. The railway runs northward from 
Port Arthur, by Niuchwang (the port), Mukden 
(the capital), to Harbin, where it joins the Russiati 
Siberian line to Vladivostok. 

Industrial Condition of China* We 

have seen that China is still essentially an agricul- 
tural country. It produces food* for nearly 
400,000,000 people, and imports very little. The 
needs of such a population are great, for clothing, 
dwellings, etc. Hence the building of houses, 
making of clotli, clothes, and ap’icultural imple- 
ments are all important occupations. The roanti- 
factm^s, however, are still almost all domestic. 
An immense internal trade is carried on, but is 
much hampered by bad means of communioation, 
except on tlio great waterways, of which the Imperial 
Canal and the Yangtse are the chief. The numerous 
customs and other tolls and the monetary system 
of China also hamper trade. The official coinage 
is confined to copper cash, of which 35 go to the 
penny, and most exchanges are effected by silrer, 
which is weighed. One tael weight (a Haikwan tael) 
is worth one-seventh of a pound sterling = 2h. 10'4d. 

Railways in China* The era of railway 
construction, and the development of mining and 
of manufacturing by modem mills, which have just 
begun in China, are destined to effect an economic 
revolution in a much shorter time than in Eurotib, 
and of far greater importance than in Japan. The 
railway hunt from Peking to Tientsin, Takn, and 
Manchuria, from Peking by Footing to Hankow, 
which is being extended to Canton: the line round 
Shangtung from Kiauchou ; from Kaifeng to Shang- 
hai; those projected up the Hwang-Wei, Yai^se 
Kiang, and St Kiang ; the Yunnan railway to Tong- 
king, are among the most important which will bring 
the greatest cities of the interior in close tou^ 
with each other and the outer world, and will tend 
to develop a great-trade. 





Frraent Foreign Trade of China. 

The tra de jn the year 1904 wae as follows; 

la Haikwan taeto (2s. 10*4d.) 


Importo 

Thouutul«| 

KxportA 

iThoiiMBda 
of ta«U 

Cotton goods 
^inm .. 
Kerocene oil 
Metals .. 

Sugar . . 

Bice 

Coal and coke 

124,083 
37,094 
27,908 
21,285 
18,281 
8,380 
' 7,161 

Silk, raw and 
manufactoied . 

Tea 

Raw cotton 

Skim (fun) 

Beans and bean 
cake 

Hides,, cow and 
butfalo . . 

Straw braid 

78,655 

30,202 

24,812 

7;328 

7,283 

7,142 

4,503 


Silk, tea> and cotton, but little produced ki 
Europe, are the chief exports. The t^ trade has 
diminished greatly since India and Ceylon competi- 
tion came into play, but it shows signs of recovery, 
as the following table of the amounts sent to the 
tTnited Kingdom from Hongkong and Macao shows 


1800 

73,743,000 

2,813,000 

1895 

40,084,000 

1,431,000 

1000 

21,316,000 

688,000 

1002 

17,410,000 

402,000 

1904 

27,240,000 

810,000 


The following table shows the chief countries 
with which China trades : 

In llaikwan taels (28. 10‘4d.) 


Iinporto from Kxporta to 


Hongkong 
Japan and 
Formosa . . 
United 
Kingdom 
Continental 
Rnrope (ex- 
cept Russia) 
United Htates 
IndU . . 
Russian Empire 


141 ,08ft, 000 
ft0,164,000 
57,230,000 


23.613.000 

20.181.000 
32,220,000 

4,408,000 


86.658.000 

87.087.000 

15.270.000 


44.513.000 

27.088.000 

2.887.000 

5.056.000 


227,043,000 

88.151.000 

72.500.000 


68,026,000 

56.260.000 

34.607.000 
0,524,000 


The Hoi^kong trade is with countries. 

Of course, it includes more than the China trade, 
but an analysis of it will give some indication of 
how the great values enter^ in the trade of China 


ooMMmoiAk cwMmmv 

It will be noticed how large a share the industrial 
life of Japan is playing in its trade. Raw materials, 
foods, ironwork, and machinery are the* chief im- 
ports^ and while raw silk, tea and 'minerals are 
important exports, manufactured silk and cotton 
and matches are also large items in the goods sent 
abroad. Japan has progressed farther than China 
in the development of mo^rn manufacture and 
cbmmeroer Its resources aie notl^ng like so great 
as those of China, but we can gain a slight idea 
of what may happen in China in the near future 
by studying the existing economic ])osition of Japan. 

Countries with which Japan Trades. 

The comparison of the values of imports and exports 
for 1904 in the table below shows how Japanese 
trade relations are developing : 

Value in yen (28. 


Country 


Importa from Exportn to 


United States . 
China . . 
United 


Kingdom 
India .. 
France. . 


Germany 
Hong Kong 
Korea . . 
French Indo- 
china 
Italy . . 
Buseian Em- 
pire* .. 


58.116.000 

54.810.000 

74.003.000 

08.012.000 

8.834.000 

28.607.000 

2.405.000 

6.401.000 

17.400.000 , 
674,000 

6.528.000 I 


101,251,000 

67.080.000 

17.644.000 
0,405,000 

36.320.000 
4,104,000 

28.160.000 

20.300.000 

375,000 

12.071.000 

81,000 


150.367.000 

122.706.000 

02.637.000 

77.417.000 

30.654.000 

82.801.000 

30.655.000 

26.701.000 

17.775.000 

12.745.000 

6,604,000 


* In 1003 the values (or the Russian Empire were : Im- 
ports from, 8,550,000; exports to, 3,365,000; total, 
11,024,000. Owing to the war, the Ogures for 1004 are 
not characteristic. 

The United States takes tea and silks, and in 
return sends manufactured goods, raw cotton, and 
wheat. The United Kingdom and German trade 
is largely one oj^anufactured goods sent to Japan, 
from which is taken a very much smaller value of 
produce. The trade of France and Italy presents 
a vei 7 great contrast, for it is one in which raw 
silk from Japan to Europe plays a great part, while 
the exports from these countries to Japan are very 
small. On the other hand, India sends Japan 
most of its raw cotton and also much rice from 
Burma. 

The Japanese trade is thus the most complex 
we have yet studied. 


commerce are by far the greatest of those of any 
other power. 

Fmpire. The Japanese Empire 
for trading purposes may be divided into Japan 
nuj ruKJuuHit, xae latter island is noted chiefly for 
camphor and tea. Gold, silver, and copper are worked. 

Japan has been described on page 8159. Its^trade 
may he ga thered from the following table for 1 904 : 

In yen (28. Old.) 

Iiaporta y*n Exporte 


Raw cotton 
Rice 

Rugar .. 
^neraloa 
Ironwork 
WhMt and flour 
J^hinery 
Beans and 


71.467.000 Raw silk 

59.702.000 Silk manufac- 

23.043.000 tores. . 

18.201.000 Cotton yarns 

14.015.000 Coal . . 

11.162.000 Copper . . 
0,883,000 Tea .. 

i Matches 

8,62i,0(to Cotton mazni- 
lacturee 


88.741.000 

42.605.000 

29.268.000 

14.625.000 

12.008.000 
12,884,000 

9.764.000 

7.075.000 


OlUOieo. vv V uavv uuw oxauiuieu uirc» uiiierciii 

(if The poor lands of the icy and ari^deserts and 
their margins, of little commercial value save for 
mineral and animal products ; (2) the rich vegeta- 
tions of the hot, wet forests and bordering savanas, 
lordly self-sufflcing, only here and there exploited for 
trade purposes, mainly where plantations nave been 
formAH under European supervision ; (3) the rich 
lands with regular* seasons — dry winters and wet 
summers, with large alluvial lands easily flooded and 
cultivated, with a long civilised histoiy, with well* 
developed internal tritoe, hindered only by lack of 
easy oommunioaiion, which is gradually being over- 
oome. In India European direction^has intr^UQod 
modem me^ of transport, but the exploitation of 
the country is in native hands, and while European 
capital has been sunk in factories, these are not all 
so finanoed; and are worked mainly by native labour. 

In Js.i>an^e European factor has been less im- 
portant, and the stam of industrial evolution is be- 
yond that of India. It is likely to bo jmshed further 

ism 
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almoBt entirely by the Japanese themselves. China 
is on the i)oint of adopting all the more modern 
methods of production and communication, and 
it possesses probably the richest resources and the 
most numerous and laborious x^pulation in the 
world. There we may expect to find ;n the future the 
most striking economic developments not directed 
by Kuro|iean energy. , 

The Three Types etill to he Studied. 

We have now to turn to those lands, almost entirely 
in the temperate regions, in which Europeans live 
and control the economic life. Three types may be 
studied : (1) the countries whore the rural occupa- 
tions arc everything and industrial pursuits yield 
a very small part of the wealth of the country — 
€.jp., the European settlements in the southern hemi- 
sphere, in Western Canada and United States, and 
Asiatic Russia are of this type ; (2) cc entries such 
as Eastern Canada, Central and Eastern United 
States, and most of Europe, except the west and 
centre, where industrial development is of great 
and growing importance, but in which the rural 
populations are still of great significance in their 
trade ; and (3) such countries as Germany, Switzer- 
land, France, Holland, Belgium, and, above all, the 
United K inborn, in which the industrial develop- 
ment has proceeded still farther, and forms the chief 
source of llieir commercial activity. 

The Main Economic Divioiona of 
Southern Temperate Lands. We may 
divide the south temperate lands according to 
temperature and rainfall into: (1) the Eastern 
wet regions, with hot summers and warm winters ; 
(2) the central and northern hot arid areas ; (3) the 
eastern regions, with warm summers and cool winters 
and fair rainfall, mainly in summer ; (4) the western 
regions, with warm summers and with cool winters, 
during which most of the rain falls (Mediterranean 
tyjM' of climate) ; (5) and (C) the smalt regions of 
cool summers and cold winters^ with rain at all 
sKmsons, little in the east, heavy in tlie west. 

The Warm, Wet, Eaatom Regions of 
Summer Rains in the South. • Im- 
mediately south of the tropic of Capricorn lie in 
the east regions with warm winters and hot, 
wet summers where ^owth is checked only by 
drought. A considerable part of this region is well 
woocM, yielding fair timber. In clearings and grassy 
patches can be grown in the warmer parts some of 
the produce of intertropical lands, such as sugar, 
coffee, cotton, and rice, but the chief cereals are 
maize in the moister and warmer, and wheat in 
the drier and cooler parts, Tea, pineapples, arrow- 
root, tobacco, oran^, lemono, and many other 
fruits are among the other products of this tyf»e 
of region, which is to be foimd in Southern Brazil. 
Uruguay, Paraguay, and Eastern Argentina north 
of the Plate in Soutn America ; in Natcd, the Eastern 
Transvaal and Cape Colony in South Africa ; and in 
Eastern Southern Queensland and New South Wales 
in Australia. These roughly correspotid to China 
and Southern Japan in their climatic conditions 
and economic vegetation : but the human conditions 
are very different, for the population is nowliere * 
very dense, and cultivation is largely for a foreign 
market. 

GrMsland Zone between the W^f 
Zone end the Deeert. Between the wet. 
forested east and the arid and desert, or almost 
desert*, centre and west stretches a grassy area, 
capable of cultivation in the east and round irrigated 
areas in the west. White in the east thmAnts already 
named appear, in the drier irrigatea ^reas plants 
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of Mediterranean type, such as vine®, figs, peaches, 
flourish. The chief wealth of these regions, however, 
18 the livestock, cattle in the moister and sheep and 
goats in the drier parts, tended by men horseoack. 
The mineral wealth varies greatly in different areas, 
and can be studied most conveniently under each 
country. 

Hot Arid Roglono, The central and western 
hot arid regions consist of the margin of the southern 
deserts, and are of little value save when irrigated. 
The irrigated areas are (1) in the west of Argentina, 
near the base of the Andes; (2) small areas in 
Bechuanaland and the Karroos of South Africa ; 
and (3) in extra- tropical Southern Australia and the 
adjoining portions of Queensland, New South Wales, 
and Victoria. Here, Mediterranean fruits, maize, 
and lucerne (alfafa) are the ohiel products. The 
Mildtira Colony of Victoria uses water pumped from 
the river Murray. 

Outside the irrigated region the lands produce a 
poor scrub, w'hich feeds small numbers of sheep, 
goats, and ostriches. The value of the land can 
roughly be judged by the rainfall. This is well 
shown by the following table, taken from a paper 
by Mr. Willis, in the “Scottish Geographical Maga- 
zine,'’ for 1387 ; 

Moau mliifaU 


South AuHtralia, dry area . . 

8to9 

8 to 10 

New South Wales, dry area . . 

96 

13 

New South Wales . . . . 

640 

20 

Buenos Aires 

2.630 

34 

Irrigated land in California 
growing lucenie equal to 
about 

12,000 

60 to 100 


This record shows how a series of dry years must 
reduce stock by lowering the power of the land to 
support large numbers. 

The Mediterranean Type of Land. 

The Atediterranean type of land in the southern 
hemisphere has warm, dry summers, similar to those 
of the regions just described. It differs from them 
in enjoying a fair, or even heaw, rainfall in late 
autumn. Winter, or early spring. This moans that the 
moistui'e conies in the coolest part of the year, when 
other conditions of growth ai’e not so favourable. 
The hot summers allow of the cultivation of cereals 
and of such Mediterranean fruits as the grape, fig, 
orange, pomenanate, and olive; and here, as in 
Europe, the Mediterranean realm is one of corn nn<t 
wine and oil. When irrigation is possible, and the 
sup^y of water in summer is suffloient, this type of 
region is very fruitful, as is shown by the Califominti 
figures of the last paragraph. 

This type of region is found m (1) Central Chile ; 
(2V South-west Cape Colony ; and (3) south-west of 
V^stem Australia, south of South Australia, Victoria, 
and the North Island of New Zealand. In the south 
of Australia the products are mainly wheats and 
fniits, with a little timber. 

Sir Charles Todd has made a valuable study of 
the relation of rainfall to crops. Taking the mean 
rainfall for the winter six months, and comparing 
the amount with the yield of wheat in bushels per 
acre over a series of years, he finds the following 
relation. The seven best years, with an average 
yield of 12*43 bushels per acre, had 18*47 in. of 
rainfall. The five next Wt years, with an average 
yield of 10*02 bushels per acre, had a rainfall of 
15*28 in. Six bad years, with an average yield of 
only 6*61 bushels per acre, had so small a rainfall 



as 13*55 in. Froni this we may also infer that there 
is: a steady proportional, increase in the yield of 
wheat per aeee from the drier to the wetter parts 
of these lands. , 

One compensation possessed by the drier areas 
is that the quality-of the produce is usually excellent, 
and the hard wheats of these dry areas command 
higher prices. [See Aoeiculture.] Many of the 
trees round the margin of the dry areas yield excel- 
lent hardwood, in particular the jarrah and karri 
of South-westism Australia. [See Matbeials and 
Steuoturbs.] 

The Trade ef .the Mediterranean 
Type of L*ande« Most of these regions do little 
more than support themselves, and some do not 
manage to do even that, as a study of statistical 
tables shows. The exports are mainly minerals, 
vr(K)1, hides, and ostrich feathers from South Africa ; 
timber from West Australia; wines from South 
Australia ; and dairy produce and wines from 
Victoria. In examining the statistical tables, it 
must not be forgotten that in the case of all, except 
V’ictoria, the produce of other regions is included 
in the retiums, as political and natural geographical 
Imundaries by no means coincide. The trade of 
Chile, for instance, is mainly in nitrates from the 
northern deserts, and in copper, silver, and iron. 
These are independent of climate, and if we exclude 
them, wool is the only other export of much value. 

Textiles and wearing apparel, machinery, railway 
plant, hardware, and articles of luxury, are the 
chief imports to these lands. The smallness of the 
market, and the cost and scarcity of skilled labour 
are the chief hindrances to the development of 
local manufactures on a large scale. 

Typical Trade Returns for Warm 
Temperate Lands. T^t us next examine 
the tr^e of Uruguay and Natal as types of the 
eastern lands of the worm temperate zones. In 
this case, in order to obtain values which may 
he compared we shall not quote the 
actual values of the statistical tables, 
but calculate the percentage which 
the value of each group of woducts 
bears to the total value. This is a 
valuable method of comparing statis- 
tics which the stuaent should 
accustom himself to use. The values 
can be calculated from the total 
trade which is given at the top of 
each column. 

In Uruguay, the country is only 
l>eginning to be occupied, and, as 
yet, little is broken by the plough, so that cattle 
reding is the chief occupation. In Natal, cattle 
and sheep are retured on the higher slopes, but the 
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growing up. In New South Wales the wealth of 
coal and gold is much greater than 'in the other 
lands, and is extracted by modem methods. Manu« 
factures are rapidly developing. 

The Cooler Southern ^nds. The 

cooler southern lands, with fairly constant rains, 
comprise (1) South Chile, (2) Tasmania, and (3) the 
South Island of New Zealand, which lie in the track 
of the westerly storm winds. The rain suffices for 
dense forests on the western slopes of the mountains, 
which are as yet little exploited for their timber. 
In some of the upper passy valleys cattle are kept, 
especially in New Zealand. The mineral wealth is 
a very valuable assets especially coal and gold in 
New 2Sealand. The potentially rich fisheries are 
not much developed. 

The eastern side of these lands is much drier, and 
a Chinook or fOhn wind effect is frequently recorded. 
In Patagonia the country is as yet little develop^ 
save for a few sheep runs and gold-mines. The 
Canterbury plains of New Zealand are rich in 
grazing ground, where many sheep are fed. The 
mutton is sent in refrigerating chambers to Britain, 
to which the wool and hides are also exported. 
Part of the land is cultivated with wheat. In the 
extreme south and in the higher lands oats are 
grown. 

The Trade of New Zealand. The trade 
of these lands is small, except in the case of 
New Zealand, the statistics for which, however, ’ 
include the produce of the warmer Northern Island. 
The export of meat and dairy produce is of recent 
growth, owing to the modem methods of refrigera- 
tion. Quite recently, experiments in preserving 
meat by oxy^nisation are said to have proved 
successful, and an early application of the process is 
probable. The cost is said to be much less, and the 
mcreased demand, following from the reduction in 
price, would doubtless stimulate the trade. 


Exports from New ZeftUiuI, 1904 

Wool £4,074,000 

Frozen meat . . 2,794,000 

Gold 1,988,000 

Butter and cheese i,i>80,000 
New Zealand flax 
Hides, skins, and 
leather 


Kauri gum *. . 
Oilier articles 

Total' .. 


710.000 

564.000 

502.000 
1,950,000 


. .£14,748,000 


Importa to New ZeulMid, 1904. 

Clothing and textiles £3,006,000 

Iron, steel goods, and machinery 2,558,000 

Paper, books, and stationery . . 581,000 

Sugar 505,000 

Alcoholic drinks 357,000 

Oils 278,000 

Tobacco and cigars 253.000 

Ten . . . . 238.000 

Other articles 5,514,000 

Total £13,292,000 


Total exports, £8,240,000 


Live animals . . 
Animal products 


per 

2-6 

90*0 


A^ri^^turol products 5-1 


1903 to 3904 

Total exports, £1,356,000 

percKiic. 

Animal products . . 26 <0 

Sugar 6*1 

(lOal .. .. .. 29*0 

Other* 38-8 


Kxcluding gold. 

lower W^m lands near the coast are partly cleared 
and estivated, mainly by Indian ooofie lanonr. In 
New South Walee very similar climatic conditions 
prevail. The drier interior is pastoral, the wetter 
east nf the higher plateau cultivated wth wheats but 
the lo:im 3|kq>es round the . coast grow maize, etc. 
the European alone works, aiid a more ener- 
• faroeperous, and homogeneous, community is 


This is li very remarkable trade for tliree-quarters 
of a million people. It gives a very fair idea of 
the economic conditions in that part of the southern 
hemisphere which most resembles our own island 
home. 

EMnjomIc Diwlnionn of Temperate 
North America* The present economic 
development of the North American lands is at verv 
different stages. North America has been muon 
longer settled by Europeans than has Australia, and 
its resources have been much more systematically 
and energetically exploited than those of Argentina. 

The Physical Divtsiona roughly correspond with 
the economic ones. Broadly, they consist of (1) 
the mountainouB west ; (2) me central plains ; and 
(3) the highlands and coastal lowlands of the east 
[8^ Norm America, page 41721 UHmatic eon- 
ditions control the subdivisions of the vast central 
plains into tundra, forest^ wheat, maize and 
cotton belts, and the drier uncultivated grasslands 
of the high^ western plains. Mineral wealth and 
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deiwity of populfttion are other factors which must 
be talien into acooimi in the various subdivisions, 
each of which has its own natural products and its 
characteristic economic conditions. 

The Weetem Mouniaine* The hich 
plateaus and interment plains on the east of the 
western mountains are of little economic importance, 
except for stock raising. The centres of settlement 
are (1) round such irrigated areas as those of Utah, 
especially round Salt Ijake City; (2) in the plains at 
the mountain base, where the wates of the snow-fed 
rivers are carried over the plains ; and (3) in the 
mining centres, which are especially- numerous in 
Colorado, Alontana, California, Southern British 
Columbia, and Klondike. Gold, silver, copper, and 
lead are the most abundant minerals. 

The western valleys of the western mountains 
are much more favoured climatically. The tem- 
l>eraturo is equable and the rainfall is abundant 
and well distributed throughout the year north of 
California, while in that state the winter rains 
arc sufficient except in the extreme south, which 
gradually becomes more desort-like. 

Soiith-weslem British Columbia, Washington, 
and Oregon are jienetrated by straits and inlet**, 
which |>ernn‘t easy sen communication. The most 
important of these openings are Puwt Sound, with 
the jmrts of Olympia, Tacoma, and Seattle, and the 
straits round V'^anoouver Island, with Victoria on 
Vancouver Island, A'ancouver on Burrard Inlet, 
and New Westminster. The last two are outjmrts 
of the Fraser basin. Farther south arc Portland 
and Astoria, on the Columbia Biver, the outlet of 
the wheat lands of the VVillamette Valley. 

The lumlwr yielded by the forests of giant 
Douglas jiines, the salmon of tlie numerous rivers, 
and the mineral wealth — gold, silver, lead, and 
copper — of the interior, find an outlet tlirough 
these ports. Grain from the western plains is now 
being brought to them in increasing quantities 
by the (Vinadinn Pacific, the Great Northern, and 
the Northern Pacific railways for shipment across 
the Pacific. C/oal is a very important export, ns 
it is uncommon on the eastern coast of the Pacific 
Ijetween Puget 8ound and Central Cliile. Local 
imn ore is l^ing smelted round Puget Sound, and 
shipbuilding and engineering works are being con- 
structed. The development of this region is likely 
tt) be great and rapid. 

Th« Wealth of California. California 
has a much larger area of plain than the lands 
farther north. Its climate is of the Mediterranean 
tytie, with winter rains. Orange, lemon, and olive 
groves, vineyards, twach, a]»ricot, apple, pear, and 
other orchards, helas of maize, wheat, and lucerne, 
many of them irrigated, form its chief sources of 
wealth. In 1850 there were not 100,000 inhabitants 
in, this state, which is three times the area of 
England. To-day there are 1,750,000, The discovery 
of gold in 1848 attracted adventurers from all 
parts of America and Europe. Since then nearly 
£300,000,000 of gold has been extracted, and in 
1904 about £3,800,000 was obtained. NeverthelfsiR, 
it is the agricultural rather than the mineral wealth 
which has led to the remarkable development of Cali- 
fornia. The absence of coal has retarded the in- 
dustrial development, hut electricity is now generated 
by water pow'er, and petroleum is much used as fuel 
for industrial purposes. 

California possesses one of , the finest harbours in 
the world, at the entrance to which, known as the 
Golden Gate, is built Ban Francisco, witlUia 360,000 
inhabitants. This is the chi^ ihJIie eastern 
pacffic, with steam lines for all parts of the world. 


The Central Plelne North of the 
Mieeouri and Ohio* Furs and lumber are 
the economic products of the tun4ra aiid forests. 
The latter industry is very important round the 
Great Lakes, the St. I^awrence and* its tributaries, 
where lumber is savTi and made into joiner’s work 
and wood-pulp for exportation. The ^asslands 
and the forest clearings are cultivated with wheat, 
and towards the south with maize. In the drier 
west, stock is raised on the natural “ buffalo ” 
grass. In the agricidtural area hogs and cattle 
are fattened on maize and the offal from the Hour 
mills. Hound the Great Lakes are rich suxiplies 
of iron and copper ore, and^farther south are vast 
coalfields whiih supply power for many growing 
industrial centres. The St. Lawrence and the Great 
I.«akes and the Mohawk-Hudson valley arc the chief 
natural* routes from the east to this area, which has 
other outlets across the Appalachians and down 
the Mississippi. Three aspects of the economic life 
of this area aeserve more detailed study : (1) The 
Canadian conditions, (2) the agricultural belt of 
the United States, and the industrial development 
consequent on its needs, and (3) the metallurgic 
activities of the eastern portion and the mining 
on which it depends. 

Canadian Commerce— Exports. Let 

us once more turn to statistical tables, which will 
give US a clear conception of the most important 
aspects of Canadian commerce, derived, as it is, 
mainly from this region. The value of the exports 
from Canada in thousands of dollars ($l,000«£20d) 
for the three years 1903, 1904, 11K)5, is as follows : 


RxpnvtR C^innda 

Mining products . . 

Fishory products 

Forest products 

Animals and their product 
^icultural products 
fifanufactures 
Miscellaueous 


mcBi iwi 


31,062 ' .33,619 31,982 

11,600 10,769 11,114 

5,300 4,930 3,267 

69,818 i 63,812 68,338 

44,624 j 37,139 29,994 

51,714 I 48,034 51,160 

84 I 122 50 


The 1905 figures may be further analysed as. 
follows: Gold quartz accounted for $15,210,000, 
copper ore for $4,860,000, coal for $3,030,000, and 
silver ore for $2,100,000. Of fresh and salt water 
animals and fish, lobsters were the most important, 
accounting for $3,130,000, codfish was valued at 
nearly $3,000,000, and salmon at $2,160,000. 
Of forest produce manufactured, wood was worth 
$32,216,000 and wood-pulp $3,400,000. Cattle 
were the most important animals, valued at 
$11,360,000. Hides accounted for $2,710,000, 
leather for $2,340,000, and furs for $2,400,000. 
In the dairy industries bacon was worth $12,200,000, 
butter nearly $6,000,000, and cheese (the most 
valuable of all) brought in over $20,000,000. Of 
the produce of the fields, wheat is the most impor- 
t4int, aocoimting for $12,400,000, and for nearly 
$6,000,000 more in the form of flour, while fniits 
amount to over $3,270,000. The minerals are from 
the western mountains and the maritime provinces. 
Salmon is obtained mostly frcrni the western, the 
other fish from the eastern waters. Of the other 
Xiroduots from the regions more particularly under 
consideration, wheat is obtained from the central 
plains, with Winnipeg as its colleoting and , dis- 
tributing centre, luany produce and cheese are 
almost exclusively from Ontario and Quebec, and 
fruits from the Niagara iieninsula and Nova S^tia. 

All theito experts are carried mAinly across the 
Atlantic. The St. Lawrenec^forms the olm outlet for 
this trade in sinnmer. In winter, when it is frozen, 
Halifax, St. John, N.B., and the United States 



ports liive io be used. Ib 1904 Montreal shinned 
nearly $60,000,000 worth ; Quebec, $3,700,000; 
St. Jolm, JST.'B., $13,600,000; and Halifax, 
$8,300,000; while Vancouver on the Paoifio only 
handled $5,300,000 worth. In the same year 35 per 
cent, of the exports were to the United States, and 55 
cent, to' the United Kingdom. The West Indies, 
the next market on the list, took onlv 2 per cent. 

Imports to Canada* The following table 
shows the nature of the imports and how far they 
])ay duty. The value is again given in thousands of 
dollars ($1,000 =£206): 


nport» to 
, 1W4 

Food and anlmahi 

20,900 

12,396 

DuUm 

coileoted 

3,000 

Averate rate 
ol dniy 
on dutiable 
goodtt 

23-0 

Raw materials for domestic industry 

10,324 

39,068 

2,300 

22-8' 

Wholly or partially manufactured 
materials for manufacture %nd 




mechanical arts i 

23,042 

22,913 

6,216 

21-8 

Manufactured articles ready for] 


. consumption 

77,262 

18,603 

10,237 

24-9 

Luxuries, etc 

10,482 

810 

9,201 

55*8 

Total 

148,910 

04,680 

40,954 

29*7 

Of the manufactured articles, iron and 

steel 

been in 

many cases 
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Similar considerations of economy lead in the 
maize belt to the fattening of cattle and hogs on 
the crop raised. The stock and the cattle and meep 
from the ranches are slaughtered and sent east as 
chilled meat in refrigerated trucks. Enormous 
quantities are “packed*^ or canned. The hides are 
made into leather. The wool and hair, bones, sinews, 
and even the blood and offal are utilised in various 
ways. The mutton is sent mainly to the Eastern 
States, but much beef is expend. The chief meat 
packing cities are Omaha and Kansas City on the 
Missouri, and Chicago. Formerly Cincinnati was 
the “ Porkopolis ” of the 


moved westwards new meat 
cities grew up, but the old 
ones still retain a fair trade. 

These regions need railway 
plant of all kinds, agricul- 
tural implements, and the 
clothing, luxuries, and other 
requirements of a population 
which is not, like many of the 
Old World peoples, self-sup- 
porting. The railway has 


are by far the most important, amounting in 1905 
to almost $42,000,000. A very lar^ proportion 
comes from the United States, as do the imports of 
coal and coke, which are valued at $21,250,000. 
Woollen manufactures, which are next on the list 
($15,600,000), enter from Great Britain under the 
preferential tariff, as do cotton goods, worth 
$8,6(K),0(X). Cotton- wool and waste ( $6,000,()00), free 
of duty, and tobacco ($3,000,000), also mainly 
duty free, enter for the manufacturing centres of 
Montreal, Western Quebec, and the Lake peninsula. 
Sugar < $9,260,000) and fruits (over $5,0(X),()00) come 
largely from the West Indies, The United States 
does more than any other country to supply 
Canada’s needs, to the extent of 60 per cent. The 
Utiitod Kingdom supplies less than 24 per cent, 
and Germany, France, and the West Indies come 
next in order. 

The ports by which these imports enter are 
of interest. Montreal still heads the list with 
$78,500,000 ; but Toronto comes next with over 
$60,000,000. Halifax and Quebec have over 
$8,000,000 each, St. John, N.B., $6,600,000, and 
Vcinoouver, $6,150,000. 

The Central United States. As in 

Cana^ the west of the United States is a 
ranching country, raising cattle and sheep. East 
of 100** W., the rainf^l is sufficient for agri- 
culture. Wheat is the staple crop in the north, 
and maize in the south. Most wheat is grown in 
the Bed River valley and the Dakotas, but it is 
cultivated even south of the Ohio mouth. Much of 
the crop is forwarded to the Lake ports (Duluth, 
Superior, CSiioago, etc.) and sent by the Great 
I^es to Buffido, where most of it is put on 
tjm rail for New York. Part of it goes by rail 
the whole way to the eastern and Gulf ports. ^ An 
merging amount is sent rail across the 
R^y. Mountains to Pifget l^und. The cost 
OT transpoH has been extraordinarily diminished 
m Americ^ To lessen its ratio to the value 
^ freight a large proportkm of wheat is 
inuW into the .more valuable and compact form 
« flour. Minneapolis, where the Palls of St 
Mihony supply water power, ^perku*, Duluth, 
fwwas City, and matiy cities farther east, are 
important mflllQg centres. 


for without it the settler could neither procure 
supplies nor send his produce to market. 

The Industrial Region East of the 
Miaeiaeippi, A generation or so ago the now 
busy and {populous region east of the Mississippi 
preserved the same characteristics as the region 
just de.scribed. Now all is changed. 0>al is widely 
distributed and mined, and used at all the groat 
and growing cities for their numerous and varied 
manufactures. Between Western Pennsylvania 
and Illinois are many oil and natural gas wells, 
which supply a valuable fuel. The petroleum is 
conveyed in pipes to Chicago, Pittsburg, Cleveland. 
Buffalo, New York, Philadelphia, Baltimore, and 
other cities. Iron ore and limestone occur in the 
Western Pennsylvania coal, oil, and gas field, with 
the result that this region has become one of the 
leading steei-making centres of the world. The , 
local ore no longer suffices. Fortunately, iron oie 
is abundant round Lake Superior, whence it is 
shipped in giant “ whale- back ” steamers to 
Chka^ and the ports on the southern shores of 
Lake ^rie to be smelted. Much is carried by rail 
to Pittsburg, the greatest iron and steel city in the 
world. Here, again, remarkably low rates of 
carriage have led to an extraordinary economic 
expansion. The ore is carried to the fuel because 
the fuel is near the* markets for the finished 
products. 

The Central and Southern Atlantic 

Plaina. The Central Plain south of the Ohio 
and the Southern Atlantic Plain is a hot region 
where cotton is the most important crop. Tobacco 
is grown in the north and sugar in the south. 
Throughout this region the labour problem, which 
is a difficulty in many hot lands, was formerly 
overcome by the importation of slaves, mainly 
from Africa. Since their emancipation these 
negroes have still remained the chief cultivators 
of the grbund. Nearly three- (|uarter8 of the raw 
cotton of the world is grown m this area. Most 
of it is shipped to Europe (half to England) and 
New Englana from Galveston, New Orleans, Mobile, 
PensacoU, Savannah, Charleston, Wilmington, 
and even Baltimore, The sugar and rice of the 
south are not much ei^rted. The tobacco of the 
northern margin of this belt is exported, the great 
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markets being Kichmoiid (Virginia) east, and Louis- 
ville (Kentuoky) west of the Appalachians. 

The Southern Appalachian coal and iron field has 
only recently been adequateljr exploited. Steel 
and iron ore made round Birmii^ham (Alabama). 
A remarkable feature is the rapid development of 
the cotton manufacture of Atlanta and other 
manufacturing centres of the other States, but 
unhappily child labour is largely used to cheapen 
poduction and supply the necessary amount of 
labour. 

The New England Manufacturing 
Area. One of the earliest English settlements in 
North America was on what is now known as the 
New England coast. Gradually the pioneers made 
their way inland across a rather poor highland 
into the parallel fertile valleys. These diminished 
in agrioultural importance with the opening 
up of the prairies in the west. The irregular 
shores of New England afiord good harbours, but 
fishing and the building of ships with timber from 
the forested hills have both declined. The result is 
that New England has spcialisod in manufactures, 
a development rendered easier by the abundance 
of water power. With improved facilities of 
transport coal is brought from Pennsylvania by 
sea and rail, while cotton is imported from the 
south and wool from the east over sea. Leather, 
boots, clothing, ironmongery, clocks, watches, and 
many other articles are manufactured. Economi- 
cally there is a marked tendency for the more 
skilled occupations to expand while those employing 
less trained labour pass elsewhere. The manufac- 
ture of coarser cottons has thus been transferred 
to the Bouth Appalachians. The chief New 
England cotton centres are Lawrence, Lowell, and 
Manchester on the Merrimac River, Augusta and 
Waterville . on the Kennebec, and other cities on 
the New England rivers, not' far from the coast. 
Fall River, in Rhode Island, is also a seaport, and 
the consequent reduction in transport charges has 
made it the largest of all. Woollen factories are 
moro widely distributed. Lawrence and Lowell 
are busy centres. Oar}>et-making is important 
at Lowell and Hartford. Lynn, Brockton, 
Haverhill, and other towns make poots and shoes 
and Waterbury watches. Worcester is a great 
engineering centre. There are many towns with 
varied manufactures, especially ox ready-made 
clothing. Of these industrial centres Boston is 
the chief port, but it is out off from the great 
western industrial and agrioultural area by the 
Berkshire and other Highlands of Western New 
England. 

ThB Central Emetern Induetrial Area. 

The central oostom industrial and commercial 
area is very important. The great inlets which 
penetrate to the “fall line” make admirable 
waterways to the mannfaoturwg centres, which are 
grouped round the anthracite fields of Eastern 
Pennsylvania. Many large towns are noted for 
special industries, but in this area engineering, 
especially in Philadelphia and New York, is even 
more important than textile manufactures. Phila- 
delphia IB the chief locomotive and shipbuilding 
oentre in America. Locomotives are also con- 
structed nt Paterson, near New York, , Scranton, 
Richmond, and other centres. Ready-made cloth- 
ing is nn important industry in New York, Phila- 
delphia, Baltimore, and other oilics in the States. 


The central eastern ports are Baltimore, Phila* 
delphia, and New York, which have' already been 
de.scrib6d on page 4172. 

Exporla and Imports of the United 
States. The exports of: the United States are 
gradually altering in relative importance. In the 
early nineties 80 per cent, of the exports consisted of 
agrioultural proauce, but in 1904-fi these were only 
55 per cent. The figures are, in round numbers : 


Cotton unmanufactured !:ii380,000,000 

Revisions, including meat and dairy produce 170,000,000 
Iron and steel, and manufactures thereof . . 186,000,000 

Bread stuffs 108,000,000 

Ck>pper, and manufactures then^of . . . . 87,600,000 

Mineral oils 80,UOO,000 

Wood, and manufactures thereof 68,000,000 

Cotton manufactures 60,000,000 

Animals 47,000,000 

Leather, and manufactures thereof . . . . 88,000,000 

Tobacco 86,000,000 

The chief imports for 19C4 5 arc, in round 
numbers : 

Sugar $07,500,000 

Coffee 84,600,000 

Chemicals, drugs 66,000,000 

Hides and skins 66,000,000 

Haw silk 61,000,000 

India-rubber 51,600,000 

Cotton manufactures 49,000,000 

Raw wool and hair 40,000,000 

Fibres, vegetable and textile grasses, manu- 
factures of 40,000,000 

tMi — » vegetable and textile grasses, raw .. 88,000,000 

and other precious stones . . . . 84,000,000 

Wood^ and manufactures of 29,600,000 

Iron and steel, and manufactures of .. .. 28,600,000 


The iron and steel exports are thus nearly six 
times the value of steel imports ; wlieroas in 1885 
they were only half, in 18115 one and a half times 
the value of the imports. 

Countries with which the United 
Stetee Trades. The United Kingdom is by 
far the best customer of the United States, and 
sends it most of its imports. Germany comes 
second in both capacities. The totals for the chief 
countries for lfi()4-5 are given in 1,000 of dollar h 
in the subjoined table which students can examine 
in greater detail. 


Country 

Exports to 

Imports from! 


United Kingdom 

628,897 

176,812 

699.209 

Oermttiiy 

194,220 

118,268 

812,468 

Canada . . 

142,979 

63,664 

206,633 

France . . 

76,837 

89,880 

166,167 

Brasil .. 

10,986 

09,848 

110,828 

Japan . . 

61,719 

51,822 

103,641 

Netherlands 

73,298 

21,719 

96,017 

China .. 

63,463 

27,886 

81,888 


The United States is avast country nearly as large 
as the whole of Europe, with a greater variety of 
climate and products, and with even greater mineral 
wealth. Omsoquently we must compare the vast area 
for internal trade which exists in the United States 
with that of Europe. The same fact should be 
borne in mind when we compare tixe foreign trade 
of the United States with Idmt of our own oountry 
or of any other single country in Europe. Within 
a very short time the United States’ foreign trade 
ought to far surpass that of any other country. 
This, however, need give us no cause for 
patriotic misgivings. The world’s wealth of 'pur. 
ohaaing is not A fixed and exhaustible quantity; but 
one that is ever increasing, and we may view the 
success of other countries without alarm so long 
as our own trade shows no sign of s^inkage. 
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3. PLAN OF SAWMILL HAVINCI SCPPLIKH BROUGHT BY WATER 
A. Tioiler B. tjiiulem coinpoiuid 0. I^o^ haiiliiit' Hpparatuw 1). fio-lii. breuking-down fi'ainc K 72.in ra<H 

norich with 40 fL of table F. 6 ft. by H ft. 6 in. roller-feed saw bench G, G. 5 ft. by 3 ft. roller-feed aaw benches H 4 ft 
by 2 ft. roller -feed saw bench J. riosa-ent bhw bench K. Fnmie-«uw Bharpeuing.room L. Storeu and enirfneer’H bIkm* 

M. Manager's N. Shed tor cut tiiu)>er 


Typical Sawmills. There are live clusses 
of iiitichitieH used for eon verting logs into deals, 
tlitehea, ]»Innks, hoards, etc. They are the /rnr/n* 
saws, the horizonUil reciprocating saws, the horizonluJ 
band saws, the rcrtical band saws, and the circular 
saws. Before dealing with the various points of 
these it will be well to illustrate some typical 
sawmills, in order to give an idea of the lay-out of 
the ]>lant. The references to niaclunes will be 
understood by comparison with detiils given later. 

Kigiire 5 gives a side elevation and plan of a 
mill laid out by Messrs. A, llansume & (^o.. Ltd., 

Newark-on-'rrent, for a tiriti in Holland. The power 
is supplied by a 27 ft by (i ft. Cornish boiler, A, 
supplying stoim to a 25-h.p. engine, B, running 
at 100 revolutions ])er minute. The flywheel is 
belU^d to a }»ulley on a line of shafting lying tx^low 
the Hoor level, a method of ch-iving which is 

the mill entirely clear for the handling and 
]»assuge of timber, and does away wotTi the 
trouble eons(M£uent upon susijouding heavy shafts 
and pulU^ys from tlie roof, where, moreover, they 
would be in the way of the cranes. In this 
rt‘S|>ect the practice is exactly op|K)sitt^ to that of 
machine shojis, which hive overhead eounter- 
shafts, fixed in tlx* roof or on walls, to drive down 
to tlu‘ machines. In the sawmill the shafting is 
carried in Ijearings fixed in a eellar below < 

ground level, and the belts pass up through "V 

the thx>ring to the machine pulleys. — 7 ^ 

The (‘.hips and sawdust also fall into \ /\/ 

the uiuierground oham- 

her, w hence they are eon - p-- _ . 

veyed to the boiler fur- ~ ~ 

nace, thus leaving the 
floor always clear. The 
arraugemeni also gives a ^ 
good foundation to the 
l>earmgs, and tends to 
reduce vibration at the fl 

high s needs nooessary. , 

In tW mill under ('on- , . J ^ 

siiterattonthfi engine and : 

Iku ler- house IS separated /Js 

from the mill proper, the " * 

latter being a building 4 . |g|CT10NAL ELEVATION OP 3 


02 ft. long by 30 ft. wide. The logs are tirst 
passed on to tlu' table of the. 48 in. log frame, 
(\ taking logs up to 50 ft. in length, the carriagi^ 
running niwm rollers laid on the floor of the 
mill from end to ('iicl, as s(>en in both views. A 
24-ill. by (i-in. deal frame, 1), is located alongside 
to cut the deals into boards. 

Mill for Water-borne Logs. A lyia* 

of mill W'hich has its raw material brought by 
water is illustrated in 3 and 4 , the first bta’ng a 
plan and the second a cross-sectional view. The 
list of refereu<‘es beneath the former indicate 
the laisition of the various machines. As seen in 
the s(‘etion, the line of shafting is carried in bt‘arings 
mounted on briekwork piers in the tunnel extending 
aeross the mill from just inside the engine-room. 
The mill is 144 ft. long by 40 ft. wide. It will be. 
noticed that the logs are floated right inside by 
having a water inlet ('marked “ Water ’^) leading from 
the river, the hauling apparatus at the end of the 
ohuimel dragging the logs out, after which they are 
lifted by the overhead hand traveller [see 4 ] and 
Iilaeed upon the carriage of the log frame, and 
treated afterwards on machines of other classes 
for further cutting up. This example is that of 
a plant HU])pliod to a firm in Bankoff, by Messrs. 
W. B. Haigh & Co., Ltd., Oldham. 

Riverside Mill. A very complete class of 
saw^mill. which includes, besides the frame- 
V saws, a number of circular-saw benches, is 

shown in 6, from a design by Mes-srs. 
- ■ \/ \ . John McBowall & Sons, Johnstone. 

^l^ho references beneath 

- arti fully explanatory. 

71 The logs are brought in 

I this instance by river, and 

l[ are hauled up two slip- 

j ways, a mcthcid which is 

i 1 very commonly adopted. 

Trolley. ways passing in- 
i , side the mill communi- 

, [ ‘ cate with outside lines of 

— : " rails, enabling the sawn 

1 products to be taken out 

- -^expeditiously. The large 

number of machines re- 
.EVATION OP 3 quire the installation of 
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two lines of shafting below the 
floor, driven by roi^es from the 
engine, which is supplied with 
steam by two Lancashire boilers, 
with sawdust- burning furnace's. 

Although by far the greater 

number of mills are fitted with 

driving gear of the types de- 
Hcribcd, the electric motor is 
tending to niter the existing 
state of things, and to do away 
with much of the shafting, bolt- 
ing, and expensive foundations 
recpiired. The motors are 
mounted close to the machines, 
driving direct, or through tlie 
m^ium of bolting. 

A Railway Shop Saw- 
mill. An excellent idea of the 
ji])jK*aranco of a sawmill may 
he gained from the photograph 
[1], taken in the Carriage and 
VV'aggon Department of the 
Midland Railway Company’s 
works at Derby, and shown here 
by the courtesy of the suix'r- 
intemlent of tlnit department, 1). 

Ilain, Ksq. A large quantity of 
(imhrr is used by the (’ompany 
in connection with the produo- 
tioii of carriages and waggons, 
and carts, drays, harrows, etc., including repairs, 
'riie averag(' annual output is 5,5fKl new waggons 
and 2(K3 carriages. A gantry is provided outside 
the »uill, carrying two overhead travelling cranes. 
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5. SIDE Kl.FiVVTiON \SD PhVN OF SVWMTLL 

which pick the logs oft' tlu' railway trucks, and set 
them on a cross-cut saw which outs them up into 
suitable lengths. The mill, which has a floor space 


of about 10.000 square 
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6(. AERANUBMBNT OF A IiAK(iE SAWMILL 
A. lAncaahlre bt>t]erB B. Coinpouud condensing engine r. EiigintM>T*s repair shop and 
|«w.sharpenlug room D, 1). Log haulers K. r»4-in. steam saw frame F. Xt-in. vei1l<'al 
log frame G, 78-in. rack saw Itohch with 60-ft. tables H. 72-lu. rock saw bench with f»0-U. 
tables J, J. 7 ft. 2 In. by 8 ft. 2 In. circular saw bciichci K, K, K, K, K, K. 6 ft. by •*? ft. 
circular saw lienches L, L, L, L. 5 ft. by 2 ft. 6 In. circular-saw benches M, M. Hwiiig 
cross-ent saws N. Shingle machine O. 0-ton travelling crab on Iwnms 
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yards and is driven by 
engines developing about 
800 has a cellar 

in which the shafting and 
belting are placed, in the 
manner previously men- 
tioned. An overhead 
traveller is seen in tlic 
illnslration, holding a 
short balk, and various 
(drciilar-saw benehes and 
frame-siWH are visibk*. 
The aim in the de.sigri 
of the mill is to keep 
Die timlx'r moving in 
a straight line as mtieh 
as possible from end to 
end, passing on the way 
U> other machines that 
re-saw, plane, mortise, 
tenon, etc. 

Figure 2 represents a 
rather different lay-out, 
and shows the interior 
of the sawmill of Messrs. 
Marshall, Sons & (V). 
The machine in the fore- 
ground is a horizontal 
band-saw, and a trolley 
track runs the length of 
the building for the easy 
conveyance of logs and 
sawn timl>er. The view 
illustrates the system of 
roof lighting and the 
loftiness of the build- 
ings, a feature which is 
not always found in the 
average mill. 
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reformers corresponded in no small measure to 
the noble men and women who visited the fever- 
haunted gaols of not so long ago, moved simply 
by love, and who were the forerunners of modern 
criminology, which odds knowledge to goodwill 
and charity. Tne earliest tem^rance reformers 
had not knowledge, but they had the fundamental 
thing, which is goodwill. They witnessed the 
obvious evils of intemperance ; they were stirred 
by noble emotions ; and, futile though their 
efforts must have appeared, yet their emotional 
propaganda was the necessary l)eginning, as in 
all other cases, of the work which is being done 
to-day. In part of the course on Psychology we 
saw that emotion is the nuthf»r of will ; know- 
l(‘dge is merely its eye or pilot. And we, in a 
iriorc scientific age, have no right, to despise the 
pioneers for their ignorance. Had we lived in 
th'dr time we should have Ik'oii ignorant like 
th(‘ni, and might have been inert and <;arel<‘ss, 
as th(*y were not. Not niueli longer shall it 
Im^ ere, having armed goodwill with knowledge, 
with science, we shall sing with Ttmnyson 
in “ The Princess ’* : 

“ Our enemies have fall’ll, havt* fall’n : the seed. 

Tile little seed they laugh’d at in tlie dark. 

Has risen and cleft thi^ soil, and grown a bulk 

( )f s}ianl(' 8 s girth, that lays on e\’ery side 

A thousand arms and rushes to the Siin.” 

The End of Science is Truth. And 

iiere we net‘d a Avarning. Our tniginal motive 
may be curiosity or senliment, and tlu^ goal 
loAvards which we aim may b(‘ tin* jiossibility of 
doing somc'thing, but in the intermediate stages 
we must be S(5ientilic if we can, and we must not 
permit, ourselves the luxury of aeccjiting a brief 
a.nd trying to see how good a ease we can make, 
Tiu 5 elioiit of science is no person or jiarty, and 
all victories other than the discovery of truth are 
defeats. We shall see that fanaticism, w^Jiieh 
nmders good service and bad service in every 
cause, has doiu; so in this ; and w'hilst we may 
admire its sincerity we must absoluti'ly repudiate 
its t<‘mj>er. First., then, us to basal facts, for 
Avhich we have the positive (wid(*nee of the 
various sciences whose business it is to study 
them. 

Here, perhaps, is some reward for the ])lan 
which the Self-Ediicatob has consistently 
follow^. We may turn bac’k from the study 
ol sociology to the prior science of clicmi.stry, 
and may recall the facts which were stated Avhen 
ui. studying it several months ago. On 

.^^0 discussed the s£>ecific 
chemical and bio-chemical properties of alcohol. 
We alludt'd to the young scuence whose business 
it is to study the action of all kinds of chemical 
substances upon living matter. We discussed 
the relation of alcohol to the temj^rature of the 
body, its action upon nervous tissue, and we 
came to the conclusion that in general terms it 
is a food and a poison too. 

Alcohol Does not Give Strength. 

The reader b asked to turn back to those 
pages before he proceeds with the question 
now before us. To what was there said 
let us add that various rc 8 (,*archos published 


since those words were written point more 
strongly than ever in the direction which they 
indicate. It is now actually dubious Avhether, 
even with the best intentions to do justice to 
alcohol, we can any longer admit its claim to 
rank as a food at all. Its structure tells us 
that it is incapable of making tissue, and it 
seems more than probable that, even when 
alcohol is taken in such a fashion that part or 
all of it is oxidised in the body, the oxidation 
does not yield energy which the body can 
utilise. Alcohol lx*longs in all probability to 
the class of ‘‘ pure thermogens ” (or heat- 
makers), as distinguished from true foods or 
“ bio- therm ogens,” such as fats, carbohydrates 
and proteids, Avliieh become incorporated in 
the anatomical elements and supply their vital 
nixjds. Recent careful study of the whole 
evidence Ixjaring on this question shoAvs that- 
alcoliol does not serve as a source of muscular 
energy, “ and that its use as a stimulant for 
work deptmds altogetln'r on its excitant action 
on the psycho-motor centres, and has no relation 
to its food value.” (The quotation is from a 
new ly -published little book of the utmost interest 
and value, much of the wisdom of w^hieh has 
been transferred to these pages. Its title is 

Alcoholism : Advapter in Social Pathology ” ; 
and th(' author is J)r. W. C. SulliA-an. of Penton- 
ville. J. Nisbet and C'o. Ils. (‘d. 1 Tliis excitant 
a<^tion of alcohol is transient and must be [)aid 
for. Furthermore, there Avill 1 h' found in Professor 
MeU'hnikoff’s great A\ork on “TIk^ NeAv 
Hygiene” -whieh wull probably a])pear by the 
time these words are published — <*(melusive proof 
that alcohol, in any dose, dirci'tly ])aralyses the 
protective wdiite e(*lls of the blood. 

Science’s Indictment of Alcohol* 
Thus, we noAv know^ where wc* are, so to speak. 
Half a C('ntuiy ago tlu^ sociologist, if Ju‘ had 
attempted to make a scau'ological study of 
alcohol, W'ould have found it diftieidt to con- 
tradict or to escajxj from the orthodox medical 
opinion of the time that al(‘ohol is, t'xcept in the 
rarest possible cases, a necessary article of diet, 
and that any one avIio tried to do without it w as 
a fool. The practical social problem of dealing 
Avitli alcohol and tlie facts Avhich it causes Avould 
have preseuU'd an entirely different eliarfwd4M‘. 
The ])roblom Av«)uld have Ixicn to control, if 
possibU*, the abuses of alcohol, w'hilst at the same 
time extending its opportunities for usefulness. 
Tlianks, however, in the first place, to the 
liumanitarians, and also, of course, to th. 
general progress of science, wc stand now in a 
wholly different ])osition. Essentially and pro- 
|x?rly, alcohol is a drug, and a jioisonous drug. 
It is not mnrded by any healthy person ; it 
tends to make more difficult the mainlcnancti 
of health ; its possibilities of use in disease are 
daily being more gravely questioned, the sole 
remaining one of any imi)ortance — that of its 
arrtion in fever — ^having lately Ijeen proved 
false by authoritative? and absolutcily unbiassed 
Avitnesses, and the general study of the human 
race at large? has shoAvn that, the alcohol probli'in 
is emly the most inij>ortant form of a more 
general one— the most important because it is 

5671 



aOOIOLOOY 

tl)© form in which that general problem afftujts 
the most advanced and progressive nations 
(jf the earth. 

English Alcohol is Worse than 
Chinese Opium. We now sec that every- 
men employ narcotics if tht^y can 
obtain th(*m, and of siicdi strength as tiny 
can obtain. Wt? talk in horror-struck tones of 
the opium trade in China and we are aware of 
the enormous quantity of opium which is used 
in our own dependency of India. lUinded by 
familiarity and race- prejudice we do not realisc*. 
that our own use of alcohol is lU’ecisely on all- 
fours with the use (jf opium in the East ; exctqit 
that the ravages of ahmhol are immeasurably 
worse, there is nothing to choose Ixdween the 
two cases. It is a facd; of the human constitution 
that in general it finds attra(‘tion in the use of 
nareoties. Csually one narcotic serves its turn. 

In gen(*rah the races which use opium do not 
use alcohol, and those which use alcohol do not 
use opium ; but there is not tlx* smallest scientific 
distinction lK*tween tht* f)ublic-house and the 
opium d('n. Tne fundamental biology and 
f)hyHiology of the two eases are one and the 
sarix*, and a visitor from some older planet, 
which had reached a higher stage of progress 
than any wt' have yet attained on the earth, 
casting an impartial eye upon China and Eng- 
laiul, and in his wisdom allotting no hasty 
blaiiu* to eitlxx* country, would certainly say 
that the English vice was worse than the Chinese. 
It strike's our self-satisfied minds as a piece of 
impertinence that Japanese or Chinese of great 
advancement should propos(* t^ send mission- 
aries to England in the atU'tnpt to cure us of 
our alcoholism. They have even more reason 
to do so than our humanitarians have reasons 
to make ('tforts to (xmtrol the use of opium in 
t'hina. Tfiere is no worse bias than the bias of 
ratx;, and tlx'TO is no more pitiable illustration 
o{ it than the present case affords. 

A Blackguardly Trade. Since we 
are attempting to take a wide view of this 
subject it is necessary for us briefly to consid(*r 
the relations of alcohol to the advancing borders 
of civilisation. This multiplication and dis- 
semination of the civilised peoples is, of course, 
a great world-fact to which alone a sociological 
genius might devote many lifetimes. In 
gtmeral it involves the dcstrue.tion and dis- 
appt*arance of loAver races. This is the fact, 
our present concern being not to ptvss any 
judgment upon it but to recognise it. The 
main agents of this destruction are the diseases 
unintimtionally introduced by the missionary 
and the alcohol inUmtionally introduced by the 
trader. This last is one of the most black- 
guardly and abominable kinds of trade which 
any history could conceivably record. The 
natives have hitherto been able, in their ignor- 
ance, to brew liquors containing only very small 
projiortionH of alcohol ; but the trader brings 
them raw whisky or even jmtato-spirit — the 
reader of the course on Chemistry will remember 
the sequence; potato, starch, sugar, alcohol. 
Both in the cast* of the missionary’s comynption 
and the trader’s whisky there is i^oduwd 
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into the environment of the native a new factor 
against which he has hitherto undergone no 
evolution. Natural selection has done nothing 
to eliminate the susceptible. No gradual 
immunity has been acquired by the individual — ^ 
as many of us probably acquire a gradual 
immunity against tuberculosis or t^onsumption — 
and the consequence is wholesale slaughUu*. 
Observe that we are passing no judgments as 
to whether this may or may not be the shortest 
way out of a tt*nible difficulty, though for our- 
selves we are very strongly convinced that it* 
is not. At any rate there is the fact. The 
greatest stixhmi of this rt^markable question is 
l)r. Archdall Reid, to wliom all serious th'mkers 
are deeply indebted for bis couragt^ou^ and 
single-handed efforts to establish facts of such 
great in)]Jortance. But most important for us 
IS, not tile action of alcohol at the advancing 
borders of civilisation and its terribh^ efficiency 
as a means of advance — if such advance be really 
advance — but its a(;tion within the acknowledged 
territories of civilisation itself. 

The Three Reasons for Drinking. 
And here let us follow Dr. Reid, and clear the 
issue by beginning at the beginning. Alcohol is 
manufacturiid in response to demand. It is ti’ue 
that imd(*r present conditions, which are essen- 
tially false, everything is done by those inter- 
ested in gratifying the demand in order U> 
stimulate it and make it even more urgent than 
it would otherwise lx\ But the fact remains 
that the demand exists, in the first plac(‘, just 
as the demand for opium exists amongst Eastern 
civilisations. Now. in the ease of opium there is 
no confusion as to the demand for it. It is us(xl 
because of its action upon the nervous system. 
In the case of alcohol the issue is confused, and 
more’s the pity. Let us make it clear, then, that 

men drink alcoholic solutions for three distinct 
reasons — to satisfy thirst, to gratify taste, to 
produce a direct effect on the brain.” ” But, 
though men drink for three separate reasons, it* 
must not be supposed that all drinkers are 
sharply separable into three distinct categories. 
The same man, at the same time, may drink to 
satisfy his thirst*, his palate, and his craving for 
drunkenness. Or at first he may desire to satisfy 
his thirst, next t*o gratify bis palate, and lastly 
he may seek for intoxication. Or again, at the 
Ix^ginning of his drinking career he may drink 
primarily to satisfy his thirst or taste, and, at 
the end, primarily to gratify a craving for 
intoxication. The fact remains, however, that, 
while many men drink merely to satisfy thirst 
or taste, the principal motive with others is to 
obtain those fi*eUngs of intoxication [or organitt 
satisfaction] which alcohol jiroduces when 
acting, in considerable volume, directly on tht* 
central nervous system.” (“Alcoholism: A Btiidy 
in Heredity.” By Dr. Archdall Reid. Fishei* 
Unwin, 1901.) 

The Price Man Pays for Pleasure. 

Now with the first two kinds of drinking we 
have no concern bore. They are not of the 
smallest importance, except because of their 
extreme liability to lead to the third kind. The 
thirst can be gratified without alcoholic beverages, 
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aiid, afl a fac^t of physiology, is a thousand times 
l>ett^r so gratified. The gratification of the sense 
of taste is almost the lowest form of physical 
pleasure, and then* is, of course, no distinction 
between the connoisseur who enjoys his fiiu? wine, 
the smoker who — like the present writer, who 
has no bias — onjcjys a good cigar, and the hog 
who enjoys the flavour of a well -mixed hog 
wash. The gratification of the sense of taste is 
not to l>e condemned as impro])er, but when the 
lives and souls of men, women, cliildren, and 
civilisations are involved, interference with such 
gratifi(;ation is the most trivial of all trivial 
circumstances, Prat^tically, then, we are entitled 
to regard alcohol as a naniotic drug which, like 
other narcotic drugs, exercises attractive (though 
transiently attractive) properties upon the 
human organism. Subsequent eonHe<(uen<;es ani 
more or less undesirable, but, as moralists in all 
ages have observ(‘d, it is a difficult matter for 
man to n^sist tbc imraediati^ly pleasurable, even 
though lie knows that he must aftcrwartls pay 
an inordinate price for it. 

The Rubbish about Alcohol for 
Women. The social results of alcoholism, of 
course, depend upon its individual results, and 
the character of these is now beyond disputt*. 
When it was discovered how^ to make an excep- 
tionally strong alcoholic solution, juuue of 
(iqua vUa\ or water of life, was given to it. Wc 
now know^ that the proper name for such a fluid 
is aqua inortis — water of death. The nursing 
mother may still lu; ordered stout and porter as 
aids to her great function. We now' know that 
nothing produ(;es milk like milk itself, and that 
the alcohol taken by such a mother passes iti 
her milk to her child, in w'hom it may produce 
lamentable eonsoqiumces — none the less lament- 
able lH*cause not obvious. It is our husiness here 
to brush all this rubbish aside, and to estimate 
as best we may the social consequences of this 
drug, which wo have already stated to be in- 
volved inextricably in what are called the 
diseases of society. But first of all let us deal 
with physical disease. 

The Registrar- General reports the percentago 
of deaths due to alcoholism as about 1 in 20,0(X). 
This means nothing at all, except that before 
you begin to interpret death certificates, it is 
well to know the conditions under which they 
are fillt^d up. It is e.xtremely probable that even 
“ the higlii'st estimates, based on medical returns, 
fall short of the actual truth,'’ but even if only 
J 20,000 deaths — a modest estimate — aimually 
result from the use of alcohol, this means about 
one-sixth of all deaths, including the infant 
mortality. 

Alcobol Makes tbe Bed of Con- 
sumption. The proportion, then, even on this 
very moderate estimate, would be much more 
than twice as great as the death-rate due to the 
most deadly of all other known diseases, which, 
of course, is tuberculosis. The great French 
physician, Landouzy, has said that alcoholism 
makes the bed of tuberculosis. In patients 
dying of alcoholic neuritis, four out of five 
are found to have consumption. Leading 
authorities both in Franco and in America 


estimate that about one-half of all cases of 
tul^erculosis — which kills 60,0(K) pt^isons in this 
country every year — are due to alcohol. Exceed- 
ingly interesting questions aris<\ of course, as to 
the exact relation betw'oen the drug and the 
disease. They do not here concern us. '^fhe out- 
standing fact is that, apart from all deaths due 
directly to morbid tissue changf'S caused by 
alcohol, we must include every year, in our own 
countiy alone, tons of thousands of deaths whic^h 
are returned as being due to tuberculosis. To 
these would liave to Ix^ added an enormous num- 
Iwr of deaths due to pneumonia or inflammation 
of the lungs, which is much the most deadly of 
all acute diseases. 

Tbe Appalling Deatb-roll of Alcobol. 

Again, there would Ih*. a large numlier of deaths 
due to various vicious diseases, in the (causation 
of whi(‘h alcohol is a most important factor. 
Indeed, it is impossible to question the now 
long-proved fact that in w'hat is commonly 
I'egarded as the normal, reasonable, res}K^ctable 
death-rate of such a community as ours this 
utterly unnecessary, artificial, and man-made 
factor of alcohol far outweighs, directly or 
indirectly, all other factors put togi^ther. 
We have said nothing here as to the appalling 
relation betw'cen alcoholism and infant mor- 
tality, but, of course, aii entire book would Ik* 
necessary adt^quatc'ly to state the indictment 
of alcohol in its relatiors to death, and th(‘ 
sooner some highly competent stndtuit writes a 
book upon “ Alcohol and Death ” the better. 

A leading l.«ondon pa|M^r has lately published 
a long letter from wliich the latt(‘r part may b(‘ 
quoted in full. It re])res(‘nts in its most perfec't 
form an argument, the unsj>eakable imbecility 
of which the most ignorant critic can recognise* 
but the greaUist litt^raiy genius could not 
adequately express : 

“ Sir, — The licensed trade, in w hich I am not 
engaged, and the customers of the liecmsed trade, 
to whom I do belong, are useful citizens. '^I’hey 
contribute enormous sums to our annual revjunu' 
in income tax, excise, and many other w^ays. \ 
need not quote figures, but if I spend t’lb a 
year on IxHn’, the State gets at least £1 12s. out 
of it, and the teetotaller, wdio pays no contribu- 
tions of this sort at all, receives the benefits, 
and considers himself socially and morally a 
Hupt^rior being. Thci liciuor trade may be wealthy, 
but it htis enormous burdens, and sensible people 
w'ill remember that so long as the jiroverbial 
goose is treated after the maimer of otlu^r fowls, 
we may exjHHit a continuous supjjly of his 
valuable eggs. The senseless fanaticism that 
w'ould rip him up sliould be opposed with the 
utmost energy in Parliament and in the Press 
by all practical persons who have the commercial 
interests of the country at heart.'’ 

Alcobol and tbe Race. We shall return 
later to this incomparable masterpiece. That 
anything articulate should l>e capable of such 
folly is as remarkable as any fact on record. 
The mere drivelling of insanity is the pearl of 
great price compared with it. Meanwhile, wt* 
may briefly note that distinguished FrencJi 
publicists <Mtimate the annual cost of alcoholism 
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to the French State in scores of nullions of 
pounds. In making any such estimate it is, 
of course, the death-rate that would furnisli 
the first item. But on any reasonable estimate 
of the average monetary val\je of a life tliis fii’st 
it(^m could not figure nearly so large as others 
which would follow it If alcohol killed as a 
man is killed by a motor-car accident, then the 
alcoholic death-rate might furnish something 
like nn indcix of the cost of alcohol to the State. 
But that, of course, is not its method, and the 
Hignifi(',ance of the difference cannot be; measured. 

Still confining oursc;lvefl to the physical 
consequences of alcoholism — in so far as it is 
f)08siblo to make a distinction l>etween the 
})hysical and the psy(;hical asjiects of a drug 
which acts on the organs of mind — we must 
now approach the important question of tlu" 
»u;tion of alcohol upon the physic jue of any 
race*. 

The Poisoning of the Germ of Life. 

It was Bfweially with reference to this approach- 
ing question that we referred to the biological 
controversy concerning the' inheritanee of 
ne<|uir(‘d charact(;rs. The common-sense view 
was long held that tlie children of a drunkard 
would lx; apt to start life with an injured 
endowment. Then therf‘ was mlvanced the 
famcuis “ germ-plasm ” theory of Weismann, 
and the eategoru^al and dogmatic denial that 
a(;quired characters can l)e transmitted by 
inh<‘ritanc(‘. In tlicir eagerness to prove; thi* 
irrjpossibility of such transmission, many of the 
followers of Weismann — iiK'hiding even Dr. 
Arc.hdall Rei<l, who seems to most of us so 
aeeountahly astray on this question— have 
dcelanxl that- the old eommon-s<‘ns(‘ view is a 
myth. They ineliiu* to supposi; that the germ- 
plasm is inviolable nothing can touch it What- 
ever accidents (ji* disaslt'rs or diseases fuay affect 
tin* parental organism, the germ-plasm, of which 
it is the host, passes on unscathed from genera- 
tion to gemu’ation. 

Such ludicrous statt'inents, due to excess of 
zeal, clearly jn-ove how excess may confuse even 
acute minds. The transmissibility of an acxpiired 
<‘haraofer, which Lamarck assert<*<l, and Weis- 
mann denies, is utterly distinct from, let us sny, 
the poisoning of the germ-plasm by alcohol. 

The Soaking of the Germ-plasm in 
Alcohol. There is certainly no conceivable 
means by which the much -used biceps of the 
bla(;ksniith can affect his germ-plasm so that his 
child will start life with a bigger biceps than he 
would have had if his father had Inxm a clerk. 
But just as such a process is inconceivable, so it 
is inconceivable that a poison, circulating in 
every tissue of the body, present alike in the 
blood and the lymph, should fail to injure the 
germ-plasm which de|x>nds upon that blood and 
lymph for its life. Suj)pose that the persistent 
application of alcohol to a finger-nail causwl it 


to become homy, that would lx; an acquired 
character which could not thinkably be repro- 
duced in the germ-plasm; such reproduction 
would be a case of Iximarckian transmission of an 
acquired character. What on earth has this case 
to do with the actual soaking of the germ -plasm 
itself in a solution of alcohol ? 

When we clearly analyse the facts we see 
that the consequences of the application of 
any other poison, or a crowbar, or half a brick, 
to the germ-plasm have no mon; to do with 
theories of heredity proper than they have fo 
do with the authorsliip of the Pentateuch. 

Alcoholism and Parentage. The study 
of heredity, and all the theories of it, arc concemcxl 
with the manner’ in which the young organism 
t(‘nds to resemble or to differ from its parent in 
virtue of the inherent laws and properties of 
living matter. The; question of the applications 
of j)oison to the germ-plasm, or to the fertilised 
ovum, or to the child bt'foro birth, or to the child 
after birth, is a vastly important inquiry, but 
it is no j)ro[K^r part of the actual study of heredity, 
and th(* which are elucidated in the study 
of this question are utterly independent of the 
opposed theori(;s of heredity. Of course, if the 
upholder of tin* theory of the continuity of the 
germ-plasm iinagines it to mean that the germ- 
]>la8Tn could not Ix' j)ulvc*rised by a steam- 
hammer, or killed by j)nisHic! acid, or killed or 
injured by al(;ohol — W(*ll, then, so much the worse 
neither for the theory nor the fact, but for his 
intelUg(‘nce. 

We may turn, then, to the study of the social 
facts, untrammelhxl by any th(‘ories or count i*r 
th('ori(;s of heredity, or, ratlu‘r. we may thank the 
lat<‘ 8 t and most brilliant theory —that of Weis- 
mann— for p?*(*sentmg tht* facts in such amanru;!* 
that any c'seape of the germ-plasm from alcohol 
contained in the blood which nourishes it is 
unthinkable. 

The Children's Curse. What, then, do 
we iind ? We have no ehoic<; but to lx‘]i(;ve that 
the effects of alcohol extend to tin; next gen<*- 
ration. It may be, and not infrt*quently is, that 
the alcoholic is already a degenerate, and since; 
he is so, his childrcm will also lx; degeneralt*. 
alcohol or no, and being degenerate, will very 
likely become alcoholic. But vastly excessive 
importance has been attiwshed to inborn degene- 
racy 08 a cause of alcoholism. Proof of this 
is easily to l)e found in Dr. Sullivan’s study c>f 
Industrial Drinking, in the invaluable book to 
which w'o hove already refern;d. No one who 
knows anything about it imagines that, as a 
rule, or even in one cose in a hundred, the 
alcoholic labourer was a degenerate from his 
birth ; but there is every reason to believx* 
that his children may be made degenerate from 
their birth. Products of germ-plasm bathed 
for years in alcohol, what else could be exjxicted 
of them t 
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Hydraulic Power. In utilining water 
preHBuro for power purposes we shall first eon- 
sider the subject in regard to tlu* etu|)loynienf 
of water pressure in mains by the ai’tifieial aid 
of pumping engines before treating of tlie 
natural pressure du(^ to lu’ads of water in 
resiTVoirs or waU^falls. Tluj facility with which 
water under pressure can be transmitted to 
great distances was first recognised by the late 
Lord Armstj’ong, and jesulted in the system 
lH‘ing ado})ttHi in numerous rajlway depots, 
docks, etc., and afterwards in many towns, one 
of whi(;h was Hull, where the writi*r carried out 
llie first scheme of public supply of water pressuiv 
under an Act of Parliament ; and this has Ix'en 
followed by similar installations in many towns 
in Ithigland and abroad. 

Hydraulic Pressure. The pressure in the 
mains is obtained by puiuf)ing water at a central 
station against a weiglit<‘d “ accumulator,’* 
which gives the artificial bead according to the 
load in it. The accumulator consists of a 
cylinder containing a ram. the top of whicli 
either carries a cross beam, to which is suspended 
HU iron case tilled with the weighting material, 
or a sfTics of weights are attached to a cylinder 
tmtside the ram. .\s the w^ater is pumped into 
the cylinder (the mains btung filled) the ram 
rises to the top of its stroke, and if the water 
that is drawn otf from the nuiins to work thi* 
machines that are actuated by the water 
pressure is less than that which is being pumped 
into the accumulator, the engine is automatically 
sloppt^d by meims of a chain connecting Avitb 
the steam throttle-valve of the engine, and 
w ater ceases to be pumped into the acimmulator. 

Figure 85 illustrates an accumulator made by 
the Hydraulic EDgirieering (.V)mpany. The 
water is pum^wd into the eyliiidcr B through 
C, raising the ram A, to which is fixed the ctoss 
beam D, cariying the weights W. A means of in- 
tensifying the pressure 
is atTordt»d by an ar* 
rangement such as that 
shown in 87. 
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Tjow-pressure water is conveyed through the 
pipe A into the cylinder B, in which is a piston, 
and the pressure exert(‘d on it is transmitted by 
the small ram I) to the water in the second 
cylinder E, giving an increased pressure in 
proportion to the areas of the piston C and the 
ram D. The water from the pump.s, for power 
purposes, enters through the inlet G and passes 
out at I{ to the matdiine to Im^ worked by it. 
No water is consumed from the low-pressure 
cylinder ; it is simply driven back by the 
force pumps into a low-pressure accumulator or 
main. 

lic'sides the artifitaal head which an accumu- 
lator produces, it also acts as a storage of 
energy. For instance, an aecuniulator with a 
ram 12 in. in diameter, and with a stroke of 
22 ft., when at fhe fop of the stroke, and with 
water at a [>rf‘s.Hure of 750 lb. per square inch, 
stores the following amount of <»nergy : 

Art‘a of 12 in. ram — 1 1.*b()07 sq. in. 

Energy stored - 1 13'()07 sq. in. >.750 lb. 
x22 ft. - 1,80(>,150 foot lb., 

• 56T)-horse powxT a(ding for one 

33,000 minute. 

The combined efficiency of the bydrauUi; 
pumping engine and the accumulator varies 
from 80 per cent, at slow' speeds of W'orking to 
about 70 to 75 per cent, at high s()eeds. 

High-pressure Water. The transmission 
of high-pre.ssure w ater is usually at a velocity of 
alxiut 3 ft. f)er second, but higher velocities are 
possible, as thereby the power transmitted in a 
unit of time is incH'eased. For instance, at a 
velocity of 6 ft. ]>er second fhe power transmitted 
would be double fliat of 3 ft. })cr second. 

Where cast-iron mains are used, the intornal 
diameter is generally from 6 in. to 7 in. yteel 
fubes are employed with larger 
diameters. One 12 in. in diameter 
has been employed to convey 
water at a presHU!*c^ of 750 lb. pt*r 
squ are inch . I’he ad van t age o f t h e 
larger pipe is that if a O-in. main 
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will transmit a certain gross horse-power at a 
given j)resHuro, a 12-in. main would transmit four 
times the horse-power at the same pressure. 

1'he best manner of jointing hydraulic pipes 
has been the subject of much practi(*al exp(*ri- 
mcmt. A giitta-pt^reha ring has been adopted 
as the l)cst- means for preserving a watertiglit 
joint. Where hydraulic mains are exposed to 
heat, Icatlu^r rings sliould Ik? employed. Figure 
86 shows the metluid of jointing a 5-in. hydraulic 
main. 

Mr. Ellington has designed a modified form of 
this joint, by putting a ])roj(*ction on the ]»i})e 
beyond tlio flange, the spigot and faucet being 
foniied on this projection. Tlie etl'ect is to 
increase the dt‘pth and the strength of the 
flange without an increasi^ of its section at 
the junction between the flange and the pipe. 

Lross by Friction. Hie loss of pressure 
due to friction in the mains may lx? taken as 
insignificant in the case of high-pressure systems. 
With low-pressure water the loss is more appro- 
(?iabl(?. Ilie writer’s book on “ Hydraulic 
Power and Hydraulic Machinery ” deals fully 
with the numerous purposes to which hydraulic 
j)ower is applied. It must suffice here to 
enumerate the principal ones. They are eranes> 
goods hoists, jiggers, elevators, lifts, swing 
bridges, dock gates, sluices, capstans, shop 
tools, pipe welding, plate bending and flanging, 
forging, shearing, riveting, drilling, presses, 
excavators, pile sinking, working guns on inen- 
of-war and land defences, machinery on board 
ship, etc. 

The advantages of a system of power distri- » 
bution by watiT pressure have long been rt?cog- 
nised. It should, however, be noted that all 
machines or motors worked with it consume 
the same amount of water, whether ^ey are 
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loaded to the full capacity of the apparatus (?r 
only partially bo. 

Hydraulic Apparatus. Figure 38 is one? 

of Sir W. G. Armstrong, Whitworth & Co.’s, Ltd., 
movable hydraulic cranes for shipping coal direct 
from trucks, and 89 is a coal-tipping hoist made 
by the same firm. 

In 40 is shown one of the Hydraulic Enginet?! - 
ing Co.’s double power jiggers, as employed for 
Busp<?ndcd lifts, cranes, etc. 

Figure 41 is one of jNTcssrs. Bailey & Co.’s 
hydraulic capstans. Tlie capstan is set in 
motion by pressing down the knob P with the foot. 

An illustration of the employment of hydraulic 
machinery in the for/ii of a crane on board 
ship is given in 42. 

It is impossible in this course to refer to all 
the different shop tools and raaehines em- 
ploy(?d in worksliops. A few tyiies will, howov(?r, 
he given. 

Figure 43 shows a Fielding ” port/able riveter 
in combination with a hydraulic chain lift. The 
latt,(‘r may b(‘ suspended from a travelling crant* 
hook or from any fixed ]?oint. The combination 
shown represents a double-powered 40 and 20 
ton ma(‘bine of 42 in. gap, with compound hanger. 
’^rh(‘ lift has a range? of .5 ft ., and can lift 2^ tons. 
.\ ])ortable riveter at work on a boiler is illus- 
trated in 45. 

A good example of a hydraulic forging press 
is shown in 44. I’lie iiressure on the main 
ram is ecjual to 100 tons, and to 75 tons on tin? 
horizontal, and 50 tons on the stripping, ram. 
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Figures 46 Hbows m Armstrong liydraulic lire 
appliance for use on quays, docks, etc. 

Hydraulics in Tubular Railway 
Construction. The “ shields ” employed for 
constructing the tumiels on the Baker Street 
and Wati^rloo Railway are shown in 47. ’^Phey 
were moved forward by liydiaulic. pR'sses or 
rams. Within the main body of the shield, 
bt^ihind a circular girder, was a cast steel ring 
l>earing fourteen hydraulic lams, K, 6 in. in 
diameter, and arranged as shown on the tigui*(‘. 
The lo\vi‘st four rams w('rc not always brought 
into use, as ordinarily the remaining ten were 
sufficient for driving the shield forward. Each 
ram was capable of being ottcrated indep<md<‘nt ly. 
The stroke of the rams was 20 in., and the 
water power (supplk*d by the Loudon Hydraulit^ 
Power C"/om|)a!iy at about 800 lb. per scpiare 
inch) Avas intensified, so that the average 
pressure for driving the rams was alM)ut 1,300 lb. 
fK^r square inch. Tlu^ illustration is from a 
paper read by Messrs. Copp('rthAV«.it(' and flaigli 
Udorc the Institution of (hvil Engineers. 

The Hydraulic Jack. This 
useful appliance is illustrated in 51, 
vvhicli shou's one made by Tangyes, ^ 


Limited. This jack 
forms a combina- 
tion of the hyd- 
raulic jiress and 
pump. Aram, A, 
resting on a foot- 
plate, carries on 
the top a cylinder 
C*, to which is 
att aelu'd th<^ com- 
bined press and 
p n m p in t h e 
chamber B. W ater 
is run into tlur 
chain b(*j* or |•(‘ser- 
voir B by a ebarg- 
ing hole at th(? 
side. A lever 
attached to a 
spindle at D en- 
ables the short 
(“rank E of the 
force-pump of the 
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press to Ik' raised and loAvenni. \^'ater is 
drawn into tlu* pump (cylinder (through a suc^tiou 
valve) from the icservoir at the up-strok(‘, 
and is forcetd by the down-strok<’ on to tlio 
h(*ad of the fixed ram beneath, by which thti 
cylinder and tht» load lesting on thi^ tof) 
the* puss that is eaj“ri<*d by it are raised. When 
the jack is at work a small screw in the sidi' of 
ehamher B is slaekeiU'd to alloAV air pass in 
and out. The force ])i“odue(*d is due to tlui 
leveragt; brought to hear on the jilunger of th(» 
pump acting on a small ari^a, and themee to tlui 
larger area, of the ram. The weight eapjibh* of 
being liffed can lu^ (‘alculated as follows : 

W' l>, 

a I 

Avh**n* W - wi*ight to l)e raised, 

A area of Tam, 

n nrvii of pump. 

L ^ length of h'V'cr, 
f lemgth of pump crank, 

P pressure ex(*ri(“d on hatidU* in 

poune Is. 

The effieieriey of hydraulic jacks has been 
a.scei“tained from exia-rimcnts to \)C about 77 
|Kir cent. 

Hydraulic Pumps. Figure 48 shows a 
}Kirtable hydraulic hand pump. This is fre- 
quently useful for t(5Sting Avater mains, etc. 
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Some lifeboats are propelled by a centrifugal 
pump on the hydraulic Bystem, thereby dis- 
^lensing with screws or paddkMS, which are liable 
to injury from floating wreckage, or by striking 
ihe bottom. The motive power is that of jets 
produced by the collection 
of the sc?a-water in scoops, 
which deliver it to a pump 
having vanes adjusted to \ 

pick up the water without ^ 

shock, and gradually to 
accelerate it to the speed < ^ 
of discharge, the energy ^ V 


the fall in feet, and Q the weight of water re- 
ceived in the buckets in pounds per second, then 
the gross horse-power acting on the 
A wheel, taking on efficiency of onl}^ 
B 60 per cent., will be ; 

■ Q X P X 60 

■ 33,000 

B^ The efficiency varies 

jpV'N [ with the design and 

construction of the. 
wheel, and has reached 
as high as 75 per cent, 
in overshot or 


direclwi oithor hvbkai.’LIc 

ah(*>id oi* ast<‘rn, rivktjer 

st> that the v(‘Hsel 

( an he managed by th(^ jets, although it has a 
rudder and sUjaring gear. Although tlu’: efticiency 
of this form of propulsion is only alxnit (»ru‘-half 
that' of screw propulsion, n(‘V('r- 
tlieless ihe freed<ftn from the 
iK'fore-mentioned dangers has led 
to its adoption. 

Wo shall next deal witii the 
utilisation of water power which 
IS available fiom natural sources. 

The ma<diines which ari^ cmi- 
j»loyed to (jonvert the head of 
water due to tlu^ slope of a river, 
or a waterfall, int/O })ower are 
w ater-wheels and turbines. 

Water-Wheels. Water- j 
wheels may Ik* classified luider 4^^ jjY 

three headings — namely, over- j^jyi 

bhoi^ wluM’e the water is received 
in buckets at the summit of the whe<^l ; 
breast^ where the water is received Ixilow 
th(^ summit ; and vnderahot^ where the water 

atits by momentum at 

the bottom of tlu* i 
whe(^l. 

Tlu*. variation of level 
of the water dtitermines 
the kind of wheel to be 
adopted at any par- 
ticular place wluTe the 
water |)ower is proposed 
to bti utilised. In all 
thrtHi wheels the power 
due to water flowing 
from a high to a lower 
level acts on a wheel 

revolving on an axle 46. ilvouAUUC 

either by its weight, as 

with the overshot and breast wheels, or by* its 
momentum as with an undershot wheel. 

Overshot Wheels. In wheels of this kind 
the power acting on the wheel is due to the 
volume of water reoeivtHi in the buj|lets, and the 
height through w'hich it falls. TJrr represents 
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height through w'hich it falls. 
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represents 
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V I a t o d by 

making the capacity of the bucket thi’ee times 
that of the volume of w ater discharging into it. 
Breast Wheels. With whtHils of this tyjs 
[50] tli(5 wati^r is received from a 
t'hannel surrounding the wheel, 
on the vanes helow^ the summit 
— generally between the axis and 
the lowest })oint. The water thus 
acts by its w^eight in turning tlu* 
wheel, the efficiency being aliout 
65 per cent., although 75 cent, 
has been attained by breast wlieels 
well designed and constructed. 

Undershot Wheels. In this 
class of wheel [52] the water acts 
on the vanes by its momentum at 
lAUJJC bottom. When small falls of 

6) ft. or so, or rapid currents, hav(^ 
to be utilised, this tyjie of wdieel is 
best. Tlie water impinging on the “ floats ” im- 
parts a portion of its energy to turning the 
wheel, hut eddies involve much loss of })ower. 

By comparing 50 and 

62 the difference be- 
tween the bucket of a 
breast w^heel and the 
vanes of an undershot 
wheel will readily be 
seen. 

The ••Polton 
Wheel.** This type 
of wheel [49] is much 
used in America. Cups 
are attached to the 
circumference of the 
wheel. The water is 

[RK APPUANCH dpUvored through u 

nozzle, N, and strikes 
the cups, B, in the middle, so that the whole 
of the energy is exhausted, as the w’ator is 
deflected and spreads over the cup. 

The Chinese (or “ Scoop ”) wheel is used fol- 
low^ lifts, and is practically an overshot wheel 
with reversed motion. Water is caught iu 
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bucket® a® the wheel revolver, and is raised 
to a height nearly equivalent to the diameter 
of the wheel. This kind of wheel is employed 



for draining fen 
lands. 

Turbines. 

Water power is 
utilised in atur- 
bine by the 
water passing 
from a high to 
a lower Ic^vel 
through guide 
blades ill a fixed 
ease, producing 
rotary movt*- 
mcnt, duo to th<; 
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water acting on 
a revolving 


wheel after it has acquired a d(‘linite velocity 


wliile passing through the guide bladt^. The 


revolving wht^el receives the water without 


good as the “ reaction for low or varying 
falls. In both there arc guide blades to direct 
the water at its entry to the buckets of the 
wheels. 

Experi m e n t s 
have proved that, 
turbines have a 
far higher effi- 
ciency than 
water wheels wit h 
low falls. 

Waterfall 
Power. Atten- 
tion is biMiigmorc 
and more directed 
totheim]wrtanee 49 . pelton wheel 
of utilising the 

enormous amount of power that exists in natural 
waterfalls. One of the Is^st know'll is that of 
Niagara, where a fall of from 14(1 ft, to IGO ft. 
is available, and is partly employed in working 
turbines for tlu^ distribution of pow'er for indiis - 



shock, and after it has <‘x- 
pended its tmergy in driving 
the w’hecl the w'ater passes 
away int.<) a tail race, with 
only a very small loss of 
energy. The turbine is a 
most economical appliance 
h>r utilising a iiat-ural fall of 
water for piwer diKtrihiition 
purpostjs. 

Turbiiu's am classified into 
radial,' axial,” and ‘‘ com- 
hined.” In the radial type 
t lie wat.i‘r passes through the 
wheel at right angles to the 
axis of rotation. In axial 
turbines tlu^ water flows 
through the ^vheel parallel 
to the axis of rotation. In 



trial purpoH(\s, for working 
eleetric street railways, to 
mechanieal jiowcr, and tf> 
(‘lectrie lighting, for a dis 
tanec of forty niil(‘S or mor«-. 
Tlu* magnitude of this enter- 
prise may be realised whcai 
wi* mention that thc‘ eiMit-res 
of power production develo]» 
from 50,(K)0 to over 100,(MK) 
horH(‘ - fxjw'cr by means ot 
turbmes of r>,(HM)-horhe fx>vv«*r, 
and some am lx*ing con- 
structed of - horse 

power. 

In England, wat erfalls are 
being utilised on a larges scale 
rom}>ared to the old corn 
or other mill, wdiere a wati'r- 


some turbines these two an* 47 smieuj i sel 
n>mbin,-d. T^.BI L^R IM.EH 

A reac'tion turbine 
works Avith all the parts under watt'r, and 
this is a good tyjM*> for small, or varying falls. 
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\ coNSTuiu ’rixo wheel or turbine enabled the 
DPND K 4 ILAVVVS flow' of a stream to develop 
a useful amount of cnergA" 
A step in tJu^ i igJit direction was taken when 
the Ibitisli Aluminium (\)mpany utilised the 
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Impulse ” tuibines have the buckets only falls of Foyers, above Loch Ness in the Scottish 
liailly filk^d with water. This type is not so Highlands. 

Hydraulics concludvd; followed hy Pumps 
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4. DISSECTED SOLID-BACK TRANSMITTER 
A. liiUHs Imsili which witli ilf foniiH the ease of the instninient. li. r.mss hrtd^^e which is screwed 
t-<» M and HUiiporta F, O, 11^ and ,/. C Teriniual loi’ wire leading h» front electrode (JH 
rnonnted on elamite. 1). Thin wire, end of which is Holdored t«> top of JJ. JC. Hollow cylinder or* 
brnsH contnininp; rear electrode of carbon. F. Strip of juiper wnich fits rtmnd interior wall of 
y?, insulating it. (i. Carh<»n pfrannleH to fill A’. II- Front electnale of fadishrMl carbon w'liich fits 
into top of E- A thin washer of liiKhly tlexilile mica (not visihUo closes edjres of E, and prevents 
escape of i^ranule.s. ./, Dished screwed washer, which clamps ed^e of mica when sercw'cd on to E. 
K. Aluminium diaphragm, 2i in. diameter with hole at centre into wldcti screwed pin of H fits. 
It is surrounded by asoft rubi»er l>and. h. Kin^r of mica interposed between K and /If. M Front 
of case with one of the dainpiii}; spritiKH which normally presses anal nst inner side of K. A. 
Ebonite mouthpiece wliieh serowsinto M- O. St‘cond ilampinK <^I»Hni 4 . P and Q. Niil and check 
not whic.h screw on to pin <»f H «>ri remote side of diaphragm (A’’, so connectiii}; TI and A'. 


of communicatiiijs 
spoken sounds over 
considerable dis- 
tances. 

The Receiver. 

Hell’s telephone ro- 
inains with us in the 
form of the receiver, 
the part of the modern 
instrument which is 
held to the ear. 

Although identical in 
principle, every detail 
of its electrical and 
mechanical features 
has been brought to a 
high state of ^K'rfec- 
tion. The form shown 
[31 has a horseslioe- 
H h a p e d j)ennanen t 
magnet in. long, 
and soft, iron pole- 
]»iece.s on which arc 
iiiountecl tw'o oval- 
sha|»ed coils of silk- 
(‘(ivcred coiiper w'irc, 
each coil having 7tMl turns and a rc'.sistancc of 
SO ohiiis. A speeiiiien rccjcntly cxainmcd liad N 
2,000 for the permanent magnet, and B— 5,000 for 
the diaphragm, which is 5*5 <*eiitijiietrcs in diameter 
and *025 centimetre thick, ’rids value of B is 
suitable for producing a large movement with a 
relatively small current [see page 500]. 

The case is of ebonite, or brass wdtii an ebonite 
shield, and the mechanical connection botw'ecn tlu^ 
magnet and the case is made as near to the dia- 
phragm as possible, so that wdieii once adjusted at 
a distance of about in. from the poles it will not 
l>e disarranged by tojuperatiiro variations. The ear- 
piece is arranged toelamp the diaphragm in posit ion. 


The Transmitter. It was soon found 
possible to im))rovc the sending end so as to use 
more jiowerfnl currents. In this 1ii‘Id there has 
been a legion of inventors. As a result of their 
labours we have a numerous array of what are 
called frunsmitters. 

The main idea underlying the introduction of the 
transmitter is that transmission shall be (dfcctod, 
not by g(‘nerating tairrentx, but by ])roducing larg»‘ 
variations in a normally constant current which is 
supplied from some independent source, usually 
a battery. For this pur])ose the transmitter has 
tw'o main features —one is the variable resistance, 
wldcb is now almost always made of carbon in 
some shape or other. For in- 
stance, in the solid-baek traiis- 
udttc'r |4| it consists of a 
(cylinder with non-coadiicting 
sides, and a bottom end of solid 
carbon, while the top of lh«‘ 
cylinder is closed by a piston rif 
carbon, (he intervening .space* 
being lillefl up w ilh tine* granules 
of carbon. W’lieu such an ar- 
j. forms jiart of an 
circuit in such a way 
that the current must enter at 
one end of the e^iindcr and pass 
out of the otlu*r, the rcsislaiici* 
offered to its passage may be 
varied through large limits. 
The resislanee is greatest when 
the pressure of the piston on 
carbon granules is a minimum, 
and least when the piston is 
pressed firmly down on them, 
the difforenoo Isdiig ascribed to 
the more or less intimacy of 
contact between the granules. 
The other feature eommon to 



1. Shaped ehouHe oar-piece which screws on to end of and Kuit|M>rts Ji in front 
»' M- E Thill iron diaphragm which is held in front of M In A- C- Ehonito 
which slips over i>. JJ. Heavy brass case with internal screw to receive K. 
V j attaching (? to lop of I). F and A- Bolt and luit to olainp together 
A, and K. Q. Klxinlte terminal cap with strain h<K>k. H. Heavy leading wires to 
connect outer tcnninals to thin coll wires. J. Permanent magnet, each llnih at in. 
I’sig. K. Z-shaped brass piece with 8<*rcw fit interior of brass ease (D), L. Woft 
non iKdc-piecos, each carrying a coil of wire. M. Two coils of silk-covered wire. 

*e (; 


ana wnicn, m mis case, is 
rigidly connected to the piston, 
so that the latter is constrained 
to follow all its movemonK ’Phis 
arrangement is depicted in 6 
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The introduction of transinifttu's curtblcd much 
more powerful effect« to be obtained. 

Referring to 6 we see that we now have a 
iuirrent flowing coiitinuously through the trans- 
mitter and the receiver, so'that when the terminals 
are proj'K'rly ooniioet/Cil the field due to this constant 
current will assist the field due to the ])ermanent 
magnet and increase the tension on the receiver 
dia])hragm. If, now, a sound wave impinge on 
the transmitter diaj)hragm so as to cause it to 
])reH8 down the ])istori, the resistance 
of the transmitter will Ix^ reduced. 

'rhis will cause 
an increase in tho 

stnmgth of the j | 

current in the 
cinaiit and so 

increase the at- 5. eecetver AND TRANSMiri'ER 
fraction on the 

receiver diaphragm, drawing it inwards. The ro/a- 
prrsffion sound wave which affected the tr>insmitter 
will Im' followed by a wave of rarefartitm^ which will 
adlow the transmittiT diaphraigm swing out 
beyond its normal ]»osition. This hais the effect 
of re<liieing the pressure on the carlaon gramdes. 
Heduetioii of j)ressurc It'Hsens the intimacy of con- 
tact between tho granules and so causes increase 
of rcsisUincc, and this in return causes decrease of 
current. At the receiver end the decrease in the 
strength of the current reduces the tractive force 
aieting on the diaphraigm, whi(;h is thus adlowed to 
swing out, and so imitate' tlie movements of the 
transmitter diaphragm. 

The Induction Coil. This combination is, 
however, only efficient when the transmitter forms 
at relatively large pairt of the circuit resistaiiice. 
With increased length of external cirevdt there is 
redu(!pd variation of current strength. To remedy 
this the induction coil, alreaidy in use for other 
]mr]>oseH, wais introduced into the telephone 
circuit by Edison. It consists of a core maide of 
tlaiii iron wires ,*1 in. to 4 in. in length laid length- 
wise ; surrounding tliis core there are two to four 
liiyers of faiirly thick insuhited copper wire. This, 
in turn, is surrounded by about ten oi- twelve layers 
of very thin insulated cop|K'r wire. The thick 
winding is called the primary ', it maiy have about 
400 turns. The thin winding is cadled the second- 
ary, and has usually about 2,000 turns. 

'riu; action of an induction coil is very interesting. 
In the first place, it de|R'nds tm Faraday’s laws 
of electromagnetism, which have aln'ady been 
referred to in <K)uiieetioii with BelPs telephone. 

In 6 it will be seen that the transmitter and 
battery arc eonneet<*d to the jaimary of the in- 
duetion coil, while the. lines to the distant receiver 
form, with the secondary <jf the induction coil, 
a separate circuit. 

As the pri»uary is of thick wire its resistance is 
sm^dl, usually about 1 ohm, so fhat the current 
in the ])rimary is considerable. 

When the diaphragm vihi-ates, the variation of 
the current is very large, becHiisc the transmitter 
is the principal resisOince in tlie primary circuit. 
Now, while this current is flowing tlie primary 
coil and the enclosed iron core form an elCetro- 
magnet equivalent to tho steel magnet in 1, and 
the secondary winding is linked with the lines 
of fonx? due to the primary in tlie same way as the 
i5oil shown in the first illustration. A decrease in 
the current flowing in tho primary will reduce the 
number of lines of Wee linking with the secondary, 
and eorrest^nds to the w'lthdra^^ of the steel 
magnet, while an increase of the cuffent coiTes[>ond.s 
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to thrusting tho steel magnet into tho coil. Jf 
follows, then, that increase of the microphom 
rosistanco will produce in the secondary a currem 
in one direction, while decrease of the microphone 
resistance will produce a current in the opposite 
direction. This is an important gain, beeausi'. 
whereas, without the induction coil we had only 
a current variation from a jiositivo minimum tn 
a positive maximum, with the induction coil we 
have a variation from a positive maximum through 
zero to a negative maximum. E({ually imporianf 
is what may be called the “ gearing ” effect of the 
induction coil. In the primary circuit wo have 
comparatively largo currimt at a low voltage. 
In the secondary, which is connected to the line, 
it is lietter to have the energy generated with 
higher E.M.F. suitable for transmis.sion over 
long lines. The induction coil enables this modi- 
fication to be made. For analogy, we may look 
at the chain gear of a bicycle. The energy supplied 
by the foot is transmitted by the chain to llic 
driving wheel. Now, the amount of energy trans- 
mitted do|)cnds u]>on two things — first, tlu' 
power ap})lied to the crunk, and secondly, its rale 
of rotation. 4’hesc two may Iks varied in any way 
so long as tlicir product remains constant. Tf 
the two wheels over which the chain runs were of 
the same diameter, it would be found that while* 
only small power was rctpiircd to attain a given 
speed the rate of rotation would lie inconveniently 
high. If, now, the crank gear-wheel is made will) 
n diameter double that of the other gear-wheel, 
the same s|>eed will lie attained by rotating the 
crank gear-wheel at half its previous rate, Inil 
the power exerted by the foot will now be double 
that in the first ease. Similarly, in an induction 
coil, the energy transmitted from the })rimary to 
the secondary is the jiroduct of the current and 
the voltage at tho terminals of the coil. I’lu* 
voltage varies in accorilanco with the number (d 
turns. See also })age 1(167. 

The Automatic Switch. With the ex- 
ception of the new central energy system instru- 
ments [5] this is the invariable arrangement din ing 
actual Hfieaking on all telephone circuits. Tin* 
drain on the batte>ry during speaking is very great, 
and a switch was arraiigeil to diseonnect the 
primary circuit after use. As batteries wen* 
neciessary for the microphone circuit, they wen* 
also used for calling, each station being provided 
wdth trembler bells. It was also necessary t«> 
arrange a switch to connect tho lint's to the bell 
normally, in order to receive calls. One switch foi* 
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both these purposes soon became the universal 
arraugemeut ; and to jirevcnt mistakes it was 
used as a rest for the receiver, and so became auto- 
matic in its action, and is always referred to as the 
aftUmiatic sintek. Figui'e 7 shows two stations 
arranged for battery ringing ; a press button ring- 
ing key, P, is used to connect the calling battery to 
the line. 

Magneto Stations. Battery ringing sta- 
tions were found to be troublesome to keep in 
order, and, moreover, the battery power had to be 



(uirefuUy calculated to meet each particular cose. 
For long circuits, relays were introduced into the 
main circuit, displacing the bell, which was actuated 
by the relay closing a local circuit. This, of 
course, meant an addition to the number of points 
where trouble might occur. The most difficult 
case occurred when it was desired to place several 
stations on one line, and so much difficulty was 
ex]KTienced in connection with batteries and 
relays that a solution of the general problem was 
sought and found in the magneto generators 
and magneto bell. The generator, alretidy de- 
scribed on page 5177 takes the place of the battery. 
It is usually wound so as to generate current at 
from 70 to 120 volts, and the gear-wheels arc 
arranged so that the armature, when the handle 
is tinned at average speed, makes about sixteen 
revolutions j>er second, or, say, 1,000 per minute. 
A switch is included in tlie generator, which nor- 
mally short-circuits the armature resistance, but is 
opened immediately the handle is rotated. 

The magneto hell shown in 8 is an electromagnet 
with a rocking armature to which a rod and hammer 
arc rigidly attacheil. The cores of the electromagnet 
and the armature are polarised by the large per- 
manent magnet, so that both ])olcs tend equally 
to attract the armature. When alternating currents 
are received this balance is upset, and a rocking 
motion, corresponding to the ra]>idity of the 
alternations, is ])roduced. The most usual resist- 
ance is 1,000 ohms, and a good generator w'ill 
ring such a bell through 20, (KM) to ()0,(K)0 ohms.. 
Figure 8 exhibits the two most usual methods of 
connectiug magneto station apparatus. The shunt 
method is gradually displacing the series system. 

Exchanges. The first telephone exchange is 
said to have been opened in Boston ,U.S. A., in 1877, 
but an exchange to which a number of subscribers 
]>r()vided with Wheatstone ABC telegraph in- 
striunents were connected had been optmed at 
New'C'UHtlc-on-Tyne in 18f>4 by A. W. Heavisi le, 
and at the time of the invention of the telephone 
had grown to GO subscribers. As the use of the 
lele])lione increased, the obvious eonvenienco 
of having a number of subscribers eoniicctcd to 
om; central i)oint, with arrangements so that any 
one of them could rapidly and conveniently be 
put into communication with any other, led to 
the introduction of exchange systems simulta- 
neously in nunuTOUS towns. I’hese systems were 
usually ])rovided by men whose ex])erienoe had 
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been telegraphic, and so telegraph practice was 
followed ; single wires with earth return were 
l>rovided, and ihe indicators at the exchange were 
arranged so that they were directly in the line 
Circuit and talking had to be done through them. 
Owing, however, to the excessive sensitiveness of 
the telephone, it was found that when speaking 
, OR on one wire it was audible in 
telephones attached to parallel wires, this result 
brought about by the mutual induction 


between the two wires, on the principle to which 
we have already referred in describing the notion of 
the induction coil. The only cure for this serious 
trouble was the somewhat expensive one of making 
the line circuit metallic, thus doubling the cost 
for wire ; and even when this had been done it wa.H 
found that when the two wires of a telephone 
circuit were parallel to a telegraph circuit the 
latter caused inductive interference, unless the 
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Bhowiiig “Keries" autl “shunt” methods of connecting 

telephone wires were arranged so that they w(‘ro 
throughout at equal distances from the disturbing 
line. 

The •• Bridge ” System. At the exchanges 
it was found that while the series arrangement 
the indicators was (piite suitable for receiving 
signals, it seriously interfered with the speaking 
efficiency; and itcaviside demonstrated that it 
was necessary to take all such apparatus out of 
the main circuit, and connect them in ‘‘ bridge 
from wire to wire, so that when two subscribers 
were in communication there should be a con- 
tiiiiioiiH metallic circuit, free from all apparatus, 
from the one subscriber’s instrument to that of the 
other. At the exchange it was necessary to provide, 
first, an indicator by means of which a subscriber 
could call the operator ; and, secondly, means to 
enable the operator to reply, which took the form 
of flexible cords, terminating in plugs suitable for 
fitting into the termination of the subseriher’s 
line, which was called tlie anmvvring jack, I'lie cords 
and ])liigs were arranged in pairs, so that on(‘ jiiug 
might be connected to the calling snb.scriber and 
the other to the subscriber who was subsetpiently 
called. Bridged across the two <*oiineeting win*s 
there was, firstly, a liftitning krt/, whic'h enabled the 
operator to connect her own telephone to thc! plugs ; 
and, secondly, a codling key^ which enabled the 
operator to connect a generator to thc calling 
and send out calling currents to the reepdred 
siibseriber. The answering jack was arranged so 
that when thc operator plugged into it, the sub- 
scriber’s indicator was cut out of the circuit, and, 
therefore, each pair of plugs had bridged across 
them a high resistance ring-off indicator [9^. 

Operating a Call. Now we can deserilie an 
operating transaction. The subscriber calls by 
turning the handle of his generator, the e.dliug 
indicator dnqis at the exchange, the oiierator 
replies by plugging into the answering jack, at the 
same time turning thc listening key, which connects 
her to the pair of plugs. The subscriber gives the 
number he requires, the operator connects the 
calling plug to that number, and presses the calling 
key which connects the generator to the calling plug. 
When the subseriber answers, the operator hears 
thc*m begin the conversation, and then goes out 
of circuit by restoring the listening key to its normal 
position. At the conclusion of the conversation 
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tho bubHcribers were rcciuired to ring off by giving 
a turn to the handle of the generator. Tliiti juitnated 
a ring-off indicator at the exchange, and the 
o|>erator thereupon witlld^t^w the plugs. 

Difficulties Overcome* In these early 
magneto exchanges the indicators required a space 
of alK)ut 4 sq. in., and the answering jacks a space 
of 1 sq. in. each. The indicators were arranged in 
blocks of 50 or JOO, and the answering jacks above 
or below thoui in eorroapondiiig blocks. In large 
towns, in spite of heavy rates, the convenience and 
japidity of telephonic communication was such 
that the number of subscribers (jiiickly increased, 
and this soon introduced new problems. One 
operator could deal with 100 subscribers, and two 
o|>erntors on adjoining swih bes could deal with 100 
each, the cords being long enough to allow of inter- 
connection between the two blocks. When a third 
switch was introduced, tho question of coniieeling No. 
1 block to No. .3 had to be considered, and this was 
arranged for by connecting a jack of No. 1 switeh 
to a jack of No. 3 switch, and in this way extending 
the line as recpiired from one operator to the other, 
the arrangements being made verbally, (clearly, 
this system ef)uld not be developed very far, and 
some other had to he evolved. It was desirable, as 
far as possible, that any one operator should be in 
a position to connect the subscribers she answered 
to any required subscriber, and this was arranged 
by duT>licating the connecting points for each 
subscriber's line in such a way that there should 
1)0 one connecting point within reach of every 
operator. As an o}>erator can reach over the 
position to left or right of her. this meant one 
connecting point ]M*.r three o|)orat<irs. The provision 
of this “ nuiHit»le ” system was a com])aratively 
simple mathT where only a few hundred siib- 
seribors wore ooncorned, but when the number of 
subscribers mounted into thousands, great ditli- 
culty was experienced in bringing the size of the 
multiyilo down to suitable dimensions for the o])era- 
tors. It became cleai* that the extent of tb(' 
operator’s reax^h determined the limiting dimensions 
for tho switches. Switch space beoamo exceedingly 
valuable, and the size of every item of the equip- 
ment was ra])idly reduced as far as possible. The 
multiple also involved the introduction of a new 
feature in tho operating. It was necessary to provide 
)ueans by which the operator could ascertain whether 
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or not the rtapiircd subscriber was “ engaged.” 
]Vovision for this was made by carrying round the 
multiple jacks a third wire, which was in connection 
with the brass bush forming the entrance hole of 
Ihe multiple jack. All the plugs in use in the 
cx(ihauge were also provided with a third con- 
<luctor, forming a sleeve for the ping in such a way 
that W'hcn inserted in any jack this sleeve was in 
contact only with the third, or test wire of the 
multiple. One pole of a battery was in connection 


with all of these plug sleeves, the other pole being 
connected to earth. The operators wore provided 
with receivers having double windings, the junction 
of the two windings being connected to earth [lOJ. 

The Engaged Teat. Before inserting a plug 
into any subscriber’s line, the operator applied the 
tip of the plug to the bush of the nearest jack. If 
the subscriber was “engaged.” a click would l)e 
heard in her reeeiver due to the passage of a current 
from the test battery, via the sleeve of the distant 
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)>1ug. along the test wire, through the tip of the 
oyierator’s plug, and so through the operator’s 
receiver to earth. 

On receipt of each calling or clearing signal on the 
indicators, the operators had to restore the Bhuttcr 
of the indicators by hand, which necessitated their 
being within reach, and, therefore, beneath the 
multiple jacks. This limited the downward growth 
of the multiple. To remedy this, a so-called sdf- 
rcfitorhig indimtor was intreidueed, which allowed 
of the indicators being jdaeed above the multiyilc 
and beyond the reaeli of the operator, and to some 
extent inert'ased the space available for jacks. For 
some time 2,0(K) was the capacity limit of a multiple, 
but by further decreasing the siw' of the jacks, by 
the introduction of flat switchboard cables, and by 
the removal of the indicators, this number was 
ra})idly increased to 8,000 and 10,000, and now 
even 20,000 c\'in be arranged. 

The Call-wire System. Further efforts 
in the same direetion were made in America and in 
Scotland by intjoducing a system devoid of indi- 
cating aj)})ar;itus at the exchange. The caU-wirr 
system provided for each subscriber a pair of wires 
terminating on the exchange multiple; in addition, 
a calling circuit was carried t^o the instruments of a 
grouj) of subscribers, the exchange end of which 
terminated on the c)})crator’s headgear sot. When a 
connection was require^d, the subscriber depressed 
a syjecial call key, which connected his instrument to 
the call wire, and enabled him to speak directly to 
the oywrator. He gave his own number and tho 
required number. The oyierator connected them by 
a. y)air of y>lugs, the subscriber turned his generator 
and called his corresyKmdent, and on comydeiing his 
oonversation again deju-essed the call key, anti 
requested the o]>erator to disconnect him. The 
rail- wire system has been gradually abandoned, 
because it retjuired the subscriber to do work which 
can be better y^rforraed automatically at the 
exchange. It should be stated, however, that the 
yirinciple is very usefully employed in modern 
systems between disciplined oywrators. Failure to 
ring off was also common to the magneto systems, 
and the need for separate .signals from each sub- 
scriber. instead of one whic‘h might be from either, 
was felt. 


CorUinued 
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THE GREAT REFORM BILL. HISTORY 

The Ministry of Willinm Pitt. Daniel O’Connell and the 40 

Catholic Emancipation Bill The History of the Reform Bill 


By JUSTIN 

piTT did his beat to keep together the coalition 
^ of the European Powers, but depression of 
trade and other circumstances combined to 
make the war unpopular after a time, and 
the King also became very unpopular. The wa** 
wont on, and though England was still 
successful at sea, the appearance of Napoleon 
on the scene changed the fortunes of war by land 
and the English generals suffered many defeats. 

The Catholic Emancipation Bill. 
In 1800 Pitt wished to bring in a measure for 
the emancipation of the Catholics, whi(;h would 
havt^ much helped to conciliate Ireland, but the 
King w ould not consent to it. But Pitt was detfu * 
mined, and the King had to accept his resigna- 
tion in 1801. His successor was Addington — a 
Minister as subservient as North had been, and 
less capable. The Peace of Amiens was concluded 
in 1802, but war again bi*oko out in the May of 
the following year. The King had another attack 
of madness, but, like the attack of 1801, it did 
not last long. At last the country would have no 
more of Addington, and insisted on fhe return 
of Pitt to the head of the Government, Pitt 
wished to include Fox in the Ministry, but the 
latter had long been a Whig, and the King dis- 
liked him, and refusexi his consent. A Toiy 
administration was at last formed which carried 
on the war with Napoleon. Pitt, who did not long 
survive the fatal news of Austerlitz, died in 180B, 
just after the nows of the victory of Trafalgar, 
in which Nelson lost his life. 

A Famous Minu try. The King was now 
compelled to accept Fox and Grenville, who be- 
came the leaders of the famous “ Ministry of All 
the Talents.” But Fox died in the same year as 
his great rival Pitt, and there was no one to fill 
the pla(!e of either. Fox was one of the greatest 
statesmen of his time, and a still greater orator. 
Grenville wished to bring in some measures of 
justice to the Catholics, but this was prevented 
by the King, who tried to induce the Administra- 
tion to promise never to bring the Catholic 
question up again; as they refused they were 
dismissed, and another Government formed, of 
which the Duke of Portland was the nominal, and 
Mr. Spencer Percival the real, head. The elec- 
tions again resulted in a triumph for the King. In 
1809 Spencer Percival became Prime Minister, 
and the majority of the Government was so large 
that they were able to survive their many mis- 
tekes in American policy. The successes of 
Arthur Wellesley (afterwards Duke of Wellington) 
in Spain at this time helped to make the Govern- 
ment popular. The reign of George III. came to 
an end in 1811. After the death of the Princess 
Amelia he became hopelessly insane, and though 
he lingered for nine years — blind, deaf, and 
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mad— he was unfit to rule again. His eldest son, 
the Prince of Wales, became Regent. 

The Romance of a King. The Regent, 
afterwards George IV., was born in August, 
1762, and Avas of a very different character 
from his father. When only twenty he 
fell in love with Mrs. Fitzherbert, a (^atholi(\ and 
there is now no doubt that he was actually 
married te her. But the Royal Marriage Act 
made the marriage invalid by English law. Had 
it been valid Cteorge IV. could not have suc- 
ceeded to the crown. WTien he came of age his 
father settled on him £50,000 a year ; the 
revenues of th(^ Duchy of Cornwall were £12,000 
a year, and Parliament voted him £30,000, and 
the same sum to pay off his debts. Notwith- 
standing this he was soon deeply in debt again, 
and the King tidded £10,000 to his yearly income. 
Ill 1788 Charles James Fox tried to improve 
his position w ith regard to the Regency, but the 
King recovered, and George’s hopes were disap- 
pointed. In 1795 Parliamt^nt promised to dis- 
charge his dtdits, which amounted to as much as 
£650,000, on his marriage with the Princess 
Caroline of Brunswick. 

The Prince was compelled by his financial 
troubles to accept these terms, but the marriage 
was a very unhappy one. There was one child 
of the marriage, the Princess Cliarlotte, and soon 
after her birth the Princess of Wales went to 
Blackhcath, where .slie lived in retirement, the 
Prince returning to his old life of dissipation. 

The Trial of Queen Caroline. The 
unpopularity of the Regent had been steadily 
increasing for some time. The Queen’s 
enemies and the King’s friimds now spread 
reports about her founded, among otlicr things, 
on the fact that she had adoj)ted a child. These 
scandals resulted in the “ Delicate Investigation.” 
Evidence was collected by every means and 
the result laid liefore the King ; but Caroline, 
who defended herself strenuously, was acquitted 
in 1807. Canning and Brougham w^ere on the 
side of the Princess, as well as pui)lic opinion 
in general. In 1814 she obtained leave to go 
on the Continent, and she lived for a time on the 
lake of Como, where her conduct was certainly 
uconventional. When Gi^orgo IV. came to 
the throne, on the death of his father in 1820, 
he offered the Princess £50,000 a year to renounce 
the title of Queen and live abroad. This she 
refused, and in reply made a triumphal entry 
into London, where she was received wath 
enthusiasm by the pofmlace. Then the King’s 
Government brought in a Bill of Divorce. 
The Queen was defended by Henry Brougham, 
afterwards Lord Brougham, the famous advocate 
and parliamentary orator, whose defence of 
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the Qneen was one of his greatest triumphs. 
So great was his success as her advocate that 
the Bill had to l)e abandoned by the Government 
oven after it had passed through the Ui)pe'r 
House. There was no evidence of the more 
serious charges against tlic Queen, and though 
her conduct was impiudent the Jving‘a abomin- 
able treatment of her would have excused many 
faults on her part. Public feeling was alto- 
gether on lior side, and the King l)ocaTne even 
more unpopular than before. On July 19th, 
1H21 . the Queen presented herself at Westminster 
Abbey on the day of the King's coronation, 
and was brutally repulsed by the King’s orders. 
The unhappy Queen died in the same year. 

Daniel O’Connell. As Prince of Wales 
(h^orge had been known as a Whig, and was 
t he friend of Fox and Sheridan ; yet, as soon 
fus he be<;am(^ King he tried to govern the 
country in the same manner as his father. 
He was, in fact, as bad a king as his father and 
not so good a man. Like C;!eorge 1 FT. he resist^tl 
(-atholic emancipation as long as he could, 
but he had eventually to give way. The Duke 
of Wellington, his Ih’ime Minister and a strong 
Tory, declared that to resist the rneosun' would 
load to civil war, and lu? declined to commit 
himself to a policy which W’ould have such a 
result. The (Catholic Emancipation Bill w^as, 
Ibei’efore, brought in by 8ir Rol>ert Peel, passed 
through both Houses, and received the Royal 
Assent on April 13th, 1829. One of the first 
Oat holies to take his seat in the House was 
Daniel O’CVmnell, the famous Irish leader who 
had given up an immense practice at the Bar 
to conduct, the agitation for Catholic emancipa- 
tion and had, in 1823, formed the Catholic 
Asso(;iation. He w^as elected mcml)er for Clare 
in 1828, but was refused admission to the 
House l)t^caiise lie wiis a ('at holier. (^'Connell, 
W'ho w^as one of the greatest orators of liis day, 
now led the agitation for Kc^jKjal of the Union, 
and was also in thorough sympathy with the 
Reform movement in England. 

The King died on »lanuary 2()th, 1830. In 
his r(‘ign lived many great Englishmen — Byron, 
Shelley, Keats, 'Sir Thomas Lawrence, Flaxman, 
Sir Humphry Davy, Dugald Stewart, Pestalozzi, 
and othei-8. 

William IV’a Reign. William TV., third 
son of George III., succeeded in 1830. He was 
born on August 21 at, 1705, When a boy he 
entered the Navy and later on served in America 
and in t he West" Indies. Tn 1 789 he was created 
Duke of (3arence, and in the following year took 
his seat in the Houst' of Ivords. In 18 i 1 he was 
made Admiral of the Fleet, and in 18H he 
conveyed Ixmis XVI IT. to France. In 1818 
he was married to the Princess Adelaide Louisa 
of Saxc-Cobnrg Meiningcn. 

Before William cairns to the throne he liad 
boim a Whig, and even after liis accession ho 
seemed to be in favour of reform ; but events 
at home, combined with the fall of Charles X. 
in France, alarmed him. 

The demand for reform was In^cjoining very 
strong all over the country, and vast public 


meetings were held everywhere. In 1830 
Lord Grey, one erf the leaders of the (Opposition, 
asked the Duke of Wellington, the Prime 
Minister, a question on the subject of reform, 
and the duke replied that he considered that 
the present system could not be improved or 
rendered more satisfactory to the country. 
The Tory Government were defeated on 
another question, on wliicli they considered it 
tietter to resign. The King had to accejit 
their resignation, and T^rd Grey then formed 
Ji. new administration with himself as Prime. 
Minister, Brougham as l.«ord Chancellor, and l-iord 
Palmerston as Secretary for Foreign Affairs ; 
Lord John Russell, then a rising stab'sman, 
was in the Government, but not in the Cabinet. 

The History of the Reform Bill. 

On March 1st, 1831, the Reform Bill was intro- 
duced by liord John Russell. This great 
measure was the lieginning of the reforms in 
our representative system which, with many 
later improvements, have given England its 
jiresent electoral equality ; it did away with 
the Rotten Boroughs, and otlior corruptions of 
former times, and was the first step towards 
making the representative system truly re- 
presentative of the people. The Bill hod, of 
course, the support of all Lilx>rals, and was also 
supported by Daniel O’Connell, who wont 
further than others by dei^laring his belief in 
manhood suffrage, vote by ballot, and triennial 
parliaments. After an animated debate the 
BO(*ond reading was carried by a majority of 
one on March 2lBt. The (iovemment, feeling 
that it would be impossible to carry the measure 
with such a majority, determined to appeal to 
the country. Parliament was dissolved on 
April 22nd, and the elections resulted in a 
decided victory for the Government. 

The Second Reform Bill. When 
Tx^»rd John Hussell introduced the Second 
R<‘form Bill it was carried this time by a larger 
majority, and went, up to the J^ords, where it 
was tlirown out on Ociolier 8th by a majority 
of 41. The King refused to create new Peers 
for the purpose of swamping the Tories in the 
Lords, and Lord Grey’s Government resigned. 
But the Duke of Wellington was unable to form 
a Ministry, and the country was in a slate 
bordering on insurrection. (In May 15th Txird 
Grey’s Government returned to office, and 
the King was now willing, if necessary, 
to create ni^w peers. At the request of thcr 
King the Duke of Wellington wothdrew from 
the House of Lords with about 100 peers, and so 
allowed the Bill to pa.-+s on June 4th. This was 
the great event of William’s reign. 

In 1834 the King dismissed Lord Melbourne’s 
Govtrament, but had to recall him in the 
following year, as the Government of Sir Robert 
Peel proved ho|x^lessly weak. 

Other reforming measures of this reign, tlu^ 
abolition of Colonial slavery, the improvement, 
of the Poor Laws, and the Municipal Reform 
Act, were all the results of that great wave of 
popular feeling which had so suddenly come up. 
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By ALEXANDER FISHER 


Goldamith’s Work. The jewel in the illus- 
tration [17] is built lip of separate ])artH. First 
the vase shape is made by boating out a striy> 
of metal the length of the circumfereneo, and 
then the part immediately above it, first as a cone, 
the lower edge of which is spread out on a mandrel ; 
then the bijse is beaten out of a small circular disc, 
in a saucer shape, and these pieces are soldered 
together. The granular surface is obtained by 
soldering grains of gold upon this. The 8imple.st 
method of making these is to cut up minuU^ pieces 
of gold wire of exactly the same length, and melt 
them on a (diarcoal block, pre-ssing the pieces into 
the charcoal. Then after picking them out of 
the charcoal, they are shaken together in a bag, and 
afterwards rolled gently and evenly by hand between 
two true fiat steel plates. By this means the grains 
will become spherical. A little calcined borax is 
mixed upon a slate, with w^ater and gold solder 
filings added ; a paste of this is made, and put on the 
gold. Now, with a mouth blowpijie, this is melt-ed 
all over the surface. When this lias been done, and 
it is quite cool, tlie grains are placed regxilarly upon 
the surface, and with a little gum tragocanth they 
are fixed. Then the flame of tlie blowpipe is blow'n 
gently upon them, drying the gum, and taking 
it up gradually to a red heat, so that the solder just 
melts, and causes the grains to adhere to the surface. 

Many of the Etruscan jew'cls, such as that shown 
in 18, were enriched in this maimer. The making 
of the filigree is of the simplest description. Take a 
small wire, flatleu it with a small hammer, and bend 
it round with round-nosed pliers. Then tic it in 
position with fine iron binding wire, and solder it to 
the main piece in the manner already described. 

The armlet illustr.ited in 17 could bo quickly and 
efficiently made by ham- 
mering the cylindrical 
shape in two halves from 
a piece of fine gold, of 
No. 10 metal gauge, by 
soldering them together, 
and then by cutting out 
the bird form in a thick 
yiicce of gold and solder- 
ing it with 20-carat gold 
solder. The head, horns, 
and paws are also made 
out of thick sheet metal 
and soldered to the body. 

Then the settings for the 
stones, which wore in the 
body, are soldered on also. 

The probable way in which 
this was made was by 
modelling m wax in a 
cone, and casting, and 
afterwards chasing. This 
method is a good one, and 
is the best, as well as 
the simplest, but the cost 
of the solid gold would 
be very considerable. 


Silversmithing. The cup shown in 24, of 
which the author once made a replica, is one of the 
most highly admired objects in the South Ken- 
sington Mnesum. It is of silver-gilt, and round the 
euj) and cover it has pieces of green enamel pliqvc a 
jonr. It is not so much an elaborate work of art 
as a iierfect piece of rclincd taste and craftsmanship. 
The principal excellence is the exejuisite finish and 
proportion. The mode of its manufacture is as 
follows : 

The body of the cu}) is hammered out of a sheet 
of silver, as described briefly in the general remarks 
under Hammering. A circular piece of sheet melal 
of No. 18 metal gauge, is out out with shears. 
width of the base is struck out with compasses, and 
then, 11^)011 a wooden block, tlie metal is beaten into 
a series of rings.the metal being held at an angle of 
about 30'* to the bloi^k, and after annealing, the 
0 |)eration is repeated at a greater angle, and so on. 
Then it is turned over on to a stake and beaten from 
the outside, and thus drawn in. Finally, it is 
planished and polished. Now ii^xin this is marked 
out the exact position of the mounts to hold the 
enamel. These mounts, made from a thick piece 
of wire, are chased and drawn by liammcriiig, 
chiselling, and filing. Then the enamels are made 
ns described under Plique li Jour. Now, cut out the 
spaces, and upon the body pounce with a sharp 
graver the pattern. After it has been gilt, th^* 
enamels arc fixed. A more ornate sample of tli*' 
samf5 class of work is shown in 18. 

Wrought Iron and Steel. From the 
fashioning of armour plate, the forging of a damas- 
cened and jewc'lled T'oledo blade, to tlie Inimble 
smithing of a horseshoe, from the making of an 
anelior to a grille or loek-plaU?, forms a fast inating 
study of work in iron 
and steel. Of late years, 
the smithing of iron 
has liecomo one of the 
finest crafts. In ancient 
times, when all objects of 
utility, a,s well as of adorn- 
ment, were marked witli 
a desire for beauty, when 
the most frequently used 
kitchen meat -jack w.as 
regarded not only as a. 
thing of use, but also as 
something that might be 
made beautiful, iron work 
flourished in all its excel- 
lence. Contrast the iron 
work of from 50 to 100 
years ago, when it was 
deemed sufficient if it 
served its purpose and 
nothing more, with such 
work of ancient times — 
with the hinges illustrated 
in 21. Why is it that a. 
piece of engineering work 
is generally ugly? It 
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sliDuld be tJiat the tool, or 
sfruetiire, which flervos itH 
|)ur]K)Sc of utility beet should 
idso be the moat beautiful, 
lor beauty depends more 
upon the fitness of inten- 
tion to purpose than upon 
.inythinp else, and any ex- 
traneous adornment or un- 
suitability, or unnecessary 
feature, should signify a 
defect in clesign. And so it 
iloes. For, rightly considered, 
it is always the beginning, 
and til p ref ore imperfect engi- 
neering or mechanical inveii- 
tions which are ugly, and as 
they grow to perfection as 
1 Kings of utility they become 
less ugly. 

Iron and steel are the 
most useful of all metals, 
but most of the ironwork, 

• •nginecring or otherwise, 
which one sees is iiotljeauti- 
ful, prineipally because it 
(Mther fails in its purpose or 
does not eomplet^ly fulfil 
it. The main characteristics 
which distinguish iron and 
steel from other metals are 
greater ductility, hardness, 
and infusihility. They oxi- 
liise more freely, and possess 
the j>rox>orty of becoming 
welded under pressure, pro- 
iluced generally by hammer- 
ing when heated to a soft 
state. Stool, which is car- 
bonised iron, differs from 
iron in that it is much harder and mort* 
brittle, hut less malleable and ductile. 

Varieties of Iron and Steel. There 
are substances lying intermediate between iron 
and steel ; these are hard irons and soft steels, 
which depend iifKin the 
amount of carbon intro- 
<lu(aHl into the iron. 
They are employed in a 
variety of ways. The 
most suitable iron for 
wrought pur^mses is 
almost jmre iron, and 
contains hut one - tenth 
j)er cent, of carbon. 
This will not harden 
under any circumstances, 
and welds readily. It is 
fibrous and tough. The 
greater the prop<>rt.ion of 
<!arbon in the eomitosi- 
tion of steel, the harder 
it is. It fuses at a lower 
teiujierature, it is granu- 
lar, very tough, springy, 
and capable of being 
made soft, hard, or 
brittle. The very earliest 
forms of wrought iron 
sliow that the ore used 
was obtained from 
meteoric ore, as nickel 
is discovered in it when 
analysed, and there is a 


certainty that they were 
unable to smelt the ordinary 
ore. 1 1 was the custom, due 
to necessity, for the earliest 
workers in iron and steel to 
make all their own tools, and 
we know nothing which is 
better training than this. 
For to make a file, a pair of 
X>licrs, a repousse tool, a 
inandi’cl and a graver, re- 
quires a great amount of 
knowledge and skill, and no 
doubt assisted the apY>ren- 
tiee in obtaining a mastery 
over his material which, in 
most other 'ways, would be 
insuftieiently acc^uired. 

In Theophilus’ hook we 
read of the method em- 
ployed at tliat time in 
making steel and iron tools. 
The principal operation in 
w^ronght iron W’hieh distin- 
guishes this work from all 
other kinds is that of weld- 
ing. Welding consists in 
making two pieces of iron 
red hot, and consequently 
soft, and whiU^ in this con- 
dition, of hammering them 
together until they form one 
piece. It is the most com- 
plete union in all metal- 
work, for it is the absolute 
junction of two separate 
)arts of the same material 
>y itself ; whereas, all other 
metals are joined by a solder 
of some kind. The most 
general methods of wrought -iron work are bending, 
chiselling, welding, riveting, and hammering. 

Methods of WorRing Iron. Bending of 
thick iron is always done while the metal is red- 
hot, either upon a mandrel, in a vice, or upon an 
iron shiiix*, and as it is heavy work, it is done 
by a man and his assistant. While one holds it 
securely with tongs or ]:)laoes it in a vice, the other 
beats it with a hammer, or twists it with other 
tongs. With leaf work, the iron is cut out from the 
sheet to a template, and is generally beaten into 
different shapes while cold, or if thick, while hot. 
Rods of all sizes, sheets of almost any thickness, 
strip of any gauge, can be readily procured from the 
metal merchant. In the forge, fine breeze is used, 
so that it falls closely round the iron. 8mall breeze 
burning is used with the bellows. It requires quick 
handling. In the making 
of any part^ the best 
method of procedure is 
to make a pattern or 
template, on which the 
scroll or ciure can ho 
tested. In making thin 
work, it is scarcely neces- 
sary to heat at all, save 
for welding ; but we de- 
precate very strongly 
the employment of thin 
iron out of doors, as in 
this climate it corrodes 
quickly. But a different 
set of tools and much 
gn'ater skill is required 



18. EARLY GERMAN CHRISM ATORY 




20. ANCIENT GREEK 
GOLD EARRING 


5088 


MCTAIA 



21. MEDIAEVAL FJIENCH CHEST HJNOES 

in dealing with thi<!k iron. When nwing thick 
iron bar, the simplest way is to bend it by 
striking it over the anvil, or over shapes fixed 
in a vice. The anvil, owing to its tafxsring, cir- 
cular, and fiat ends, can be used for almost every 
variety of curve. The ease with which iron can ho 
bent while red-hot is one of its swirces of danger, 
inasmuch as it is apt to shrink, unU^s held firmly 
and beaten slowly. The geometrical volute in the 
scroll is never to be commended. It is one thing 
that the wronght-iron worker usually seeks to 
achieve, and it is a good thing to he able to do it 
('Asily, but only so that something better may be 
tlone in which the curve is oi>e thought out and 
studied. As one walks along 
street notices that it is the 
most (Jommon form employed, 
and the result is dismal. 

^ Cast Iron. The descrip- 
tion of the method of casting in 
iron [22] will be given under Sand 
Casting. It is sufiicient for our 
j)urpose to compare cast iron 
with wrought iron. Now, there 
js, so far as eraftsmnnship and 
treatment, no comparison in all 
sn(;h work as grilles, screens, 
and such places as ret ju ire light- 
ness in design. But where more 
massive work is retjuired, such 
as newc’l jmsts to a gale, or large 
fire-dogs, or relief for the back 
of grate, then CASt iron, suitably 
desigm^d and handled, has its 
]>ro])er place. The work of 
Alfred Btevens in this material 
i’t, in some res}iect, the finest 
that has been done ; but in 
spite of his great name, com- 
mend us to the work of some of 
the tlci-man and English cast- 
iron craftsmen of the early j>art 
of the fifteenth century. For 
iron suggests sti’ength of a rude, 
simple kind ; massive, bhinf, 
heavy, solid, and full of i>owct, 
not the polished, curving, adapt- 
able, pliable, facile substance 
that co])per or silver is. This 
remark applies largely to 
wrought iron as well as to th(' 
east variety, for thin wronght- 
iron work is very tmpleasant. I 
have frequently found wrought- 
iron railings with twisted scrolls 
and leaf work that you could 


break off with your 
fingers. Imagine 
what they will look 
like in a few ycArs, 
when no amount of 
paint will hold them 
together. A ga in , one 
frequently set's parts 
which should have 
been welded held 
together by solder. 

Awhitects who pass such work 
are culpa hit' through ignorance, 
indifference, or neglect. 

Enamels and Enamel- 
ling. Enamels are eonqmsed of 
silica, minium, and potash fused 
together and ooml)ined, when in 
a state of fusion, with oxitlcs of 
metals by which they obtain their 
colour. The chief oxides cm ployc^l 
are those of cobalt, copper, iron, 
manganese, tin, and Iciid. (V)]>per 
gives green, turquoise, and red. 
From iron, rod, brown, ;unl orangt^ 
are obtained; manganese gives 

n de and ct»balt blue, 'riii anti 
combined and calcined are 
used to make enamels opatjue. All 
enamels are transparent before this 
calx — of lead and tin — are added, 
('hloridcs of gold give ruby and 
silver yellow. 
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These enamels 
are made in a 
crucible, and 
when prtqxM’ly 
run down into a, 
clear vitreous 
inass are poured 
out into water. 

By doing this a 
great amount of 
time is saved in 
I be subsequent 
operation of 
grinding, which is 
the next part of the prtwiess uf 
enamelling. 

Enamelling is divided into five 
jJToeesses — namely, Chainplcve, 
<1<usonni% Bassetaiile, Plique a 
dour, and Liniogt'S, or paintetl 
enamels. 

Champleve Enamelling. 

Chainpleve enamelling, of which a 
specimen is ilhist-rated in 23, con- 
sists of two separate }>rotiesscs 
of engraving or carving and then 
filling these spaces in with enamel, 
and firing. A plate of cop|x»r, 
silver, or gt)ld is taken and ]>ut 
upon pih'h or resin attached to a 
1 k)w 1 or stick (as descrilx'd under 
Engraving), and the pattern sunk 
witn a flkt scor|>ri- to alx)ut one- 
sixteenth of an im'h in depth, 
leaving the dividing outline of the 
jiattcirn raised. Then the enamel 
is pidverised with a ][)estle and 
mortar in water until it is a fine 
powder. Now it is washed so that 
all the milky port is entirely re- 
moved, after wliich it is put mlo 
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a saucer, and with the aid of a spatula or a brush 
the sunk parts are filled up with the granulated 
enamel. It is now dried at the furnace, and when 
the furnace is of a pale red heat, 
it is slowly and carefully introduced, 
supported on a fireclay or iron 
planche. When it has become shiny 
it is withdrawn and allowed to coof. 

This is then examined, and if any 
parts are below the surface of the 
raised metal lines they arc tilled up 
again as before and fired once more. 

It is once more removed from the> 
furnace and upon examination it 
Avill be found to have some 
parts raised beyond the others; 
these are ground down with a 
corundum file and water, and then 
retired. 

Cloisonne Enamelling. 

Cloisonne enamelling differs from 
the preceding only in the ]»rocess of 
its pre})aration for the enamel. Jn 
this case the cloiscms or flat, tliin 
strips of metal, either gold, silver, 
or oopi)er, are soldered to the 
nmtal surface to be enamelled. 

When the plate lias been cleaned 
la “ pickle ” (sulphuric acid and 
water) the spaces are lillcd in as 
before and fired. 

Basseiaille. This is a process 
in which the metal is carved in relief 
l»elow the general surface of th<' 
surrounding metal. The metal 
<'ut sharply with gravers and 8Cor[iers. 

Tt is most, advisable tirst to make a 
careful model in wax, and then to 
copy it in the metal. Then fill in and fire. There 
are no metal divisions in this case, but by care- 
ful handling the edges will not mix, and they do 
not do so in the furnace unless greatly overheat-ed. 

Plique a Jour. 

Pliqjue jour is iden- 
tical with cloisonne 
enamelling save that 
there is no back- 
ground of metal to 
which the wires or 
cloisons arc soldered. 

'they are simply sol- 
dered to each other 
and between these 
spaces the enamel 
powder, juixed with 
gum trngneanth, is 
placed, dried care- 
fully, and fired on 
a support which 
touches the edge of 
those parts where 
there is no enamel. 

This, for simple 
work, is very 
effective and easy, 
b'or more clabo- 
rnte work such us 
a. bowl or a cup, 
the metiil cloison 
is laid upon a 
metal or fireclay base, which are filled in and 
tired as described for champleve, and the base 
is afterwards removed either by acid or other 
solvent. 
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Limoges or Painted Enamels. Tlioso 
enamels [26] are different in their manufacture from 
those obtained by the proooding processes. The 
sheet of metal is slightly domed 
so that it rests upon its edge. 
Underneath, it is covered with one 
coat of finely-ground enamel about 
one-eighth of an inch thick, and 
when this has been thoroughly 
dried it is turned over and the 
front is enamelled with a layer of 
rather coarsely ground enamels. 
The metal has, of course, been 
thoroughly cleaned as described 
under Pickling, before the enamel 
is spread upon it. This first layer 
is fixed and repaired, if necessary, 
until it is quite clean and bright. 
Then, upon this the subject or 
design is painted in white enamel, 
very finely ground with water, or 
with a glass muller upon a glass 
slab. With a brush it is then 
painted upon the prepared enamel 
plate [25]. A great degree of 
modulation can be given to this 
white by putting it on in varying 
thicknesses, and 27 is a good speci- 
men of this. After firing, it is 
(!OV(Ted with transparent enamels 
and fired again. 

Another most advantageous and 
iwculiarly characteristic part of this 
process is the use of foil. Just as 
foil is used to heighten certain 
stones so it is used to hcigliteii 
enamels. These ]>aillons of foil 
arc cut out and stuck upon the 
enamelled plate, after which the different coloured 
enamels are fused upon them. There is a great 
tendency to use foil, which should be guarded 
against as it is a])t to give a meretricious effect. 

The whole w'ork is 
now taken in hand 
and parts arc still 
further enriched with 
gold lines. The eff ee t 
of a finely painted 
enamel is one of 
the most beautiful 
things it is possible 
to produce. 

Sand Casting. 

Sand casting is 
generally emxfioyed 
where simple surfaces 
and planes are the 
dominating feature 
of the model. In 
jireparing the model 
it is obviously neces- 
sary to bear in minti 
the process in which 
the work is to be 
carried out. For 
sand casting this 
should be arranged 
so that the mould 
in sand will draw 
easily in the fewest 
possible pieces. Sand casting is very largely the 
equivalent of plaster casting from a piece mould. 
In cem perduUi the model may be of any sbaiie, 
undercut, and of the most uneven and intricate 



24. BBAKEB, WITH COVER, 
FIFTEENTH CENTURY 



25. ENAMELLING A PLATE ON WHICH THE SUBJECT HAS 
BEEN DRAWN IN IRIDIUM AND FIRED 


MSTAI4I 


design. But the reverse holds good in sand casting. 
In modeilitig for small work such as jewellery, it is 
a great advantage to use rather a hard wax, which 
can be done with ease if 
it be warm, so that when 
it is cold it will set hard 
enough to press the mould 
from it. The larger the 
work the more desirahlo 
it is to have tools and 
appliances, but for jewel- 
lery the siinpl(»Ht mould in 
plaster and brickdust — or 
a sand mould — is sufficient. 

The sand, which is finely 
prepared, is put into a 
i)ox and pressed down in 
a wet state, until it is 
aim ost a sol id m ass. U pon 
this the impression of the 
mould is made. Then the 
reverse of the mocl<*l is 
taken in the corresiK)nd- 
ing half of the box. A 
V-sha])ed hollow is cut 
from the inlet of the box 
on to the impressed mould 
and then tin* sand is dried. 

("Jhareoal powder is now 
sifted all over and the 
melted metal is poured into the mould from the 
(trmnble. This, in the siin]>lest possible terms, is 
howsanrl easting is |H‘i*formod. Froin this grouud- 
woflc the most oinhoratt' 
system of casting has 
l)een built up. The elabor- 
ations (’.onsist in making 
the })ic(!es, or piece moulds 
nceessitji ted by the diff- 
erent planes of the model. 

If th('S(* are numerous, as 
in a group of ligures, it 
natiiraily involves a great 
amount of careful planning 
and execution. All such 
pieces are united with iron 
or bronze, pins, as the ease 
may be, and the. core or 
heart of the mould is fixed 
in position also with pins, in 
order to keo}) the inner edge 
of the nioiiM and the outer 
surface of the core in their 
exactly separated ))ositions; 
then the metal in a liquid 
state may run b(*tween them. 

Any parts of the mould, 
such as arms or legs of 
aniinnls, or ligures which are 
extended, are usually cut 
away from the main trunk 
and east/ Hei>aratoly. They 
are joined afterwards by 
brazing or sohlering and 
riveting — a pweess which 
siinjjlities tJie easting con- 
siderably. Most of the work which is not large in 
dimension and is composed of many surfaces is 
now (aist in the lost wax, or eirr pardu, process. To 
compare the.se; i^rocesses would be invidious, for so 


much depends ii pon the skill of the a rtisan. Bu t the 
above is a guide to their diiferences and advantages. 
General Considerations. It is hardly 
necessary to dwell further 
upon the various processes 
of mctal-work or enamel- 
ling. or loelaborate in detail 
the intricate problems 
whi(;li present themselves 
in the practice of them. 
But it is ns well to point 
out that the failures which 
everyone has to encounter 
at the Ix'ginniiig and dur- 
ing the jmrsuit of any art 
work, or, for that matter, 
any kind of work, and 
especially in its higher 
branches, wherein the ele- 
ment of chance, so largely 
enters — sucli as in the 
ease of repeatedly tiring 
a j)iec.e of painter) enamel — 
must all Ire considered as 
incidents by the way from 
which it is ])08sib!c to 
derive valuable knowledgr^ 
for future work. For 
(he cause of ea<*h failure 
rightly accounted for and 
Ruceessfully overcome is a step on the ladder of 
achievement. Failures, then, should never be re- 
garded in the light of discouraL'eincnt and despair, 
but as obstacles in over- 
coming which iiKTeascHl 
knowledge and strength is 
ga iued. 

It is most im))ortaut also 
to bear in mind (hat the best 
results can be olrtained only 
from a material by observ- 
ing its properties and capa- 
bilities first, and m‘ver im- 
posing eoiiditions upon it 
which are foreign to its 
nature and eornywHition, 
which will milit^ito against 
success; but always eu- 
dt;avouriiig to express the 
true essentials of these pro- 
perties. That is to say, the 
full apj)recintion of the fact 
that material (he it metal, 
enamel, or any other) which 
is taken u}) for the expres- 
sion of an aesthetic emotion 
is in many restK»ets both 
masU'r and servant. By a 
ra])id survey of work in 
which a misapplication of a 
material has been em])!oved 
one. can see what to avoid — 
such as in tlie ease of 
mouldings, columns and 
capitals made in stone or 
wood have been copied 
in metal, or, again, where the forms of natural 
flowers and leaves Inive been closely imitated, and 
made as though they we.o growing out of a wire on 
the side of cu]». 
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By Professor R. ELSEY SMITH 


T^ETAIL drawings consist of drawings of 
^ portions only of a building prepared to a 
larger scale than the gmeral drawings. The 
scales most generally used are those of k in., 
1 in., IJ in. or 3 in. to afoot. The actual scale 
selected for any particular drawing will de|x^nd 
on the size of the part to be represented and 
the degree of elaboration to be employed. 

Some Suitable Scales. Drawings re- 
presenting oonsidfTable jiortions of a building 
are very usually made to a scalt^ of J in. to 
I ft. This scale allows such work as requires 
to be indicated on external elevations — brick- 
work, terra-cotta, stone-work, carpenter's work, 
tiling and slating — to be shown with sufficient 
clearness to indicate the method of putting the 
whole of the work together. Such a drawing-may 
im^ludc work done by several difTerent trades. 

Where the design, method of construction, or 
framing is elaborate, or where there is much 
small detail in the mouldings, or enrichments, 
etc., as in the ease of some joinery work, for ex- 
ample, scales of 1 in. oi* 1 ^ in. to 1 ft. are used. 
The latter is a convenient scale, being one-cigbtb 
full size, so that I in. equals 1 in. ; but except for 
quite small objects it requires a very large drawing 
and is only necessary where there is much detail, 

A scales of 3 in. to 1 ft. or one-quarter full 
size, is not often necessary, except for represent- 
ing work in whic h thorci is a very considerable 
amount of detail, such as mosaic work and 
tiling. It is not satisfactory for indicating 
mouldings, which the architect should always 
represent full size. 

Fuli-s.ze Drawings. Full-size details 
may be combined in the same sheet with draw- 
ings t o one of the other sc^alos rc‘f erred to. Thus, 
a plan, lilevation and sccition of a door, with its 
frame or linings and architraves, may 1x5 given 
to a scale of 1 in. to 1 ft., and a se.ction through 
the door panel and t he architrave, if it is moulded, 
may be drawn full size. 

The necessity for full-size drawings of mould- 
ings and enrichments applies to all work in 
which such mouldings are made use of as a 
means of decoration, whether it be executed 
by the bricklayer, mason, carpenter, joiner, or 
plasterer. The effectiveness of a moulding 
deix»nds on the careful ])roportion between the 
various parts ; and if it is drawn one-fourth full 
size or smaller, reliances cannot be placed on its 
proper enlargement, and a small variation from 
the correct form may do much to destroy the 
effect that it is intended to produce. 

In the case of terra-cotta work, it docs not 
suffice to draw the moulding full size, for tlw 
material is moulded in a plastic condition and is 
reduced considerably in bulk during drying and 
burning. The mouldings must therefore Ih‘ 
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drawn to the size required for the mould, which 
is larger than the finished size. The manu- 
facturer will supply, on demand, a shrinkage 
scale prepared so that the work, if set out 
with it, will, when burnt, be of the dze requirt'd. 
It is well always to use this scale and not 
merely draw 1 he mouldings and enrichments to 
the tinishod siz<;, or in the process of enlarge- 
ment the delicacy and accuracy of the profiles 
and details may be lost. 

Finishing Detail Drawings. Draw- 
ings made to a scale of .J in. to 1 ft. arc somotinu's 
finished in ink, sometimes left from the pencil ; 
but tracings from them for the use of the various 
workmen employed are made in ink. If tlie 
detail is to form one of the contract draw- 
ings it should be finished in ink ; and this is 
desirable in any case if the work is elaborate, or 
deals with work of several different trades, so 
that a good deal of use is likely to be made of 
it. In the latter case it is also sometimes fully 
coloured to show different materials, both iii 
(‘levation and in plan and section ; but. where 
a d(‘tail deals with one class of material only, 
and csi)ecially in the case of details to a largJ^r 
scale than J in. to 1 ft., usually the sectional 
parts only are tinted. 

In the case of full-size drawings, the })rofile 
of mouldings or blocks of material is outlined 
with a line of colour and 7K)t filled in with a 
flat wash. In such cases the colour need not 
necessarily be the special colour desciibcd in 
a previous article, or the one usually (em- 
ployed to denote certain materials ; for in such 
a case there can lx? no doubt about the matcerial, 
and it is, on the other hand, sometimes conveenient 
to draw plans of two courses one over the otluT 
(for exami)le, the plan of a pier below the capital 
and the plan of tlio arch mouldings above), so 
as to show them in their proper rc'lation to each 
otlu'r when they are not identical ; in such 
cas(5s different colours may be chosen to dis- 
tinguish between two or more successive courses. 

Variety in Architectural Detail. 
It is not possible to give a series of details of 
various constructional forms that would cover, 
to a considerable extent, the whole field of 
building construction, because the forms of many 
objects are influenced, not only by construc- 
tional necessity, but also very largely by their 
artistic treatment. 

For example, in the case of two doorways, the 
width and height of both may be identical ; 
while in many other r(‘sjx‘cts they may differ 
materially in a])pearance and treatment, accord- 
ing to the style of architecture and materials 
employed. Any drawing, therefore, representing 
an architectural feature can only be considered, 
at least so far as the artistic treatment is 
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concerned, as one method of treating it, while 
it might represented without altering the 
essential features of its construction in many 
ditferent but equally satisfactory ways. 

The drawings, therefore, that illustrate this 
article are not presented as the only correct and 
satisfactory method of treating certain features, 
but as examples of the manner in which certain 
fairly typical examples of work are repre^nted, 
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so that the foreman and workmen who have to 
actually create the work shall be able to com- 
prehend thoroughly the architect’s intention. 

Joinery. A drawing such os 17 or 18 is sent 
,to the builder and by him handed over to the 
foreman of the trade in whose shops it is to be 
executed, and he prepares from it full-size draw- 
ings on a board termed a rod. The joiner sets 
out vertical and horizontal sec^tions, including 
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mouJdiiigs, but not, as a rule, an elevation, and 
from these rods the necessary amount of wood 
is ordered, cut to scantlings, and in many shops 
prepared to some extent by the help of 
machinery, and then sent, with the rod, to the 
joiner’s bench for finishing. 

The rod for a small piece of work may consist 
of a single board, which is planed and the surface 
wdiitened, and the drawing is then mode with 
a fairly black pencil, all sectional parts l>eing 
hatched. Where the rod is necessarily large 
several boards are joined togethei. 


Details of Masonry, The mason must, 
where any complicated forms are used, set out 
his work on the r(Kl in elevation as well as in plan 
and section ; and templets and face moulds are 
prepared from this in sheet zinc, as described 
in Masonry [pages 3039-40], and sent to the 
banker with the stone for the mason to work uj). 

In preparing his details the architect must 
determine in his own mind, and must show’ upon 
the drawings, the manner in which the work is 
to Ik* framed and jointed, and the exact manner 
in which any enrichment is to be applied to it. 
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DRAWING 

This necessitetes a thorough knowledge of the 
methods of work employed in the various 
trades or craf t» and of the nature and limitations 
of the materials used in them. 

In the case of the masonry detail [17], the 
general size of the window is je^lated by the 
portion of the building it is to light, ana this 
cannot in many cases be greatly varied ; but the 
actual form of the window opening is susceptible 
of variation, and is determined generally by 
the style of architecture eipployed, and exactly 
by the taste or fancy of the architect, and this 
must be fixed with due regard to construction. 
In 17, which is small and not very complicated, so 
that it may be reproduced to a large scale, the 
head or upper part of the window is occupied by 
tracery enriched with cusps, and all the bars of 
such trace^, whether straight or curved, are 
usually designed symmetrically on a centre line ; 
this is frequently the centre of a fillet formed 
in the stone, and in that case does not appear 
as an actual line on the finished work ; but it is 
essential, to facilitate setting out, that it should 
be shown on the drawing, and in practice this is 
often done by a red or blue line for such centre 
linos, but in 17 by a dotted line. When curved 
lines are used the position of the centre from 
which they are struck should be indicated, 
and the length of the radius may be usefully 
figured. 

Templets and Moulds. In the case 

of the stones forming the jambs, which only 
differ from each other in the area of their beds and 
perhaps also in the height of the stones, a tem- 
plet giving the moulding should be prepared ; and 
this may be made to show by its actual length the 
widest bed to be used, and, by a notch, the nar- 
rowest. In the case of the tracery, face moulds 
will bo required for each block that differs in 
shape from any other, and bed moulds will also be 
required, which, in most cases, are formed by 
the templet giving the moulding of the rib. 

All mouldings must be drawn full size, as the 
individual mason cannot be relied on to know 
the exact class of moulding suited to a particular 
style of opening ; any moulded stem or carved 
enrichments must also be detailed, or, in the 
cose of carved enrichments, full-size models may 
be prepared. 

Carpenters* and Joiners* Details. 

I),3tails of carpenters’ and joiners’ work are shown 
on the same drawings, for in a great many 
instances the carpenter is required to prepare 
work to which joiners’ work is to be fitted, so 
that the two are intimately related [18]. Both in 
carpentry and joinery details the method of 
frami^ together the various timbers or boards 
of whimi any piece of framing is built up must 
be shown. In the case of caipentiy, in which the 
joints are generally lai^e, and in the main 
simple, it is not usually necessary to ^ow 
full-size details of the joints, but the method of 
forming them should be cl^rly shown on the 
^ in. or 1 in. scale drawings, and notes as to the 
actual scantlings of timbers may be added. 
If the piece of framing is to be ornamental in 
character, as, for example, an open tim^r 
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roof, full-size details of all mouldings and 
enrichments should be supplied. 

Details^f joineiy are usually made to a larger 
scale than those for the carpenter, mainly for 
the reason that the work is, as a rule, more 
intricate, but partly because the various objects 
made by the joiner are in most oases smaller 
in actual size and can be drawn to a large scale 
without the drawing being cumbersome. The 
mortises and tenons of any framing may he 
quite well shown to a scale of 1 in. or even J in. *; 
but it is very usual in any complicated piece of 
work to show the method of framing togetlier 
the various members oh full-size details, and 
this sometimes requires considerable skill and 
ingenuity. As with other trades, all mouldings 
must be shown full size. 

The Object of Detail Drawings. 
As already pointed out, the small scale general 
draw'ings servo a double purpose ; their first use 
is to enable the architect to present to the owner 
an exact representation of what he is proposing 
to build, and they later serve as instructions 
to the builder for the erection of the work. 

In the case of detail drawings, it very rarely 
happens that they are shown to the employer ; 
this would only occur in the case of some very 
special piece of ornamental work — such, for 
example, os the fittii^s for a libraiy or fireplaces 
and overmantels or similar work. They are, in the 
main, instructions from the architect to the 
craftsman, by which he is enabled to realise in 
actual work the architect’s intentions, and all such 
drawings should be, therefore, as practical as 
possible, and do not require to 1^ highly finished. 

No useless labour should be expended upon 
them ; any features that exactly repeat, for 
example, need only be drawn once, or, as in the 
window illustratea [18], the whole internal and 
external elevation need not be shown, but, where 
symmetrical, one half may be drawn showing 
the external and one half the internal elevation. 
A plan or a portion of a section may also be 
drawn where it will usefully elucidate construc- 
tion, as illustrated [16], without reference to its 
effect on the appearance of the drawing merely as a 
drawing ; notes as to sizes, differences of material 
and points in arrangement and construction may 
be freely added, the architect’s object being to 
give to the craftsman such complete and clear in* 
structions as shall prevent any chance of error. 

Staircases. A staircase detail [16] is essen- 
tially a joinery detail, though it shows some 
amount of carpenters’ work al^. The student is 
referred for the plan to the illustrations previously 
given ; the two sections here completely illustrate 
the construction and make it clear that at no point 
will any person using the staircase fail to have 
proper headroom. This drawing would give the 
joiner complete information as to the con- 
struction, but he would require full-size sections 
of the following details, which the size of the 
illustratioii makes it impossible to i^ow and 
which are liable to variation according to in- 
dividual taste; Nosing of tread, mouldings to 
outer string, skirting moulding* moulding 6f 
handrail, and detail of cap to newel. 
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MIND AND BODY 

upoup 25 

ILL-HEALTH 

Natural Remedies ef IU4iealfh : ** Forces, Elements, Environments, Exercises.** 

2 

Ignorance and llLhealtli. Heredity and Temperament Temperament and Health 

ConUnueri fiom 
put^ TiAJil 


By Dr. A. T. 

'THE natural remedies for ill-health include not 
only a very largo class of forces^ such as 
liglit, heat and electricity, but elemerUs^ such 
ixs air, earth and water ; also environments of all 
sorts, and exercises, active and passive, of every 
description. 

Just as the general use of drugs is declining, 
so is the use and number of these remedies 
extending in a most marked way. Electricity 
alone has an enormous range of variety. Water, 
again, in spas and baths and beverages and 
hydropathic treatments, has endless ways of 
application. Exercise, in the form of massage, 
vibration, resisted exercises, climbing, calis- 
thenics, etc., has a wide range of therapeutic 
efficiency, and so one might go through the list. 
Tlieir increased use is due to two causes : (1) the 
fact that diseases are no longer regarded as 
distinct entities, which can be removed by 
special drugging ; and (2) to the discovery of 
the great therapeutic value of many forces 
unknown before, such as light, heat, vibration, 
and so on. 

Natural remedies are spoken of further in 
dealing with the various diseases in which they 
arc erf value. 

The Medicine of the Mind. Psychic 
remedies are a large and, at present, but an imper- 
fectly understood class of remedies, the knowl^lge 
and use of w^hich is increasing every day. They 
are of value in varying degrees in every disease, 
for there is no form of ill-health known that 
cannot be benefited by the mind, conscious 
and unconscious, both of doctor and patient. 
Every remedy yet named has a psychic as well 
as a physical value. Drugs, for instance, act 
through the mind as well as through the body ; 
and, indeed, there are many recorded instances 
whore the mind has actually reversed the physical 
action, as when opium pills, which are con- 
stipating, given for sleep, have been thought 
to be aperient pills, and acted accordingly. 

The power of every drug is increjwed or 
lessenetf by the mind. So with every form of 
natural remedy. Travel, spas, baths, electricity, 
massage, all have a marked psychic value ; 
and this value can be immensely increased in 
various ways. Suggestions made consciously 
or unconsciously by the patient or doctor or 
friends, or by all, can make an inert medicine 
powerful for good. This is the rationale of 
placebos, or inert medicines, designed to act 
solely through the mind and thus made of 
marked l>enefit. The late Sir William Gull well 
knew the worth of these. 

But, besides acting through other means and 
treatments, psychic medicine can be made to 
act directly on the sick. Faith healing in all 
its forms, which works such undoubted wonders. 
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is a proof of this. Auto-suggestion, the use of 
will power, and suggestions made by the doctor 
with or without the hypnotic state, are all illus- 
trations of this. 

The Need for Natural Reinediea, 

No doubt psychic remedies are the most widely 
available, though by no means practically 
the most powerful. Theoretically, almost any- 
thing can be done with the body through the 
mind ; but the practical application has been 
so grossly abused and exaggerated that it is well 
to point out that the mind cannot alwa 3 rs be 
thus powerfully influenced, and that, after all, 
drugs and natural remedies are easier of use, 
and in practice often far more powerful. 

Finally, both wisdom and experience arc 
much n^od rightly to use these three classes 
of remedies, so as k) do gof)d and not harm, 
and cure in the shortest lime the disease in 
question. 

Let none think, in this nervous and fanciful age, 
that a perusal of these pages will produce the 
ill-health of which they speak. It is our duty 
to know our weak points as much as our strong 
ones, and, indeed, it can be easily shown that 
the knowledge of the fbrmer is the more valuable 
of the two. But it is ridiculous to suppose 
that in any well-balanced mind the thought of 
weak points makes one weak. The foolish and 
contemptible attitude is with one’s head in the 
sand, to refuse to look at any weakness or danger. 

What should we think of a governor of a 
Ixsieged to^vn who refused to walk round his 
walls to discover the weak parts, in order that 
they might be better defended, for fear of the 
survey making the town weaker ? We know 
well that such a survey is the surest way to 
make tho town stronger, and prevent its capture. 
In the same way here, we not only consider care- 
fully how and when the enemy may obtain an 
entrance into our city — tho body — but also how 
he may be most successfully resisted and most 
easily expelled. The whole object of this section 
is to remove from our eyes that veil of ignorance 
that renders us in emergencies helpless and 
paralysed for want of that simple knowledge 
that we shall here try to give. 

The Power that Knowledge B«'inge, 
These pages are written in the firm conviction 
that it will be impossible for their contents to be 
mastered without saving scores of lives from 
needless sickness, and many from preventable 
deaths. 

And not only so ; this section especially should 
do more, and enable its readers, should ill-health 
have already effected an inroad through any 
ignorance or neglect, to understand how to resist 
and overcome it. No doubt prevention is better 
than cure, and it is also true that in many cases 
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the professional annj of medical men must be 
calM in to overcome the enemy. It is in the 
beginning of evils, and in the lesser dangers that 
so continually beset us, that the city can be so 
well defended by the citizens, and where the 
ordinary man, by a little knowledge, can check 
the disease from going further, and save a pro- 
longed illness. 

No idea is entertained here of trying to make 
a man a doctor, or of interfering in deep medical 
matters. The knowledge that these pages gives 
is that which every man should possess, and 
without which he cannot be said to be fully 
equipped for the battle of life. 

Ill-health Not Always Due to Disease. 
Many will wonder why this section is termed 
1ll-hbalih, instead of the more familiar word 
“ disease ” being used. The answer is that 
there is much ill-health which is not due to 
disease, the former being a much more compre- 
hensive word than the latter, and here more use- 
ful. Not only so, but a man is concerned with 
his health, and ill-health is rather his subject. 
Mhile disease is more properly the doctor’s. 

Disease is, however, as we have seen, an ex- 
pressive word, for all disease causes disease, 
or want of ease, and so does all ill-health. Ease 
is characteristic of health, healthy fatigue and 
rest alternately with work, each morning being a 
resurrection and each week begun with the same 
health, spirits, and weight as the last. There is no 
loss of health capital, and the income or amount 
of daily force is not therefore diminished. 

Ill-health is the opposite of all this, and, as a 
rule, the person is conscious of it. We say “ as 
a rule ** l^cause there are some cases where a 
person may bo much out of health and not 
know it, but there are more when he thinks be is 
out of health, and is not ; for at such a time 
his mind, at any rate, is out of health, and that 
is a most important part of the man. 

Ill-health may be the result of functimMl 
or organic derangement. In other words, it may 
be due to faults in the working of some organ, 
or to faults in its structure. . 

The l^uilibriuin of the Body. We are 
all familiar with the phenomena of a “rocking 
stone ” ; w'here one stone of many tons’ weight 
is so nicely balanced on another in a state of 
dynamic equilibrium that the slightest touch 
sets it rocking, a severe push from several men 
being required to displace the pivot so that it 
con no longer rock. This stone at rest may 
illustrate health; when rocking, functional iU- 
htaUh ; when displaced, organic ill-heaUh, 

Ill-health is really the result of two factors 
—-the power of resistance and the force of 
attack. The first factor, resistance to disease^ 
de[^nds upon the condition of the individual, 
which makes him more or less vulnerable to 
attack ; the second factor, the force of mtack^ 
depends upon the character of the assailant. 

The causes of ill-health are therefore of two 
d^oriptions — predisposing or passive, connected 
with resistance, and exciting or active, connected 
wth attack — and it is upon the varied combina- 
tions of these tvTo that the special variety of 
disease or ill-health depends. ^ 
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Let us illustrate this. You are standing 
at the back of a hot ball in company with others, 
in a strong draught. When the lecture is over 
you all go home. The next morning you 
have bronchitis, another rheumatism, another 
a cold in the head, another pneumonia, another a 
liver attack, while another is perfectly well. 
Here then is the same attacking or exciting 
cause — the draught of air (laden, of course, with 
germs) — and six different results, depending 
mainly upon the difference of the predisposing 
c*ause or the power of resistance. 

The Causes of Ill-health. The chief 
predisposing causes are five : sex, age^ heredity^ 
mvironmenty and previous disease. The chief 
exciting causes are the breaking of the five laws of 
health concerning food, air, deavliness, clothing, 
exercise, and. rest, Wc will look at them briefly 
in order that we may understand a little better 
in what ways our health is really threatened, 
and how these dangers may be avoided. Wo 
will take the predisposing causes in order. 

Sex is a marked factor in determining a 
disease. There are, of course, special diseases 
of women and of men. But apart from this 
all a woman’s organs are more finely constructed : 
her frame has less strength and less power of 
lesistance, and the general ratio between women 
and men is as 5 is to 8. The climacteric periods 
at 15 and 46 are more serious with women. About 
puberty, girls especially are liable to nervous 
disturbances, also of the stomach, neuralgia, 
constipation, acute rheumatism, and anjemia. 
Women generally are more prone to diseases 
of sedentary and confined Jives, especially 
consumption. Child-bearing also introduces, 
as a predisposing cause special to the female sex, 
a factor leading to much ill-health. On the 
other hand, men are especially liable to accidents, 
and all ill-health due to exposure ; they are also 
liable to epilepsy, tetanus, gout, diabet^, spinal 
di83ase8, bladder, lung, and kidney diseases, 
and digestive troubles between the ages of 20 
and 45. 

The next predisposing cause of ill-health is 
Age. The seven ages of man are these : 

(1) Infancy, from birth to 7-lOth month. 

(2) Childhood, from 1st to 2nd dentition. 

(3> Boyhood, from 2nd dentition to puberty. 

(4) Youth, from puberty to 20-25 years, 

(5) Early manhood, from 25 to 45 years. 

(6) Later manhood, from 45 to 00 years. 

(7) Old age, from 60th year onward. 

Th« Chinese Ten Periods of Life. 
The Chinese divide life into 10 periods, and the 
divisions are so quaint that we give them here : 

From 1 to 10 — The opening degree. 

From 10 to 20 — Youth’s experience. 

From 20 to 30 — The strength of manhood. 

h’rom 30 to 40 — Officially apt. 

From 40 to 50 — Error knowing. 

From 50 to 60 — Cycle closing. 

From 60 to 70 — Rare bird of age. 

From 70 to 80 — Rusty visaged. 

From 80 to 90 — Delayed opportunity. 

From 90 to 100 — Age’s extremity. 

It must be remembered that the reckoning 
of age by years is nearly always fallacious; 
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many a man is old at 30 and young at (>0. 

] ndications of old age, such as loss of hair and 
teeth, are also frequently met with in youth* 
But sx>eaking generally distinctions due to ago 
hold good. 

The young suffer from infectious diseas<*s, 
acute affections of the mucus membrane and 
glands, the skin and lungs, and espt^cially con- 
sumption — from which diseases the old are 
mostly fret'. 

They, on the other hand, are prone to all 
diseases due to degeneration and to decay — 
to diseases of blood-vessels, to cancer, chronic 
bronchitis, heart failure, and most chronic 
complaints. 

Heredity and Health. It must be noted 
that we do not inherit diaeasea, bvl weakness of 
certain organa thai prediapose to them.. The former 
leads to apathy and despair, the latter to action 
and ho})e. All of us are compounds in varying 
proportions of our six immediate ancestom, 
— viz,, our four grandparents and our twf) 
parents ; and practically any hereditary weak- 
ness we may possess must have been derived 
from one of these. Heredity, however, does 
not lead to fatalism. You study it, not to 
discover if you are descended from a drunken 
or a nervous stock, in order that you may be 
a drunkard or a nervous sufferer, but in order 
that, forewarned and forearmed, you may 
successfully resist these tendencies, and thus 
guard the weak points. We can all make 
ourselves healthier than we were bom, for none are 
descended from six perfectly healthy ancestors ; 
and we can all avoid ever suffering from any 
particular form of disease to which we may 
have inherited a tendency. Tlio writer firmly 
believes that every predisposing cause of disease 
can be overcome. 

Temperament and Ill-health. But 

perhaps the way in which heredity is most 
mark^ is in what is called the constitution 
or temperament. This word means the sum 
total of our powers of resistance to ill-health, 
together with any marked predominance of 
any one system of the body over others, or 
special peculiarities that may stamp the in- 
dividual. 

We will, therefore, review the different types 
of temperament and constitution. These are 
generally divided into four — the aanguine, the 
lymji^tic, or phlegmatic, the bilioiia, and the 
nervona. These varieties do not imply any disease, 
but are, rather, different types of health, the term 
“ health ” being always relative to the person, 
no two people having exactly the same standard 
of what constitutes health, and few approaching 
the abstract ideal we have indicate above. 
Certain characteristics are sufficiently predomi- 
nant in each of th^e temperaments to distinguish 
them by ; though it must not be forgotten that 
while in real life we often find the typical 
specimens we here describe, we also meet with 
every variety and combination. 

The Sanguine Temperament. The 
sanguine temperament is charekcterised by a 
fforid complexion, full and rounded body, 
blue or grey eyes, and light-brown, auburn, or ' 


hair. The circulation is full and active, the 
digestion good, the character hopeful, energetic, 
and self-confident, full of force in body and 
mind, as befits those who have a strong current 
of gcjod blood. These people have large chests, 
small heads, small ‘veins, good muscles, while 
their actions are energetic and decided. With 
regard to exposure to injury they are readily 
affected by sudden changes and contagious 
diseases ; and when attackSi, the disease seems 
to lay a firm hold on them. They are more 
liable to acute than chronic diseases. They 
hi ve, therefore, somewhat defective powers of 
resistance. The moral disposition seems also 
to yield to adverse circumstances, and th(* 
character not to bo very stable. The temper is 
<»ften hasty, though never sulky and unforgiving. 
They are volatile in disposition, fond of change 
of w'ork and amusement. 

In women this temperament shows its best- 
qualities ; they are loving, devoted, and cheerful 
in mind, while in body the outline is rounded, 
the skin clear and often very fair. We thus get 
typical forms of female beauty among this type*. 
This temperament is common among the 
Anglo-Saxon race. 

The Phlegmatic Temperament. The 

lymphatic, or phlegmatic, temperament is 
marked by flaxen or sandy hair, light eye- 
lashes, grey or light-blue eyes : complexion fair, 
dull or muddy ; skin delicate and readily freckled. 
The body is heavy, often ungainly and ill-pro- 
portioned, with large joints and hands and feet. 
The muscles are large, but the movements are 
awkward and slow, owing to want of nervous 
vigour. The chest and head are comparatively 
small. The movements are slow, the passions 
evanescent, and soon subside ; the intellect is 
dull. The circulation being sluggish, the nervous 
centres are so too ; for a slow pulse means slow 
thought. Nevertheless, there may be firmness, 
solidity, and soundness of judgment. 

The power of resistance to disease is inferior, 
and the tendency to chronic, and particularly 
scrofulous, disease is great. This type is said 
to prevail among the Dutch and Germans, and 
to be frequently found in England. 

The Bilious Temperameut. The 
bilious temperament is supposed to arise from 
excess of bile in the system, but of this there 
is no proof whatever. This temperament is in 
many respects the opposite of the sanguine, and 
in it other functions arc all more active than 
that of circulation. As a rule, the individuals 
are dark. The body is spare, though it may be 
large ; the joints large, the figure angular, the 
features well-defined, but sometimes coarse. The 
cheek-bones are high, the eyes hazel or brown 
— sometimes grey, the lips thick, the jaws firm 
and strong. The body evinces power and has 
a strong resisting force against disease. The 
mind is firm, and often obstinate ; great 
tenacity of purpose and attachment, the devotion 
strong, but to few objects. Slow judgment, but 
not easily shaken, and strong prejudices. In vxmen 
the temperament generally produces firmness of 
mind, angularity of frame, and hardness of 
character, with ^rk complexion and hair. 
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There is, however, another variety of bilious 
temperament among women that almost forms 
a special type. In it the face is slight and more 
delicate ; the hair is smooth, black, and glossy ; 
the character soft and melancholy. They are 
never stout ; the complexion is clear olive, 
sometimes of marble paleness, and the eyes soft 
hazel. The temper is docile, indolent, and of 
unchanging affection and constancy. 

The Nervous Temperament. The 

last temperament is the nervous, and while in 
two of the other temperaments the names do 
not afford a reliable clue as to their cause, in 
tills it does. The nerves and intellect here 
predominate over the body. The skin may be 
dar^ and earthy, or pale, or delicately tinted 
with pink ; in fact, of any shade. It is often 
hot and dry. The skull is large in proportion 
to the face, the muscles spare, the features 
small ; the eyes quick, large, and lustrous ; the 
chest narrow, the circulation languid, the veins 
large. The face is charact/erised by energy and 
intensity of thought and feeling ; the movements 
hasty, often abrupt or violent, or else languid. 
The hands and feet are small, the frame slender 
and delicate. The nervous require sleep, but 
drink much tea ; they arc prone to all nervous 
diseases, and invariably appear able to do more 
than they are doing. 

The character may be, on one side, admirable 
for its power of mind and insight, for its lofty 
imagination ; while, on the Other, it may be 
disfigured by impetuous and unruly passions. 
To t his <das8 belong the most intellectual of the 
race, the wittiest, the cleverest of mankind. 
These are the poets, the men of letters, the 
students, the professors, and the statesmen. 
Their great dangers consist in uncontrollable 
passions. They feel pain acutely. Neverthe- 
less, they can endure long fatigue and privation 
l>etter than the sanguine. They form the leaders 
of mankind. 

Among women there is delicacy of organisation, 
quickness of imagination, and fervour of emotion, 
a temperament of the greatest interest and fine- 
ness, but beset with danger for want of a firm 
control of its great powers. 

Environment and Ill-health, Environ- 
ment is the next predisposing cause, and includes 
the work or occupation, and the situation as to 
climate and soil, and town or country. It is 
obvious, besides the special danger of noxious 
trades, that a man’s occupation has a great 
liearing on his health ; and it is also clear that 
climate, soil, and locality have the same. As 
these subjects have already been treated in the 
section on Heai.ih they ai-e not enlarged upon 
here. One fact is enough to show their enormous 
importance. If two young men start life at 
twenty, the one as a town and the other as a 
country labourer, the latter will, on an average, 
live twenty years lon|;er than the former, a fact 
which gives an additional force to the cry of 
the social reformers — “ Back to the Land.” 


Previous disease is a constant predisposing 
cause of ill-health. Pneumonia, rheumatism, 
cholera, epilepsy, influenza, tonsilitis, are, for 
example, all prone to recur. Other diseases 
may not recur, but may predispose to other 
diseases, as whooping-cough to measles, and 
vice versA. Or a disease may leave some 
special weakness behind it that may thus prove 
a danger. 

The Five Lawe of Nature. We will 
turn now to the five exciting causes of diseases, 
which are, in fact, the breaking of the five laws 
of health — food, air, cleanliness, clothing, and 
exercise and rest. 

Bad food and drink is actually responsible 
for the loss of some 2,000 lives a week, and is 
the exciting cause of most internal organic 
(liseases, as well as of the self-made poisons of 
the blood, such as gout, rheumatism, etc. About 
three-fourths of infant mortality is due to this 
one exciting cause. With regard to alcoholic 
excess, about one-tenth of all deaths arise from 
it, 120,000 people dying annually from this 
cause in one way and another, while its direct 
victims number 1,000 and more a week. 

Impure air includes all germ-laden atmosphere, 
and causes infectious diseases. Changes of tem- 
perature in the air are also a cause of chills of 
various organs, with their attendant evils. 

The absence of cleanliness in drinking water is 
the chief if not the only cause of typhoid fever 
end cholera. Personal cleanliness, or rather the 
want of it, lead to many forms of ill-health. 

Improper clothing of various sorts is the cause 
of many ills, especially among women. 

Want of Rest. Finally, the want of proper 
exercise and rest, or their excess, cause many 
diseases. It is hard to say which of the two 
most conduces to ill-health — want of exercise 
or want of rest. Nearly all functional dis- 
eases, as opposed to organic, arise from some 
breaking of this last law ; and perhaps now^a- 
days, in these high-pressure times of s^entary 
occupations, th^ form one of the chief causes 
of ill-health. Excess of work freqiiently goes 
with too little rest, and constantly produces 
breakdowns. 

The only addition that need be made to these 
five chief exciting causes is accidents, which w^e 
shall consider later. 

Before closing this general survey, it should 
he carefully noted how very preventable all these 
ten causes of diseases are. In the predisposing 
causes we must remember the disease is not 
actually produced. At most, only the train is 
laid for it, which need never he fired. The. 
exciting causes, one and all, are preventable. 

Few need eat bad food, or drink to excess, or 
breathe foul air, or drink dirty water, or wear 
insufficient clothes, or deny themselves sufficient 
rest. The more one looks at this list the more 
apparent is it that our health is far more in our 
own hands than we ever supposed. Bad health 
is almost invariably, the outcome of ignorance, 
carelessness, wilful neglect, or superstition. 
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By Professor JAMES LONG 


The Turkey. The varieties of turkey 
common to this country are the American 
Bronze. originaUy produced by the aid of the 
'U'ild turkey, the Black Norfolk, and the 
Cambridge, the plumage of which is of a mixed 
character. Birds of the two latter native 
breeds seldom, if ever, exceed 30 lb. in weight, 
while the Bronze has, in this country, exceeded 
45 lb,, the writer having once exhibited a bird 
which scaled 43 lb. Good cockerels of a year 
reach 25 lb., while pullets have attained as 
much as 17 lb. The Bronze variety has been, 
in many cases, crossed with our native breeds, 
but it is still the largest and handsomest of the 
turkeys of this country, and has made breeding 
and rearing for the Christmas market a profit- 
able industry. There are also White and Buff 
turkeys, but neither variety is bred to any 
extent, chiefly owing to the smallness of the 
weight attained. 

Good Points in Form and Colour. 

The turkey should possess a long breast -bone, 
a deep and well-rounded body, the upper line 
of which is slightly curved, while the breast is 
broad and deep. There should be plenty of 
length in the leg, well developed thighs, and a 
capacity to attain heavy weights in the first 
year. The Bronze turkey [83] is not only lustrous 
in colour, but displays a variety of tints, 
especifdly in the sunlight, these being chiefly 
bronze. The colour of the tail differs from 
that of the body, inasmuch as it is black, some- 
what indefinitely pencilled with brown, each 
feather being crossed with a black, broad 
stripe which finishes with a lightish fringe at 
the end. The colouring of the hen is never so 
brilliant as that of the cock. In all the dark 
varieties of turkey the eye is hazel in colour, 
while the face, wattles, and head-gear, known 
as the “ carunolo,” are all of a brilliant red in 
the healthy adult. The Norfolk turkeys are 
black throughout, and the White and Buff 
without any other shade of colour. 

Avoiding Confinement. Where turkeys 
are bred, they should be kept apart, from every 
other kind of poultry. They thrive best upon 
dry soil which is well shelter^, but which is not 
low lying, and the larger their run or the greater 
their lit)erty, within reason, the Ix^ttor, One 
difficulty is their aptitude to stray, and to lay 
their eggs where they cannot be found. Turkc 3 rB 
do not thrive in the ordinary poultry house. 
When there are farm buildings they maintain 
much better health if permitted to roost on the 
rafters, under the roof, or still better on the 
branches of pine trees jn a small plantation 
close to their home. Thus, contrary to general 
belief, the turkey, which is delicate as a 


chicken, thrives better when exposed to the 
open air than when kept in confinement. 

Breeding. The best and hardiest young 
stock are bred from birds which are two or three 
years old. If possible, cockerels and pullets 
should not be employed for reproduction. 
The constitution of their young is never so 
strong, nor are the weights obta nod so great 
as when adult birds are mated together. It 
is impossible to beat a breeding pen com- 
posed of three-year-old hens mated with a 
two-year-old cock. The male birds should never 
be too heavy, and although like produces like, 
it is wiser to employ large-framed hens and 
adult cocks of a size slightly above the medium, 
but they should not be fat. Hence, the im- 
portance of giving them free range, and of 
withholding fattening food. If the hens are 
too fat the eggs they lay will be few in number, 
while if all the birds are in prime vigour and 
what we may term store condition, eight to ten 
hens may form the breeding pen. The number 
of eggs laid by turkey poults (pullets) and hens 
varies from 30 to 60, or even more, although the 
larger numbers are seldom obtainable, for 
the reason that few, if any, efforts are mado to 
retain the best layers for stock purposes, owing 
first to the importance attach^ to size, and 
next to the difficulty of ascertaining which hens 
lay the eggs that are found. The turkey 
prefers a nest of her own selection in a secluded 
spot, and is not easily induced to lay in a house, 
much less in a trap nest, for which reason many 
eggs are lost where the birds have a free range. 
It is, however, a good plan to provide nests in 
outhouses and in corners where they can bo 
covered carelessly with brushwood, or any 
material which will help to conceal them. Where 
hens lay in nests of their own selection, they 
usually sit in them when broody, but many 
hens are less sensitive and excitable, and may 
be set upon eggs provided by the owner. 

The Need for Cleanliness. Young 
turkeys suffer, perhaps, more than any other 
variety of poultry from the attacks of parasites, 
which, if numerous, are the cause of many 
deaths among them. For this reason, not only 
should the nests be made in clean spots where 
there are no vermin, but the hen herself should 
be carefully examined and dusted with insect 
powder or any simple insecticide, that she may 
not be the meaas of communicating parasites 
to the chickens as they are hatched. When 
the eggs are placed in the nests they should be 
so marked that they may be distin^ished from 
others which sitting hens occasionally lay. 
The young birds may be expected on the twenty- 
eighth day. 
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Rearing Young Turkeys. After 
)iatching» the hen and her young should be 
placed in a large coop, well sheltered, on a dry 
nnd absolutely pure soil, where no poultry have 
been before. Grdat care must be exercised 
during the first fortnight, and sjiecial precautions 
taken against two difficulties — the attacks of 
vermin, which are frequently found upon the 
liead of the young, and diarrhoea, which is 
c»ften caused by dirty water, irregular feeding, 
(H* improper food. At the end of fourteen days 
the birds may have their liberty, unless it is 
possible for the hen to lead her brood into the 
>vot grass, which is often fatal to one or more 
of her young ; but in no case should close and 
continuous cooping be resorted to. 

As regards food, that supplied may consist 
of chopped egg and breadcrumbs, followed by 
dry curd produced from new milk ; bread sopped 
in milk, followed by rice, wheat, or groats, boiled 
or soaked in milk until quite soft ; oatmeal ; 
and an occasional sprinkling of hard grain, 
Mhich, however, had better not be given until 
three or four weeks after hatching. Green food 
may consist of chopped lettuce, cut grass, and 
daiidelion leaves, which were strongly recom- 
mended by the late Lewis Wright, a high 
authority on the subject. The birds should be 
fed often, but the food supplied should be little 
at a time. As the birds increase in size, they 
may receive larger quantities of meal mixed 
^^ith skim milk, especially ground oats and 
toppings, cracked maize, wheat, finely smashed 
fresh bone, which is better than bone meal, with 
milk to drink, while they should be encouraged 
at the earliest opportunity to roost in thc^oipen. 

When young turkeys are ready for finishing 
off for the market their liberty shbuld be re- 
Htrained, and they should be fed more freely ; 
the meal provided for their rations should be 
mixed with milk, and if deemed necessary 
with small quantities of fat once daily. Under 
normal conditions the birds w4U not need 
cither cooping or cramming ; but it will not bo 
found to answer to feed them on a fattening ration 
nnd at the same time to give them a free range. 

Some Useful Geeie. The varieties of geese 
known in this country are the White Embden, the 
( b ey Toulouse, the Chadian, and the Sebastopol, 
with its curled or frizzled feathers. The two 
former breeds, however, being alone useful are 
those with which we have to deal. The Embden 
goose [86], which is a more rapid grower than the 
Toulouse [86], while its feathers are more valuable, 
is orange -coloured in the bill, legs, and feet, 
while the plumage is white throughout. It 
reaches great weights, the gander having ex- 
ceeded ^ lb., while the geese have reached 
i'rom 22 lb. to 24 lb. The Toulouse goose, also 
provided with an orange bill, legs, and feet, 
is chiefly' grey in plumage, the wings and beak 
lH^ing edg^ on each feather with a much lighter 
shade approaching white. The neck, wings, and 
breast are grey, the tail being white banded 
with grey. While the weights of ganders 
exhibited at some of our great shows have 
reached from 35 lb. to 38 lb., pairs of Tou|gutie 
have reached over 60 lb., but birds of thl^iae 
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are too fat for all practical purposes, and the 
many we have seen in the past wei’e really 
kept for prize -taking. 

Geese live to a great age, but their economical 
properties do not often extend beyond ten years. 
The number of geese kept in this country is 
not very large, while it diminishes with the 
enclosure of commons and waste places upon 
which labourers and other country people in 
humble positions have bred geese for a long 
period. With a wide range, they practically find 
their own livelihood, after the first two or three 
weeks from hatching, inasmuch as they are close 
grazers, for which reason it is not advisable to 
turn them into a pasture with large farm stock, 
for a number of geese quickly eat down the 
herbage close, and at the same time soil it. 

Feeding Goslings. The goose sits at the 
outside thirty days, although the goslings often 
hatch a day or so earlier. Hens are often used 
for hatching, but they need not be retained with 
the young goslings after the expiration of a 
fortnight, when the youngsters can take care of 
themselves. Goosef eggs also hatch well in an 
incubator, and the goslings may be reared in 
appropriate brooders with greater case than 
chickens. In the ordinary way the goose or hen 
and young should be cooped for ten days on a 
dry spot well sheltered from the sun, after which 
the birds may have their liberty. The food first 
supplied to goslings is similar to that supplied 
to chickens and ducklings-^hopped eggs and 
breadcrumbs, followed by oatmeal, barley meal, 
toppings mixed with milk, and occasionafly with 
boiled potatoes, soaked grain, and chopped or 
boiled greens. A few weeks after hatching, hand 
feeding may be gradually diminished, for as the 
birds ^gin to take advantage of their liberty, 
they graze with freedom, and soon find all the 
food they require, if obtainable. If they are to 
lie fattened, they may be turned upon the 
stubble whm com harvest has been completed, 
or hand fed with maize, oat, or barley meal with 
some liberality. They require a roomy, well- 
ventilated house, the fioor of which should be 
liedded with straw. Water is not essential to the 
maintenance of geese, but it is useful ; although, 
when fattening their daily swim should be stopp^. 

In breeding, three geese may be mated with a 
gander in the month of January or early 
February. They should bo in store condition — 
f.e., not fat — and goslings of the previous year 
should not form part of a breeding fiock. The 
eggs laid vary from fifteen to twenty-five, and arc 
frequently laid in two batches, so that many 
persons refrain from allowing a goose to sit until 
she has laid her second bat^. 

The demand for geese among the best class of 
consumers is comparatively small, but large 
numbers of Irish bred geese find their way to this 
country, and are sold from Michaelmas to Christ- 
mas at somewhat low prices — priCM, indeed, which 
would not pay the ordinary English producer. 

The Beet DucKb. There are several breeds 
of duck known in Great Britain, although the 
varieties kept for producing food are prac- 
tically confined to the Aylesoury, the Eouen, 
the Pekin, and the Indian Kunner. The Ayleahury 
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duck f85] i^scsses purely white plumage, a flesh- 
coloured bill, and orange legs and feet. It is an 
f3Conomical bird of great value, laying a largo 
number of pearly- white or green eggs, and pro- 
ducing meat of the finest quality. 

The /foil en duck [84] closely resembles the mal- 
lard in plumage. The bill of the drake is a yellowish 
green, with a black mark resembling a bean at the 
tip, while that of the duck, which possesses the 
same mark, is also marked with black on the 
centre on an orange ground. Briefly, the Rouen 
drake has a metallic -green head, a white ring 
round the neck, a claret -coloured breast, French 
grey flanks, which are delicately pencilled, and 
metallic purple wing bars, merging into black at 
each end, and then fringed with white. The tail is 
brownish black, some of the feathers curved, as 
in all males of British varieties, the Muscovy 
excepted, The legs and feet are of a reddislLcolour. 

Importations from Other Climes. 
The Pekin duck, which was introduced into 
this country about thirty years ago, has orange 
legs, feet, and bill, while the plumage is a canary- 
tinted white. The Pekin has a large head and a 
short bill, while the body, which has considerable 
breadth, is carried very upright. The duck lays a 
large number of fine eggs, an average of 150 per 
annum having been reached. The Cayuga duck is 
of American origin, but has been improved in 
size and colour by crossing in this country. It 
is almost as large as the Aylesbury ; the plumage 
is a rich, metallic, lustrous black, while the beak 
is of a black slate colour at the sides and dense 
black in the centre. The Musroiry duck, which 
has little to recommend it, is remarkable on 
account of the difference Ijetween the size of the 
male and the female, the former scaling from 
10 lb. to 12 lb., and the latter 5 lb. to 6 lb. The 
duck i.s a bad layer, and the breed cannot be 
recommended for the table. The Indian Runner 
duck [87], which, like the Pekin, is very upright 
in enn’iage, and wciglis from 4 lb. to 5 lb. at 
the outside, ia a hardy bird, a great forager, and 
a most excellent layer, producing from 100 to 
120 white eggs per annum, and finding most of 
its food. In colour it is fawn or grey and white, 
the marking being very exact, while the bill 
of the adult bird is green, with a block bean 
mark, and the legs and feet yellow. Among fancy 
ducks most gonorall v recognised at the exhibitions 
are the black East Indian, the Mandarin and the 
Carolina, For economical purposes, the best duck 
is, perhaps, that produced by a cross between the 
Aylesbury drake and the Pekin duck, the latter 
having a larger frame, and producing larger eggs. 

Breeding Ducks for the Table. 
Duck breeding for the table is now conducted 
on a considerable scale, many persons producing 
several thousands in a year. The best markets 
extend from Febniary to May, and those wbo 
pihvide for them in large part make a practice 
of purchasing eggs from Noveml)er forwards, 

, or hiring or purchasing pens for hatching, or of 
employing incubators. For breeding stock 
water is essential, many eggs being otherwise 
unfertile, but young birds intended for fattening 
are not allowed to swim. Breeding birds, whic^ 
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should not be fat, thrive best when at liberty, 
especially where there are ponds and ditches in 
which they can find plenty of animal food. 

Housing and Rearing Ducklings. 
Ducks should be kept in their house until after 
laying, otherwise they are apt to lay away, or 
oven in the water. The house should be dry, 
abundantly ventilated, and bedded with straw. 
It is usual to mate from four to five ducks with 
a drake, but birds of the previous year are better 
avoided, mature stock moducing the strongest 
and largest ducklings. When the young birds are 
hatched, the first food may consist of chopped 
egg and breadcrumbs, followed by boiled rice, 
chopped meat, dry curd, and chopped lettuce ; 
and in a few dayf^ these foods may be varied by a 
ration of oats given in a small vessel of water 
which the birds cannot enter. In three or four 
weeks the meat ration is increased, and as the 
ducklings are intended for marketing at from 
eight to ten weeks — at any cost before moulting 
begins — they are liberally supplied with meal, 
mixed with milk and fat, with some finely-cut 
bone or butchers’ offal. Many feeders use as fat 
the greaves prodiicod by the tallow chandler. 
At nine weeks the birds should reach 4 lb., and as 
a guinea a couple is sometimes realised in the 
best season, although the average jM*ice through- 
out the year may be nearer 4s. per bird, it 
follows that rapid feeding — ^which means liberal 
feeding — is the most economical. Although 
ducks sometimes reach, and in the case of the 
Pekin exceed, 10 lb. in weight, they are of little 
use for breeding, stock ducks varying from 6 lb. 
to 7 lb. at the outside. Where ducklings are 
bred and fed on a large scale for market, they are 
kept in companies of 50 to 100. Duc^ are 
hardier than chickens, and few are lost under 
normal conditions, but carelessness, dirt, ex- 
posure, and bad food may cause dianboca. 

The Guinea Fowl. The common guinea 
fowl kept in this country for egg and meat 
production has a knob or helmet on the head, 
and red wattles or gills, the plumage being a 
purplish blue grey, with white spots evenly 
distributed throughout. It is fine in the bone, 
weighs about 3 J lb-, and produces small eggs of 
extremely rich flavour and delicate meat of fine 
quality. The young chickens are not very hardy, 
and they require frequent feeding on egg, bread- 
crumbs, cnished grain, and finely chopped meat, 
which they especially need. They should be 
kept in a confined run in the air until they are 
large enough to be liberated. As they grow 
they will forage like adult birds, and soon find 
all their own food, although they will respond 
to the call and feed with hens. They are apt 
to lay in hidden nests, from which cause many 
eggs are lost, but by careful training when young 
they may be induced to lay in house nests. 
It is a good plan to allow them to roost in trees, 
especially old firs or yews, near the poultry 
yard, as they are most excellent watch dogs, 
screaming in their peculiar way when disturl^ 
at night. The hen lays from 80 to 70 eggs, 
while the young hatch in from 28 to 28 days, 
hens being usually employed for incubation. 
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VJT/E now turn to thoAe European lands which 
^ are still in an early stage of industrial 
development and international trade on a large 
scale. Russia is by far the largest of these, and con- 
sequently possesses far the greatest potentialities. 
It is the greatest continuous land empire in the 
world, with an area of 8,000,000 square miles, 
containing a i>opulation of over 140,000,000 peoyile 
(see (tEOGraphy, pages 2406-9 and 2716-19]. In 
jiosition and products it may bo compared with 
(^anada, but it is two and a half times as large, 
and its population is twenty times as great. It 
differs from its Canadian prototjqic in its western 
OP Euroiiean portion, and in Transcaucasia, Trans- 
caspin, and Tiiran it exhibits a type markedly unlike 
anything in Canada. 

The Four Zones of Russia. The four 
characteristic zones of tundra, forest or taiga, 
steppe, and desert have already been described. 
Except on its arctic and forest margins, both of 
which produce furs, the vast barren region of tundra 
is as yet economically valueless. Gold, however, 
is abundant in the north-eastern portion of Arctic 
Russian Asia, and, as in the corresponding Yukon 
region of Canada, will probably lead to a eon- 
siderable development of mining enterprise. 

The taiga, or forest zone, is already exploited to 
some extent for timber, wood-pulp, and other forest 
produce. In the main, however, it is a vast un- 
developed asset. Wood is used for domestic 
lujrposes, as fuel for locomotives, and to feed the 
smelting furnaces of the Ural mining district. 

The Mineral Wealth of the Forest 
Zone. The mineral wealth of this zone is con- 
siderable. It is greatest in the province of Perm, 
where it has long been exploited. Gold (in the Tura 
and Tagil valleys), platinum (now the most valuable 
industrial metal in the world), lead, copper, and tin 
are the chief metals, and Perni, Yekaterinburg (iron 
mines), Nizhni Tagilskyi (copper and platinum) 
are the most important mining centres. Magnetic 
iron ore is found in Finland, where cranite quarries 
and tlie deposits of kaolin clay are beginning to be 
utilised by one of the most intelligent populations in 
Europe. Ot^er mineral centres in the forest zone, 
which extends right across European Russia and 
far across Asiatic Russia, are the Altai Highlands 
(gold and silver), and the eastern mountains of 
Transbaikalia and Amuria (gold and tin). The 
Siberian graphite mines at Alibert are the most 
important in the world. Coal is now mined in the 
Southern Shenka district, between Tomsk and 
Maryinsk, in the Kirghiz stepixj (where copper is 
also found), near Irkutsk, in the Southern Usm*i 
region, and in Sakhalin. 

In European Russia agriculture is possible, and 
lias long been carried on in the numerous foreit clear- 
ings. Rye and hemp are the chief oro^ cultivated, 
esiiecially in the west in the Baltic provinces, wh?noe 
most of the hemp supply of Euro]^ is obtained. 

Industries in this region, outside the metal 
smelting already mentioz^, are developing around 
the coalfields of Poland, where Warsaw and Lodz 
are great cotton centres [see page 2408], and in the 


Moscow district, the latter using coal from the Oka 
coalfield round Tula. Moscow, Tver, Yaroslav, 
and Ivanovo (the latter known as the Russian 
Manchester) manufactnro the raw cotton brought 
from the irrigated oases of Russian Central Asia. 
To a smaller extent, manufactures are also im- 
jK>rtant at St. Petersburg and Narva. 

A Stock-raisiii^ and Wheat-growing 
Red on. The atepfe, in its primitive economic 
condition, is a stock-raising region. The climate 
of the whole region is dry, but in the western 
part, which has the least scanty rainfall, the fertile 
black soil, ehernozoim, is very fertile when cropped. 
Wheat is largelv grown for export, while the cheaper 
rye' supplies the food of the farming population. 
This may be compared with the similar conditions 
in India, where millet is the native food, and wheat 
is grown only for the European market. In both 
cases this recent development has been made 
possible by modem facilities of transport, the great 
magician of the modern world. 

The wheat of this zone is a very important item 
in the world’s supply. It is carried to the ports of 
the Black Sea (Ochakof, Odessa, Kherson, Taganrog, 
Rostof, and others) for export. For reasons ex- 
plained in the case of Canada, milling is growing in 
importance at such centres as Odessa, where 
macaroni is mnnufacturetl. 

The coal, iron, and manufacturing industries, 
though only of recent origin, are becoming firmly 
established in the stepjie zone. Coal is minra in the 
lionets basin, and supplies the linen, tobacco, soap, 
and sugar manufactures of Kharkof. It is also used 
to smelt the red haematite and specular iron ores of 
Krovoi Rog, some hundred miles north of Kherson. 
Kief, on the margin between forest and steppe, 
inanufacturcs linen and sugar from locally grown 
fiox and beet. 

Ill the irrJgated lands of the dceert zone enormous 
attention is being paid to the cultivation of cotton, 
which is sent to the cotton mills of Moscow and 
other textile centres of the Oka coalfield (see above]. 
The oil industry has been described on page 2718. 

The Value of the Great Siberian Rail- 
way* Internal communications are improving year 
by year. The construction of the great trans- 
continental line of the Siberian Railway may bo 
compared with the construction of the Canadian 
Pacific line. The first great step of providing 
through communication between the extreme 
east and west of a vast dominion having been 
achieved, Russia, like Canada, is now pushing 
on the work of spreading a network of branch lines 
into the unbroken lands on either side, and is 
linking up the Siberian line with the Central 
Asian lines. The examples of the United States 
and Canada leave no reason to doubt that this 
will be followed by a rapid extension of settlement — 
in this case, eastwards — and by the rapid utilisation 
of what is still, for the most part, an undeveloped 
asset, though of enormous potential riehness. 

Russian Eatpbrts* The Rugslon exports are 
even more difficult to analyse than those of the 
United States. Russia carries on a Baltic, a Black 
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Sea, a small Caspian, and a considerable Pacific 
trade. It has also a large overland trade, especially 
with the Central European Powers, and with its 
neighbours in Asia. Statistics distinguish between 
trade which crosses the European frontier, including 
the Caucasus, trade with Finland, and trade which 
goes across the Asiatic frontier. The figures are 
given in millions of roubles ; 1,000,Q00 roubles is 
worth rather more than £105,000. 


Trfwle acroM European 
frontier and Hlaok Sea 
IruTitier of Cauciuiu* 


Trade with 
Plnloud 


Trade aorou 
Aetatlo 
frontier 


1902 787*2 860*2 

1905 954*4 1047*0 


through the Baltic ports, and receiving large quan- 
tities of cereals through the Black Sea ports. 

The following table indicates the value of Russia’s 
trade with some of her most important customers. 



TmporU from 

Exports to 


Country 

MtlUoiift of 

MtlUntiH of 

MilUoiisof 



ituibltrn 

rouble* 

Germany 

225 0 

234-0 

459-0 

United Eingdom 

10ii*6 

230*8 

333*3 

Metherlanda 

11-2 

09*0 

110*2 

France .. 

26*0 

61*9 

87*9 

Finland 

24*6 

46*3 

70*8 

United States 

62*5 

4*8 

6C*8 

Austria-Hungary 

21*4 

40*4 

61*8 

topt .. 

Cmna . . 

15*8 

4*3 

20*1 

19*0 

2*4 

21*4 


! Excluding trade across the Asiatic frontiers, the 
following are the ex})ort8 for 1904, the last year for 
which complete figures are available. 

Claii»ofe5<i>ort of wnblw ’ P***^”^® 

Articles of food . . ! 614*9 

Raw and partly manufac- 
tured goods . . 300*8 I 81 *6 

Animals .. .. 16*1 1*7 

Manufactured goods 23*2 ; 2*4 

Total 

These figures may be compared with those for 
Canada, with which they present a general simi- 
larity, though animals and manufactured goods bulk 
larger in Canadian than in Russian exports. Of 
the articles of food exported from Russia, wheat is 
much the most considerable item. The principal 
raw and half-manufactured goods are timber and 
wooden goods from the forest zone ; naphtha from 
the oil districts ; and flax from the agricultural zone. 
Raw cotton, to the value of 18*6 million roubles, and 
sugar, to the value of over 11*5 million roubles, are 
the chief exports across the Asiatic frontier. 

Imports* Taking the same classification of 
commodities as for the exports, the following were 
the imports into Russia in the same year, 1904. 


CliuM of tiii]>ort 

Value 111 uiilUoim 
of ronblen 

PerceiiUife 

Articles ot food.. . 

Haw and partly manufac- 

92*5 

16-9 

tured goods . . 

332-8 

57-0 

Animals 

1-6 

0*2 

Manufactured goods 

156-7 

26-9 

Total 

683-5 

100-0 


In the first group, tea is first in value, followed by 
wine and s]>iritH among the foods. Raw cotton is by 
far the most important import, accounting for more 
than one-sixth of the total value of the. imports. 
Raw metals, coal, wool, and gums and resins are the 
next in order of value among the raw and partly 
manufactured goods. Machinery, metal goods, and 
textiles are the principal manufactured articles 
imported. Compare, again, with Canada. 

Across the Asiatic frontier the imports are tea 
from China, but in diminishing quantities ; rice from 
Persia, and raw cotton from Russian Central Asia, 
the latter in increasing quantities. 

Countrias with which Russia Trades* 

As might be expected, the German Empire is 
Russia^ best customer, the trade passing both over- 
land and by the Baltic. The United Kingdom is 
second, sending in coals and manufactured goods in 
exchange for timber, hemp, flax, and some cereals, 
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Notice the distribution between im^mrts and 
exports in the case of the United States, Egypt, and 
China. The explanation in the case of the two 
first is cotton, in the last tea. 

The Scandinavian Lands. Sweden and 
Denmark broadly resemble the other Baltic lands. 
Western Russia and Northern Germany. Tlity 
consist of morainic lake-lands, interspersed with [>eiit 
bogs. Forests are numerous, and timber, joinery, 
wood-pulp, and resins are among the exports. 
Agriculture is carried on in the clearings of Southerii 
Sweden, and dairy fanning (butter, cheese, eggs, 
bacon) is a staple industry of Denmark. Sweden 
possesses rich deposits of iron ore at Dannomora 
and Gellivara [see page 1562]. 

Sweden* Nearly half the population (45 jKJr 
cent.) of Sweden live by farming, a quarter by 
manufactures, trade, and transtmrt, and six (lercent. 
bv mining. The manufacturing classes are engaged 
cniefly in iron, steel, and engineering works, textile 
factories, sugar mills, and sugar refineries, breweries, 
flour mills, and tobacco factories. The trade of 
Sweden is summarised by the tables for 11K)3, given 
below, in thousands of kronor : 18 kronor oqu il8£l. 


1 

Value 111 


Value In 

1 

tb UMuidji 

Import* 

thoumiide 

1 

of kronor 


of kronor 

Timber . . 

228,331 

Minerals, mainly 


Live animals and 


coal . . 


animal foods. 

49,607 

Metal goods and 


Metals . . 

40,393 

machinery . . 

63,484 

Metal goods and 


Wheat and flour 

60,938 

macliinery 

32,461 

Textiles 

91,318 

Minerals 

31,825 

Colonial produce 

85,670 

Paper . . 

18,381 

Live animals and 


1 


animal foods. . 

26,971 


The overwhelming importance of timber in these 
returns is obvious. Next come animals and animal 
foods, and minerals and mineral products. 

Most of the Swedish exports go to Britain, 
especially those of timber, butter, wood-pulp, and 
iron. Most of the imports come from Germany, 
but the total trade with the United Kingdom is 
greater than that with Germany, Denmark, Norway, 
Russia, the Netherlands, and Belgium, all put 
together. In 1903 the total value of the exports 
was 441,417,000 kronor, and the total value of the 
imports 534,902,0(K) kronor. 

Trade of Denmarll* The trade of Den- 
mark well illustrates the uniformity of the country 
and the remarkable economic development of recent 
years. In 1904 the exports of the home produce 
were worth 358,629,000 ^oner (18 kroner equals £1), 
and of this, eggs accounted for 278,927,000 kroner, 
and animals for 37,455,000 kroner. 

The position of (k>penhagen on the Sound, at the 
point of vantage between the North and Baltic Seas, 
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inakefl Denmark a relatively important tniding 
country. In 1904 it« total value exi>ort trade was 
worth 497,836,000 kroner, of which home products 
formed only about 72 per cent. Over 56 i>er cent, of 
this trade went to the United Kingdom, 21 net cent. 
to Oermany, and 10 per cent, to Sweden and Norway. 

The import trade of Denmark is largely in cereals 
(14 T)er cent.), textiles (11 ’5 per cent.), metals and 
hardware (9 per cent.), colonial produce (7'5 j^er 
cent.), and coal (6*6 per cent.), the latter not being 
l)roduced in the country. The total value of the 
import trade in 1904 was 292,147,000 kroner. A 
remarkable feature of the trade returns is the 
import of provisions and eggs, which accounts for 
1 2 ’5 i)er cent, of the total import trade. These are 
collected from the other Baltic lands, to be shii)jied 
to Britain and other countries through Cb|>enhagcn. 

Over one- third of the imports (35 jier cent.) 
come from Oermany, and only 15 j>er cent, from 
Britain, Bussia and the United States each con- 
tribute 12*5 })Cr cent, of the total imports, and 
Norway and Sweden together, rather more than 
10 jier cent. Its Hourisbing provision trade, the 
sta})le of its prosperity, is the result partl^^ of the 
climatic conditions, and partly of the excellent 
technical education given to its jieople. I ts entrepot 
trade is sufficiently explained by its position. 

Norway. Norway, the rugged land which 
occupies the western highlands of the Scandinavian 
peninsula, differs completely from Sweden and 
Denmark in oonffguration and climate. Its economic 
conditions ore correspondingly different. Three- 
(piarters of the surface of the country is unpro- 
ductive, and of the remaining quarter, 22 |>er cent, 
is forested, leaving only 3 per cent, fit for cultiva- 
tion. Under these conditions, maritime occupations 
(fishing, shipbuilding, the carrying trade, etc.) 
naturally rank among the principal industries of the 
country. Thirty per cent, of the population are 
engaged in agriculture, but to a very large extent 
these supplement their resources by fishing. 

The figures for the export trade of Norway show 
how much the prosperity of the country dejiends on 
the fisheries and the forests. The figures for 1904 are 
given Iwlow. The kroner has the same value as alcove. 

Exports 


Timber and wooden goods 
Animal produce (malty food) 
Paper and paper manufactures 
Hair and skins 
Tallow, oils, tar, etc. 

Vessels, carriages, machinery 


6i,rt97,oeo 

5<t,29.S,000 

10,611,000 

«,Sltt,000 

6.746.000 

6.703.000 


The import trade of Norway naturally consists 
largely of breadstuffs, since the country cannot raise 
its owm, and groceries. Metals and machinery also 
form a considerable item. The figures for 1904 are ; 


Breadstuffs 

Minerals 

Vessels, carriages, and machlnei'y 
Textiles 

Metals (manufactured) 

Tallow, oils, tar, etc. 


62.242.000 

37.960.000 

30.668.000 

23.108.000 

20.889.000 
18,2i9,0(H) 


Norwegian trade with Britain is far greater than 
that with any other country, though Germany sends 
more goods to it than we do. Norway sends to 
Britain wood and wood-pulp, fish, stones, ice, and 
in I’eturn receives ooal, cottons and woollens, 
machinery and ironwork. Fish is largely exported 
to Sjiain, Italy, ahd* other Catholic countries. The 


mercantile marine has a total tonnage of nearly 1 J 
million. Compare the German Enipire (2| million 
tons), and the United States (3‘J million tons on 
the ocean). 

Rumania. Rumania [see Geography, page 
2165] resembles Southern Russia. Its ^eat 
stepfie lands rise to the forested slopes of the 
Karpathians and Transylvanian Alps, so that 
agricultural and forest products form the staple of 
its natural resources ; 60 per cent, of the population 
are engaged in agriculture. 

The following teble shows the nature of the trade 
in 1904, in thousands of lei ; 1,000 lei equals £40. 


Exports 


ll*bon«uid8 
{ oflel 


Tiiiport* 


Thoiiwuids 
of lei 


<iereals 

Wood 

Animal products 
l^uits and Odonial 
pnaiuce . . 
Mineral fuel 


195,943 Textiles 
23,512 MftUls and Mami-’ 
11,581 factures .. 

Chemicals and drugs 
6,008 Fruita and Colonial 
6,212 produce . . 

Hides and leather. . 


118,205 

82,946 

16,779 

14,787 

10,074 


Oreals, forest produce, animal products, and oils 
from the petroleum wells are among the chief 
ex|K)rt8 through the Danube ports, the most impor- 
tant of which are Galats and Ibraila. The exports 
go to Belgium, Austria-Hungary, the United King- 
dom (wheat, barley, inaise, {letroleum, and timber), 
Turkey, and Bulgaria. The imports are obtained 
from Austria-Hungary, the German Empire, the 
United Kingdom (cottons, cotton yam, iron, 
machinery, coal and woollens), France, Italy, 
Turkey, and Bulgaria. The total value of the 
ex|X)rts in 1904 was 261,872,000 lei, and of the 
imports, 311,372,000 lei. 

BulHarla. Bulgaria somewhat resembles 
Rumania in the north, but it is narrower and less fer- 
tile. The chief agricultural area is in the Maritsa and 
Tiinja valleys [see page 2107]. Cereals are exported 
to the United Kin^om, Belgium. Turkey, the Ger- 
man Empire, Austria, and France, and account for 
four-fifths of the total exx)orts. The others are live- 
stock and their products, silk cocoons, and attar 
of roses. Textiles form one-third of the imports, 
and metals, machinery, and implements one-sixth. 
The imports come chiefly from Austria-Hungary 
(nearly 30 per cent.), Germany (15 per cent.), the 
United Kingdom (14 per cent.), and Prance (8 per 
cent.). The imports from Britain are cottons, 
cotton yarn, machinery, and metals. In 1904 the 
total value of the exports was 157,619,000 leva 
(1,000 leva equals £40), and of the imports, 
129,690,000 leva. 

Servla. Servia is more rugged and forested 
than Bulgaria, and has a mu^ smaller trade. 
Animals and animal products formed nearly half the 
exports in 1904, and agricultural products nearly 
two-fifths. Nine- tenths of the export trade was 
with Austria-Hungary. Austria-Hungary thus has 
an economic control over Servia, which ia hardly less 
%’aluabl 9 than a political one. It has been said, indeed, 
that Austria’s habitual method of curbing Servian 
advances to other Powers is to proclaim the existence 
of swine disease in Servia, and to prohibit the export 
of swine from that country into Austria-Hungary. 
The chief imports are cotton and woollen goods 
(27 per cent.), metals and machinery (21*5 per cent.), 
colonial produce, food, and drinks (8*5 per cent.). 
Of these, 00 per cent, comes from Austria-Hungary, 
13 per cent, from Germany, and only 8 per cent, 
from the United Kingdom. The total value of tn6 
exports in 1904 was 62,156,000 dinars, and of the 
imports, 60,926,000 dinars (1,000 dinars equals £40). 
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The Kin^om of Hungary. From an 
economic, as well as from a political point of view, 
Austria-Hungary must be regarded as consisting of 
two groups of Powers. Hungary resembles Rumania 
in many respects, but has a greater mineral and 
industrial development, in addition to more exten- 
sive territories. The fertile plains or pastures of 
Hungary are no longer exclusively 'pastoral, but 
rich agricultural lands ; 41 per cent, is arable, 
and 33 per cent, meadows and pasture land. The 
slofios of the Karpathians and other mountains 
are densely forested, so that 28 per cent, of the 
country is covered with trees. The rocks are rich 
in minerals, especially in the Bihar region, and in 
the North Hungarian Ore mountains, where gold, 
silver, copper, lead, coal, antimony, mercury, and 
other minerals abound, but ore not exploited as 
they might be. The mineral riches of Hungary 
will undoubtedly be a greater source of wealth 
in the near future. 

The chief wealth of Hungary is agricultural. On 
the hat steppe lands rich crops of wheat and maize 
are grown. The wheat is of extremely fine quality. 
Mucm of it is ground by the most modern processes, 
the different qualities being sorted out beforehand. 
Hungarian hour is the best on the market, and is 
bettor than hour ground in our own country by the 
same processes from Hungarian wheat. This is 
probably due to different dimatic conditions, and 
to the effect of the voyage on the wheat. Buda- 
pest, Temesvar, and Poszony (Pressburg) are the 
chief milling centres, and Fiumc the chief outport; 
but some of the wheat is sent down the Danube. 
Oats, barley, and rye are a’so grown. 

Among other agricultural products are potatoes, 
beetroot, pulses, tobacco, hops, and even a little 
rice is grown m the Banat. Horses, cattle, pigs, 
and sheep are numerous. Hungary is noted for its 
vineyards, and its silk culture supports over 
1 12.000 families. 

Hungarian Manufactures. Manufac- 
tures are rapidly developing in Hungary. As ia 
Canada, ana other lands, where agriculture is 
expanding, much of the industry is connected with 
the elaboration of food, agricultural implements, 
and transportation plant. Thus, Budapest and 
Poszony (Pressburg) mill hour, and also make jute 
sacks for holding it, and the necessary machinery 
and rolling stock. Agram, in Croatia, is noted for 
its tobacco factories. The following figures show 
the relative importance of the different manufac- 
turoH, which occupy 12*8 per cent, of the working 
population — in clothing, 25 f>or cent. ; in foodstuffs, 
14 per cent. ; in iron and other metals, 1 1 })er cent. ; 
in building, 11 per cent. ; in wood and bone, 8^ 
per cent. 

In 1904, the following was the value of the exports 
and imports in thousands of crowns (£40), each crown 
or kroner l>cing equal to OJd. 


Exports 


'rhousand* 
of crowiiB 


of crowit« 


Flour . . 109,458 Cotton . . . . , 167,500 

Wheat 74,138 Woollend: semi-woollen 101,103 

Other cereals 124,107 Wheat 21,332 

Cattle 130,115 Cool 21,011 

52,2,33 Silk 20,010 

^ , etc. 31,429 Piffs 20,064 

Wine. 28,120 Cotton yarn 20,621 

i<eather 19,764 

This shows the predominantly agricultural nature 
of IJjungary’s present prosperity. As might be ex- 
pected, the imports are largely manufactured goods. 

Continued 


The Auetriaa Empire. The Austrian 
Empire [see page 2162') is more diverse economically 
than the Kingdom of Hungary. It has to be divided 
into (1) Galician Bukovina, Bohemia, Silesia, and 
Moravia ; (2) Austria proper ; (3) Alpine provinces, 
Bosnia and Herzegovina ; (4) Coastal Provinces. 

Half the population depends on agriculture and 
forestry, and about one- quarter on various indus- 
tries — manufacturing, metallurgic, etc., while nearly 
8 per cent, are supported by trade and transport, 
and over 2 Tier cent, by mining ; 38 per cent, of the 
land is arable, 35 per cent, is woodland, and 25 per 
cent, is pasture and meadow land. 

Wheat, barley, rye, and oats are all exten- 
sively cultivated. Potetoes are a most important 
crop ; vines, maize, pulses, beet (in Bohemia), and 
vines are next in importance. Considerable areas, 
especially in Bohemia, are covered with flax, hemp, 
and hops. Livestock is abundant. In valleys 
opening to the Adriatic silkworms are roared. 

The mineral wealth is mainly coal in Silesia ; coal, 
lead, zinc, silver, alum, and graphite in Bohemia ; 
iron, zinc, and lead in Alpine states ; iron, petroleum, 
and salt are found in the Karpathian foreland; 
cornier is obtained in Salzburg, and mercury 
at Idria. 

Austrian Manufactures and Trade. 

Manufactures are growing rapidly in importance, 
especially near the coalfields of Bohemia, Moravia, 
and Silesia, where iron manufactures are flourishing. 
Bohemia makes sugar from beetroot, much beer, 
especially at Pilsen, and brandy ; cottons and 
woollens are manufactured at and round Reichen- 
berg in the north, and linen and leather goods. 
Bohemia is also famous for its glass and porcelain. 
Vienna, like Prag and most other capitals, makes 
many articles of luxury, more particularly furniture, 
silk and dresses, and boats for the Danube. Paper 
is made in the forested Alpine provinces and 
Northern Bohemia. 

The trade of Austria with the East consists of 
the exchange of manufactured goods for food and 
raw materials ; but with the West it is rather an 
exchange of raw and half-manufactured goods for 
fitiishoa wares. The down-Danubo trade is with 
Hungary and the Balkans, the up- Danube trade with 
South Germany. From Bohemia, trade passes by 
the Elbe valley to a North Sea outlet. Austria has 
its own port in Trieste, on the Adriatic, with con- 
nections especially with Mediterranean and eastern 
ports. 

Austria«Hungarian Trade. The trade 
of Austria-Hungary is five-sixths by land and one- 
sixth by sea. Naturally, most is with the adjoining 
lands of the German Empire, Italy, Russia, Switzer- 
land. and the not-far-distant France. British trade is 
largely through the Adriatic ports, and ranks second. 

The exports and imports of the Common Customs 
Territory, which includes Austria-Hungary, the 
occupied territories of Bosnia, Herzegovina, and 
also the Principality of Liechtenstoin, are : 


Exports— IflOi 


Thonsauds 
< t crowns 


Imports— 1P04 



161,885 

Cotton (raw) 

216,226 


106, 6«7 

Wool 

129,888 

Oattio 

98,617 

Coal, coke, etc. 

103,947 

Horses 

61,476 

Bilk and man^ 


Lignite 

61,820 

footures 

83,400 

Woollens 

68,340 

Hides and skins 

63,461 

Glass 

56,946 

Machiner>‘ 

52,636 

Malt 

52,910 

Tobacco . . 

62,624 
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By JOHN P. LORD 


all the callings which are practised actually in 
the sight of the innltitude, jx^rhaps none has 
such a fascination for the ordinary individual as that 
of a watch and clock iuaker, and yet it is surprising 
how little the general public really knows of the 
trade, or of the works of their own timepieces. To 
the child the watchmaker is a man who “ makes the 
wheels go round,” or who works in a shop window 
with an eyeglass in his eye, and covers up things 
with broken wineglasses. In later life the mystery 
of the craft is little better understood, and the 
watchmaker becomes a highly»skilled workman to 
whom periodical bills have to be paid. England 
was once the home of this industry, but the free 
importation of countless cheap foreign and American 
clocks and watches has seriously affected the trade, 
though the best and most reliable timepieces are 
still to be sought for in British workshops. 

Without further preamble, let us begin to 
initiate ourselves into the rudiments of this fascinat- 
ing trade, and as the beginner, or his parents, will 
not wish to spend money on experimental training 
until a distinct taste for the work is discovered, we 
shall take as our first subject for examination one of 
those cheap American clocks which can l>e bought 
anywhere for about half-a-crown. 

Our Fimt Step** Having purchased your 
cheap clock, or got hold of an old one, you will 
have to provide yourself with tools, and at this 
stage very few will be required. A small screwdriver, 
or, what is probably better, a large bradawl to act 
as such, is the first requisite. A pair of flat-nosed 
pliers, a pair of tweezers, with fine points and with 
absolutely plain inner surfaces, such as artificial 
fiower makers, printers, or clockmakers use, and a 
pocket-knife complete the preliminary outfit. The 
whole set need not cost more than 3s., and if the 
trade is not followed up, the instruments are always 
useful. 

First place your tools beside you on your right 
hand, and before you lay a large sheet of white 
paper. Take the clock in your left hand, and remove 
the winding handle by turning it the contrary way to 
the winding direction. In most American clocks 
this is from left to right. Then pull off the setting 
thumbscrew, which is only forced on to the spindle. 
If the clock has an alarum, the winding handle for 
that must be removed in the same manner, save 
that it generally unscrews in the opposite direction 
to the other winder, and the knoo for setting the 
alarum must be pulled off. If the setters will not 
budge, a little prizing with the screwdriver or the 
pocket-knife will generally start them. Unscrew 
the legs and the knob, or knob and l>ell, at the top. 
If there are any tiny screws round the edp close up 
to tile back, these must bo removed, but if there are 
only three little dents or bulges, all is ready for 
taking off the back. This must be levered up with 
the screwdriver, when the entire movement will be 
visible. Examine the inside of the case, and see if 
any pin or screw is holding in the works and the 
dial, and, if so, remove it, then pull out the clock 
from the case, when it will come quite clear, 
bringing the dial with it. Next examine the back 


of the dial, and probably you will find that it is held 
on by two small pins. These should be taken out, 
first making them straight, and then the hands must 
be taken on. This is not a difficult job if you work 
the edge of the knife under the centre on one side, 
and the screwdriver on the opposite side, and then 
carefully prize the minute hand off. The hour hand 
works round on the same spindle, but is mounted 
on a little brass tube. The operation rejwated will 
remove this, and if the clock has a seconds hand 
that must be taken off, as well as the alarum indi- 
cator when present. The dial will now drop off, and 
behind it will be found a metal rim. Through the 
oi)enings in this rim you will see the two steel screws 
which hold it in place, and when these are turned 
out the entire movement will be quite clear. 

The Motion WorR. When you hold up the 
clock in front of you now, with the hands replaced 
you will see outside the brass framework several 
toothed wheels. On examination, you will notice 
that the hour hand rides on the shank of the centre 
large wheel, and therefore you know that the large 
cog- wheel must turn once in 12 hours. You 
also know that the pin on which the minute hand 
works, and which turns it must turn once in one 
hour. Trace this pin backwards into the clock, and 
you will see that it forms the spindle of the second 
largest wheel, known in the trade as the cenfft 
wheel. Accordingly the centre wheel mtist turn 
once in one hour. From this we can learn our first 
fundamental fact in clockwork — namely, how to 
gaccelerate or retard motion. 

Remove the hands again, and you will find that 
the large middle w^heel in front of the frame con 
be jnilled off the same spindle on which the minute 
hand was fixed, for it slides round it quite freely, and 
beneath it you will see a little star-shaped wheel 
with 12 teeth. This is not really a wheel, but is 
cut out of a piece of solid brass. Little wheels of 
this form are known as pinions^ and the one we 
are looking at is called the cannon pinion. It fits 
firmly on the centre spindle, which is called the 
cenfre athw — the spindles of clock and watch wheels 
l>emg known as at^ors — and accordingly turns once 
in one hour, just as does the minute hand. 

This cannon pinion, as you will readily see, turns 
a wheel having 36 teeth round its edge, and 
so it will take three turns of the cannon pinion to 
turn this wheel once, or, in other words, this second 
wheel turns once in three hoiirs. This wheel is Imown 
as the minute whecU in spite of the long time it 
takes to turn. The minute wheel turns freely on a 
pin, and has no arbor, itself, strictly speaking. On 
the top of it you will find, fastened firmly to it and 
turning w’^ith it, a pinion with 10 teeth, but other- 
wise similar to the cannon pinion. This pinion, of 
course, turns once in the same time as the minute 
wheel — namely, in three hours, and its 10 teeth, 
or leaver t as pinion teeth ai*e termed, drive a wheel 
of 40 teeth, as you can prove for yourself by 
replacing the large middle wheel which you have 
removed, when you will find that its teeth engage in 
the leaves of the minute- wheel pinioiL Now, since 
10 divides into 40 four times, the middle wheel 
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will take four times as long to turn once as the 
pinion driving it does. Since the pinion turns once 
in three hours, naturally the centre wheel will turn 
once in three multiplied by four hours, or in 12 
hours, and on again replacing the hands you will 
understand how the arbor of the centre wheel of 

the clock is 

made to turn ^ G 

the hour hand ^3 

as well as the 
minute hand. 

This middle 

wheel is called y ‘ 

the hotir wheel, ^ 

The same 1 ^ 

principle applies *7 C if* 

all through the % 

science and art ^i^o.r\r- 

of clock and q 

watch making. ^ \ 

The speed of a 

wheel 18 reduced ^ ^ 

by having it i 

driven by a ? 

wheel with fewer i 

teeth, and the < 

converse also ap- 

plies — namely, 

a wheel with ~ 

many teeth will train of common American 
drive one with CLOCK 

fewer faster than A. Great wheel aud api lng B. Centre 
wheel (\ Third wheel D. Fourth 
Itself. Ine rates wheel E. Escape wheel F. Balance 
in proportion 0. Palleta and lever 

can be obtained 

W dividing one set of teeth or leaves into another, 
lor instance, if we have a wheel turning once 
in one minute and we want to turn once in 
10 minutes : if we put a pinion of six leaves on 
this one-minute wheel and make it drive a large 
wheel with 60 teeth round its edge flj, the second 
wheel will turn once in 10 minutes because 60 ja 
10 times six. Again, if we want a wheel turning 
once in seven miuutes to make another turn once 
in one minute we can put 35 teeth round the 
first wheel, and make them drive a pinion with five 
leaves on the arbor of the second wheel, for five 
is the seventh part of 35, and, therefore, the 
pinion will turn seven times for one turn of the 
first wheel. This principle of arranging wheels 
must be thoroughly mastered, for half watch and 
clock, construction depends upon it. 

The Movement* Having the motion work 
outside the frame, we shall next turn to the inside 
of the clock. Turn the clock so that the little balance- 
wheel, which keeps swinging to and fro, is on the 
top, and the motion wheels facing you. Pull off 
the motion wheels to give you a clearer view. 
At the bottom right-hand corner you will see a 
large wheel with a spring attached to it. This is the 
‘flfreflf wheel, and is the motive power of the clock, 
.'for, contrary to the popular opinion, the balance 
‘ wheel does not ** make the clock go,” but acts as 
a brake or drag to prevent the clock from running 
quickly down with accelerating speed. The spring, . 
when wound up, fits tightly against the arbor of the 
great wheel, and its nature is to uncoil, in doing 
which it turns the great centre wheel. 

You will notice that the edge of this great wheel 
drives a pinion on the centre wheel, turning the 
latter once in one hour, so by counting the leaves of 
the ' pinion on the centre wheel arm and dividing 
them into the number of teeth on tiie great whe^ 
you will know how often the great whem turns in a 


day. In the cheap clocks which we are considering . 
the great wheel generally has 48 teeth, and the- 
pinion on the centre wheel has 8 leaves, so the great 
wheel tums once in 6 hours, or four times in a day. 

In those clocks you will notice that the pinions 
inside the clock frame are different from those in 
the motion work, being made of two plates of 
brass joined together by a number of steel pins. 
These pins act as leaves for the pinion, and this 
form is known as a lantern pinion, from its appear- 
ance. It is a very good pattern for pinions which are 
driven by larger wheels, but is unsatisfactory 
when the pinion is used to drive a largo wheel. 
In the trade, wheels which make others turn are 
known as drivers, and those which are driven 
are called followera ; but, as Lord Grimthorpe 
remarked, it seems absurd for the thing that is 
di iven to b© called a follower, since the horse is gener- 
ally in front of the ooachman. 

The centre wheel drives a pinion on the third 
wheel, which will to your extreme left as you 
look at the clock, find the third wheel, in its turn, 
drives the fourth wheel, which is in the centre of 
the frame directly above the arbor of the centre 
wheel. This fourth wheel tums once in a minute, 
and if you examine it carefully, you will see that 
its arbor projects through the frame in front, being 
longer than that of the third wheel. If the clock 
were provided with a second hand, that hand 
would be fastened to this projecting arbor. 

The centre wheel has 48 teeth on its rim, and 
drives the pinion on the third wheel, which has six 
leaves. The third wheel itself has 45 teeth, and 
drives a six-leaved pinion on the arbor of the 
fourth wheel. Applying the rules given above, it 
will be clear that the third wheel turns once in 7i 
minutes. 

Now we come to the most important part of the 
clock — namely, iho escaifement. 

The Kacapement* Examine your clock again, 
and you will notice that the fourth wheel drives a 
pinion attached to a very small wheel with peculiar 
teeth, and that these teeth are controlled by a 
little brass or steel piece of curved mechanism, which 
lets one tooth at a time escape. This wheel is called 
the escape wheel, and is commonly spoken of as 
the 'scape wheel. The brass or steel arrangement 
which permits of the teeth jmssing is called the 
pallets. The name strictly applies only to the actual 
projections of steel or brass which intersect the 
wheel, but the one word will pass. The pallets, 
with a long brass lever attached, are fixed on the 
pallet arbor, between pivots, and the lever is swung 
backwards and forwards by the balance, or, to be 
more correct, the lever end posses and repasses a 

t un on the arbor, or “ staff,” as it is called, of the 
lalance, imparting an impulse to it on each occasion. 
The imjfulse is derived from the pushing action of 
the teeth of the ’scape wheel on the faces of the 
pallets. In the clock we are considering the fourth 
wheel has 48 teeth on its rim, and drives a pinion 
of seven leaves on the ’scape wheel arbor. The ’scape 
wheel itself has 16 teeth, so the actual value of one 
turn of the ’scape wheel is S^sooonds, and one tooth, 
therefore, is equal to seven-twelfths of a second. 
Now, one complete swing of the balance lets one tooth 
escape, giving two ticks, one on the upward and one 
on the downward revolution; each tick, then, is 
equal to seven twenty-fourths of a second. 

The pace, then, at which the balance, or pendulum, 
in lar^r clocks vibrates detennines the number 
of teem and leaves on the ’scape wheel, for if the 
pendulum beats a second at each tick, then the fourth 
wheel' could be used as a ’scape wheel, provided it 




hod only 30 teeth round its edge, or if it had 60 
teeth on the rim it would work with a pendulum 
beating half a second at a tick. 

TaKini^ to Pieces. We shall not deal 
minutely with the balance and its spring hero, 
because it is only a magnified form of those we 
shall meet later on when we speak of watches 
and of larger clock escapements; suffice it to say 
that large and heavy balances swing to and fro more 
slowly than smaller and 1 ghter ones. A suitable 
balance being selected, the strength of the balance 
spring will, within certain limits, determine the time 
of vibration of the balance, and therefore govern the 
speed with which the hands travel round the dial. 
By altering the effective length of the spring the 
timekeef>er is regulated to go faster or slower. 

Our business is to take the clock entirely to pieces 
and to verify the knowledge we have gained. Then 
' wc can clean it and put it together again. In addition 
to our tools, we shall now want a couple of soft 
bnishes, costing about eightpence each — or two old 
toothbrushes will do for the experiment — a lump of 
chalk, or a crust of very dry oread, a number of 
match-sticks, a quantity of tissue paper, and a little 
good oil, preferably clock oil 

On the top of the clock you will find a small screw 
wiUi a flattened head, which, you will sec, serves to 
keep the balance in its place. Note this, and trace 
the balance spring to the point where it enters 
a stud and is pinned in with a small brass pin. With 
the point of your knife scratch the balance spring 
slightly on the far side from the portion that 
works, 80 that you may be-able to replace it in the 
same position later; then withdraw the pin. 

Next loose the flattened screw till the balance 
is just about to leave the sockets in which it works. 
Turn the balance carefully round till the balance 
spring is quite drawn out of the brass stud and 
from the regulator fork, then further loosen the 
screw and remove the entire balance with your 
tweezers, being very careful not to damage the little 
7 )in which plays acainst the forks of the lever. Lay 
this aside out of the dust. 

The Wheel*. Next examine the bearings 
of the pallet arbor, and in most of these cloclu, 
if not in all, you will find that one end is held 
in a small brass cook, which enables one to regu- 
late the exact depth which the pallets should 
intersect the wheel. Scratch a slight mark on 
the plate alongside this, so as to be able to re- 
place it in position, then unscrew the screw, first 
holding the clock so that one of your fingers 
bears on the rim of the third wheel. The instant 
the pallet is clear of the ’scape wheel, the clock will 
begin to run down, and you must check it with your 
finger, being specially careful not to let the pallets 
drop into the elock, or the mechanism will bo 
damaged. 

When the clock has run down you con remove 
the four small nuts which screw on to the ends of 
the pillars separating the frames in this sort of 
clock, or in any other you can prise out the pins 
]>assing through the ends of the same pillars. The 
top plate will now lift off, and if you do this very 
carefully, you will not derange the wheels very much. 
C’arefully note the position of each wheel, and then 
remove them in the following order ; first the ’scape 
wheel, next the third wheel, then the fourth wheel, 
and then the great wheel, getting the lower pivot 
of the latter out of its hole mfore pulling the spring 
off the pillar to which its outer end is fixed. The 
centre wheel you need not remove, though that can 
be done easily by pressing out the pin above the 
star-shaped steel spring, and pulling the wheel 
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and pinion off the arbor, leaving the arbor and 
the cannon pinion attached to the frame. In this 
class of clock you will not be able to remove these. 

Cleaning. Examine the wheels one by one, 
wiping off all oil, brushing the teeth of the 
wheels, and the pivots on which the arbors turn. 
Unhook the mainspring from the great wheel 
by holding the spring in your left hand and 
turning the wheel in the opposite direction to 
that which would wind it up. You will then 
hear the hook unspring and the spring can be 
pulled off. In doing all this no force must be used. 
On the great wheel you will notice a little ratchet 
and click, which enable you to wind up the spring 
on the barrel with the key, but do not allow you 
to damage the remaining mechanism. As the barrel 
unwinds, the ratchet catches the click, and the great 
wheel is driven round, thus making the clock work. 

Having ebaned off the greater portion of the oil 
with tissue paper, and brushed off the remainder, 
cleaning the brush from time to time by rubbing 
it across the lump of chalk or the dry crust of bread 
you can finish off each wheel, arbor, pinion, and 
ratchet by brushing with a clean brush, holding the 
work in tissue paper while you do so. Then place 
all the clean ports under cover — inverted tumblers 
do very well. 

The plates must next be cleaned by sharpening 
matches and thoroughly cleaning out the holes 
in which the pivots work with the sharpened 
ends, till the wood comes out clean. The plates 
themselves con bo wiped clean with paper. The 
spring, if very dirty, may be cleaned with a piece 
of pojKsr wrapped round the blades of the tweezers. 

Putting Together. Replace the centre 
wheel on the centre arbor, and pin it in by pressing 
down the spring and forcing in the pin, holding 
everything in paper. Now put the mainsnring on 
the great wheel arbor, or barrel, and roll up the 
spring as well as yon can, so as not to make it too 
bulky, and pasa the looped end over the pillar, 
remembering that the spring must leave the pillar 
in the opposite direction to the motion of tho hands 
of a watch. Dodge the arbor of the great wheel' 
into its place, passing the rim of the groat wheel 
under the centre wheel, so as to engage the pinion 
of the centre wheel. Next, put the fourth wheel in 
its place, X)utting in tho long pivot first, and then 
get the third wheel into position, being careful not to 
strain anything, and remembering tnat its pinion 
engages with the teeth of the second wheel, and its 
teeth with the fourth wheel pinion. Next put in 
the ’scape wheel. Now all is ready for putting on 
the top plate. The longest arbor is that of tho 
great wheel, and then mat of the centre wheel. 
Those must be passed through their holes, and tho 
four pillars then just entered into place. With your 
tweezers lead the upper pivot of the third wheel 
into its place. Again lower tho plate a little, and 
slip the end of the fourth wheel into its place, and 
the ’scape wheel will require only a slight touch to 
enable you to bring the plate home properly. Tho 
ends can then be fastened with pins or nuts. 

Before going any further, press the great wheel 
round with your finger and see if all the wheels run 
sweetly. If they do, all is right ; if not, you must 
take off, or loosen the plates, and see what is wrong. 
The slightest pressure should turn all the wheels 
freely. Next, for future guidance, notice that tho 
teeth of the wheels and leaves of the pinions engage 
for about two thirds of their length. This is known 
08 the “ depth,” and in very fine watchmaking, or 
after doing repairs, sometimes gives trouble. 
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The pallets are then put in, the little cock being 
brought to the mark you scratched on the plate, and 
if it is correct, when you give the spring a wind and 
lift the lever up and down with your tweezers, one 
tooth at a time should escape. At the same time 
the pallets should not go deeper into the teeth of 
the ^jcajje wheel than is necessdiry. 

' Takei the balance and carefully pass the spring 
through the stud, but do not pin it till you see that 
the pin on the staff is in the notch of the lever when 
the pallets are at rest, and when the mark on the 
spring is in the same place as it was when you 
made it. 

In replacing the balance spring do not forget 
to pass it through the regulator clip, for in taking 
it out it will have cleared itself automatically. 
Now tighten up the pin in the socket to hold the 
spring, and screw up flattened nut so as just to 
give the balance the same play as it originally had. 
It should not shake when moved from side to side, 
though all the other wheels will shake ]>ercentibly. 
If all is well, the clock, when wound up, should now 
go. If it beats for a bit, and then stops, see if the 
pallets intersect too deeply, and if so, very slightly 
loosen the cock screw and raise the pallet arbor the 
minutest fraction ; but if the above directions have 
been carefully attended to, and the work tested in 
progress as indicated, the clock should tick regularly. 

FinUhIng Touches. The minute wheel 
must next be put on the front, and then the 
hour wheel. All ])ivotB should now be oiled 
by taking up the most minute drop of oil on a 
pin or piece of brass wire, and applying it to the 
holes in which they work. Over-oiiing spoils many 
clocks. The bearings in which the balance runs 
may be oiled prior to replacing that part, though 
with neatness they can be oiled when all is together, 
though many of the best clockmakers are in favour 
of postponing oiling till the last possible moment, 
for fear of dust getting into tne bearings and 
clogging the oil. In many clocks, however, you 
will be forced to oil several pivot holes ^tore 
beginning to put the article together, and in all 
watches this is absolutely necessary, for the bearings 
could not be reached later. 

The clock can now be replaced in its case by 
reversing the procedure used in removing it, and 
the first lesson in watch and clock making is ended. 
Practice will enable the beginner to take a clock 
completely to pieces and restore it to its original 
conaition, with the exception of regulating, in a 
very short time. 

From this lesson we have learnt that every clock 
or watch, of which wo have chosen the commonest 
type, consists of a wheel which is turned by some 
power, and which in turn imparts motion to wheels 
showing the time; the train of wheels is ftu-thor 
continued till a wheel is reached which, according 
to the beat of the pendulum, balance, or other 
regulating appliance, will turn with just sufficient 
rapidity to cause the time-telling wheels to fulfil 
their functions. We have also loamt a little manual 
dexteritv, and have seen the principle upon which 
the teeth on wheels and pinions are calculated. 

Pendulum CloclUi* We now come to clocks 
operated by pendulums, such as we oommonlv see 
on the walls of our halls. Remember the little brass 
lever in your cheap clock, and how, by the revolving 
of the balance wheel, it appears to be moved back- 
wards and forwards, though*‘]n reality the balance 
wheel is partially moved by it. WeU, remove the 
brass lever, and ima^e a piece, of wire fixed at 
right angles to the p^et athoir, and hatting down 
from it towards the bottom of the clocE M this 
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wire ends in a little fork, and a pendulum, with its 
rod tiuming on a pivot some little distance above the 
fork, be set swinging, then, if the rod pass between 
the jaws of the fork in such a way that as it swings 
it moves it from side to side, and receives the same 
impulse as the balance wheel did, we have the 
elements of a simple i^enduhim clock, for, once the 
pendulum is started swinging at each stroke, it will 
shift the pallets, allowing a tooth to escape, and at 
the same time it will receive a tiny blow which will 
just suffice to make it continue swinging regularly. 

Swinging Movement. In sudi a simple 
arrangement, which practically obtains in most 
of our house clocks, tne wire running down from 
the pallet arbor is called the criUch^ and the fork 
is the fork. The pendulum is generally suspended 
by a bar which, at the upper end, terminates 
in a fine piece of steel spring, Imown as the Bering., 
which is fastened between two pieces of brass at 
the top of the rod, known as the lower chops, 
and again passes between two more pieces of 
brass, called the upper chops, which in turn are 
attached to a brass block, or lump, called the 
pendulum cock. In cheap American pendulum 
clocks the rod is simply a wire which is flattened out 
and tempered at its upper end to form Ihe ispring, 
which is fastened between the upper chops. 

The principle upon which pendulums work, 
omitting the higher mathematics necessary to make 
the calculations, is that at the latitude of London, 
a bob at the end of a string 39*14 in. in length will 
swing once in a second. By mathematics, the lengtli 
of a pendulum to oscillate in any ^iven time can be 
calculated : but as the process is mtricate, we give 
the following lengths as those most usually found : 

To swing once in one second, 39*14 in. 

To swing once in three-quarter second, 22 in. 

To swing once in two- thirds second, 17*4 in. 

To swing once in half second, 9*78 in. 

These lengths are measctred from the edge of the 
upper chops to the centre of the weight 

In adjusting a new pendulum to a clock the points 
to be observed are that the edges of the chops, 
where they meet the spring, are perfectly square, 
for if they are curved they will cause the pendulum 
to twist as well as to swing. Then, the pendulum 
mtu^ vibrate in a plane exactly at right angles 
to the pallet arbor, and the pendulum must be 
suspended so that the bend of the spring is 
exactly opposite the pivot of the pallet arhor. 

The weights of the pendulum it^lf may be made 
of many substances, but in the clocks which we are 
likely to meet with at first they will be of either 
brass or lead. In very high-class clocks the 
pendulum weight often consists of a glass bottle 
filled with mercury, or of a series of brass and zinc 
bars. These are forms of compensating pendulums, 
designed W the very scientific horologists, like the 
late Lord Grimthorpe, who designed the gMt clock 
at the Houses of Parliament, and they should not 
be tampered with by the ordinary olockmaker, for 
much mathematical knowledge is required before 
their adjustment can be imderstood. 

Escapementa. The two clock escapements 
which are most generally to b^ found in common 
house clocks are the anchor recoil escapement and 
the efe'xd beat escapement. These can be eaailv 
reoognised by the shape of the pallets, and muon 
waste of words will be saved if our readers will 
compare the two drawings given on the next pa^. 

In the anchor escapement it will be notioea that 
the teeth of the wheel are pointed, with straight 
skies, while the pallet itself has a different shaped 
tooth, or shape, on each side, that on the side 
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from which the wheel is coming being slightly 
curved on its outer side und flat on its inner surface, 
while in the other pallet face the converse obtains, 

the curved surface being 

on the inside, and the flat 

edge on the side to which 

the wheel is going. This is / X . \ \ 

called a rccct7 caca'^cmtnif / f ) \ 

because when the left liand 

})allet has just escaped, the /y / / \ U 

pendulum still swings a ^ 

little further to the left / / 

and the face of the pallet W 

on . the right' hand side ' ‘ 

drives the wheel a little 2. ANCHOR EBOOIL 

bockwiirds again, as will ESCAPEMENT 

be readily understood from 

the drawing [2]. Then when the ()endulum turns 
to swing back again, this little recoil gives it 
an impulse, by giving the right-hand pallet face 
a little shove, and so sets the pendulum off again. 
Then when the swing to the right is accomplished 
the same thing takes place again. The above is not 
necessary in Vieory, oecause if all friction and the 
K'sistanco to the air were eliminated the pendulum 
would swing continuously ; but in practice the clock 
would stop in a short time were no impulse given. 

Dead-beat Eecapement. The dead-beat 
<‘srii|)ement [8] is much more difficult to explain, 
and we are indebted to the admirable work of 
Lord Grimthorpe for the following simplest de- 
scription, though we are not quoting verbatim. 

The pallets ore of the anchor 
form in appearance. From 
the centre of the pallet arbor 
yx TTy * distance is taken to the 

ioK point where the point of one 

tooth would just touch the 
left-hand, or receiving 
V/ pallet. This forms the 

radius of a circle, and that 
circle gives the form of the 
outer foc^e of the receivinjg 
pallet, A similar cucle is 
i/i' made from the centre of the 

« nvAm arbor but of a radius loss by 

7* thickness of the pallet 

OR GRAHAM tooth. This circle, when 

E^APBMNT described, gives the receiving 

A. :^ape ^^heel inside face of the 

right-hand pallet. These 
(mrves give the exact shape of face which will 
prevent the wheel from turning backwards as the 
))al]et tooth is driven in by the swing of the pen- 
dulum. The impulse face is made on the point 
of the pallets, and consists of a flat surface from 
the receiving point of each to the point of 
departure. The action is as follows : When a 
tooth escapes from the left-hand pallet it permits 
another to touch the right-hand pallet. As the 
})endulum continues its swing the tooth point 
travels up the hollow curve, and the wheel does 
not move. On the swing of the pendulum, the 
imllet moves, drawing away from the tooth till 
the comer is reached, when the force of the ’scape 
wheel pushes the twth along the impulse face, 
giving a shove to the mndulum, and the moment 
the tooth leaves one pallet the other pallet engages 
at the looking face, the tooth sliding up the slight 
curve. On its return another impulse is given by 
the tooth. The teeth of the ’scape wheel are dead 
flat on the forward side, and deviate a little from 
radial lines, so that their tips only make contact 
with the curved locking faces of the pallets. 




3. DEAD-BEAT 
OR “graham” 
ESCAPEMENT 
A. Escape Wheel 


In this form of escapement much friction is 
saved, since there is no retrograde movement of 
the ’scape wheel, and of the other wheels of the 
train, and also there is much less jar. 

The more elaborate escapements used in high- 
class turret clocks form material for the study of 
advanced scientists, and so need not bo included 
here. For a description of them Lord GrimthorjKs’s 
work on clocks and watches may be consulted. 

Weight CIocRe* Only small pendulum clocks 
have their main power imparted by a spring. In 
weight clocks a cord passes round the barrel of the 
groat wheel, to which the weight is attached. 
Obviously the tendency of this weight is to run 
down, and so to turn the great wheel, thus doing 
the work which the spring did in the smaU 
clock which we consi ered first. The weights 
may be fastened by a single string, but that gives 
a tendency to twist, and it is better for one end of 
the string to be attached to the barrel, the other 
to pass through a pulley on the top of the weight, 
ana then be fastened to the seat board of the 
clock or to some point in the frame. By this means 
there is another gain, for the weight will have 
to fall through only half the distance. 

Eight-day Regulatora- Having now 
gained some insight into the mechanism of ordinary 
clocks we are in a position to l>egin a small 
job ; and to gain experience let us suppose, 
that we have received an ordinary eight-day 
clock to overhaul and to execute any necessary 
repairs. Besides our former tools we shall 
require a small bench vice, some fine files, screw- 
drivers of various sizes, a pack of cards fastened 
in the middle to form a sort of square cardboard 
brush, a little hammer, and possibly a pair of turns 
and some gravers, which we shall describe when we 
have to use them. We may also need some drills, 
which can be bought for very little, and with the 
turns we shall have a number of ferrules, drillstooks, 
and centres. 

The first thing to do is to examine the clock 
before we take it out of the ease, for its stopping 
may be due to the hands catching, to the weight 
cords getting entangled, or to some other visible 
cause. Wlien we find that we cannot explain the 
accident by any immediately remedial cause wo 
take the movement out of the case. First tako 
off the weights and the pendulum. In taking off 
the latter you will have to use your own judgment, 
carefully examining it to see how it is fastened. 
In many clocks the pendulum is suspended from 
the back of the case entirely free from the move- 
ment, and in that case it may be left where it is. 
In others you can get at it from the back, and 
remove it from the sustaining cock. Again, you 
may not be able to do that, and may have to remove 
the weight, and take out movement and rod together, 
though this should be avoided as far as possible, 
since creat trouble will be caused in regulating the 
clock later on. However, if it is imperative, and 
the pendulum weight is held on a fine screw, turn 
the screw half a turn down, then make a little 
mark close to the edge of the upper side of the weight 
so as to know just how to replace the bob, and then 
continue to take off the weight. Next remove the 
beU, bdl stud, and screw for same. 

RemovlDiE the Dial. Place the clock, 
dial downwards, on the board and take *Qui 
the screws which fix it to the seat board. Then 
take out the cock screws and remove the pallets, 
but remember to replace the cock in ^ifion, 
for that will prevent you from scratching tiie back 
plate when you turn the clock over. 
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In thifii class of clock the hands are secured by 
tiny pins, and these you take off with pliers ; take 
off the hands, and then remove the dial by un- 
pinning it. The holding pins vary in position but 
will easily be found. Once the dial is free you 
will get a good view of the mechanism^, and you 
will notice that instead of the simple motion which 
we met with in the cheap clock, there are several 
wheels, and perhaps a ratchet, all on the front 
plate of the clock. Most of these are connected 
with the striking movement. 

Striking Movement, If we examine the 
inside of our clock before we go any further we 
shall see that there are two distinct trains of wheels 
inside. First there is the going train, with which 
we are familiar^ and then there is another train 
consisting of a barrel with weight and great wheel 
attached to it, working on a wheel and pinion, 
known as the fin-whee% and this works on another 
pinion and wheel, known as the gathering pallet 
wheel, which works on the warning- wheel, and lastly, 
a Hat pair of ])late8 with a pinion on the arbor, 
called the jly and / ini n. In front of the clock wo 
shall see on the toj) of the hour wheel a curious 
piece of brass which is called the snail, and its name 
will readily enable you to distinguish it. The 
saail is divided into twelve steps, and is adjusted 
so that the fall of each step allows a lever, called the 
rack tail, which rests upon the steps, to fall just 
sufficiently far to liberate a number of teeth on 
the rock equal to the hour to be struck, A little 
piece of brass gathers up these teeth, and then 
stops the running of the striking train by catching 
against a pin. This causes the whirring known 
as the VKtming. The rack is then caught by the 
rack hook, which holds them till it is raised by the 
detent, which, as you will see, is lifted by a lever dis- 
placed hourly by a pin on the minute wneel. A few 
minutes' examination will make this iierfectly clear. 

These levers ai*e held on studs by little pin«» 
which you must withdraw with your pliers. Then 
remove the motion work and all on the face of 
the clock, first making a rough sketch, if you cannot 
hold the positions in your memory. 

Dismounting, Tlie front plate of these clocks 
ier held by pins passing through the pillars, and 
these must be extracted Hnd placed so that the 
right pin may be returned to tne right hole later. 
Now take out the parts, as we have done before, 
and clean the clock, using rottenstone and oil first, 
then whiting, and, lasfly, fine-powdered chalk. 
Any rust on the steelwork must oe removed with 
flour, emery, and oil applied with a piece of wood 
out to fit the part. The card brush is useful for 
cleaning the teeth of the wheels. 

Next brush the plates carefully, brushing length- 
ways of the plate, and only in one direction, so 
that any inarKs which may he made will not spoil 
the apiMjaranoe of the plates. Finish off in the same 
manner as the wheels. Wooden pegs will serve to 
clean out the holes in the plates, though most clock- 
makers use strips of leather. 

examining* All being clean, get ready to put 
the works together again, but, not to spoil the actual 
pins which hold the frames on the pillars, make a 
set of examining pins out of steel wire, by turning a 
loop at the end of the wire, imd then on the bench 
vice tapering them off to a neat point. We shall not 
give ordinary directions for metal-working, because 
they will be found in the articles on mechanical 
engineering in these volumes. Be careful to finish 
your pins neatly, for fear of scratching the pin-holes. 

Before , putting the clock together, examine each 
wheel carefully prior to putting it into its place. See 
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that all the teeth are uninjured, and if any are bent, 
you must restore them to their plage , with the 
pliers. If any wheel is loose on its arbor, it must be 
carefullv riveted tight with a half-round punch and 
a light hammer. This can be done in the vice, but 
i^ is better to have a steel stake with a hole in it just 
large enough to take the arbor or pinion, and allow 
a good bearing for the collet. Then try the pallets 
and crutch, and see that they, too, are tight on 
their arbors. 

Tenting the Movement* Now put the 

clock togemer, fastening it with the examining 
pins. See that the wheels have just enough play 
in their holes to move slightly, so as to clear the 
shoulders of the pivots, but not any more. This 
is called the end shake. Try the pivot holes by 
spinning the wheels in them, when they should not 
wobble in the slightest, and yet should run per- 
fectly free and spin for some time. 

The depth of the gearing must next claim our 
attention. By this is meant whether the teeth 
just engage sufficiently in the pinion leaves. The 
easiest way of doing this is to press the wheel 
round in one direction and the pinion in the other, 
just allowing the force on the wheel to overcome 
that on the pinion. If the depth is too deep or too 
shallow, the teeth will lock or catch instead of 
running smoothly. If the depth is wrong, a new 
pivot hole will have to he made, as will be explained 
later. Examine the pivots, and any that are too 
small and worn uneven must be “ run ’* in the 
turns till quite smooth and circiilar, and a new hole 
made to fit them. 

All the wheels having been examined and put 
into place, the escapement will next claim atten- 
tion. The pattern will probably be the recoil given 
above. See that the faces of the pallets are per- 
fectly smooth, and, if not, file them up carefully, 
and burnish them to shape. See that the drop on 
to each pallet is equal, and the clearance of the 
free pallet should be just sufficient to allow the 
tooth to escape. The backs of the pallets should not 
scrape on the wheel teeth. One authority gives as 
a good rule for eight-day regulators that wo end 
of the crutch shomd move 4 in- from drop to drop 
of the wheel teeth. 

Dead-beat escapements are very hard to repair 
if they are much worn, though it must be said that 
they do not wear os much as the recoil pattern 
does. If slightly worn they may be filed and bur- 
nished up to shape, and will last for years, but if 
more damaged, new pallets will have to be cut, 
using the old one as a pattern. This will not be 
difficult for anyone accustomed to metal-work, but, 
later, full directions will be given. 

Replacing Pendulum* Now look at the 
crutch, and see that it just holds the pendulum 
freely without allowing any end shake. If it 
is rough inside it must be polished and slightly 
lubricated. Now see that the slit in the cock is 
exactly perpendicular, and that the pendulum 
spring fits it exocitly. Now put all into place, 
see that the pendulum swings an equal distance 
from each side of the middle line, look down the 
clock from the top to make sure that all is going 
smoothly, and then, with your oiler, apply just the 
tiniest drop of oil to every j^rt where friction can 
occur. Many say that no oil should be put on the 
pallet faces, but the highest authority declares that 
a .most minute quantity greatly improves the 
working of the oloc^. 

Before paying any attention to the striking 
mechanism of the clool:, you should see that the 
pallets are removed again, and ike crutch, or else 



you may da mage your escapement while ex})eriment- 
itig with the other parts. But to save the back from 
l>eing scratched, and to raise the back plate a little, 
replace the cock after liberating the pallets. 

StriRittg MechanUm. The next thing to 
look to is the striking mechanism. This is occa- 
sionally damaged, though the actual train within 
the frame is seldom in need of repairs. First, we 
must see that the acting face of the hammer tail is 
in proper relation to tne pins of the pin wheel — 
that is to say, it should bo a tiny fraction of an inch 
above the centre line of the pin wheel. The length 
of the tail should be such as will allow it to drop 
from the pins, and when at rest it should be about 
the distance of two teeth from the next pin. 

U'lie racl: is the part of the mechanism which 
regulates the number of strokes to be given to the 
ladl. Its first tooth should bo a little longer than 
the others, so that the other teeth will not grate on 
the rack catch, and cause an unpleasant noise, as 
well as wear out the teeth. The tumbler, or gathering 
pallet, is really what is called a dut^ in me- 
chanics, and it may be worn, in which case it will 
liave to be filed up to shape, or a new one inserted 
in its place. It is not a difficult piece to make if its 
functions be remembered. It has been sug^sted 
that the figure (\ is a good model to take in making a 
new gathering pallet. The tumbler must lift a little 
more than one tooth, and let the rack fall back 
again a little, or else the clock may take to striking 
in*egiilarly. The acting faces must be quite smooth 
and well polished. If the teeth of the rack arc found 
to l>e a little too low from the gathering pallet, and 
require raising slightly, then, if you place the rack 
on a smooth anvil and tap the stem with a light 
hammer, the stem will be slightly stretched, and the 
entire rack will thus be raised. The rack catch may 
be worn, but as the tooth of it is always much wider 
than the teeth of the rack itself, it will be worn only 
in one place. Its 8ha)ie can thus be known, and the 
catch, if not too much worn, filed to a smaller but 
still efficient shape. After this operation it may bo 
necessary to stretch the rack, tnough that is not 
likely to be the case. 

Replacing Train, In putting the inside 
•work belonging to the striking train into place, 
some of the wheels have to bear arbitrary posi- 
tions in relation to others. Tliesc are the pin wheel 
and gathering pallet j)inion, and the warning wheel 
and the detent stop. 

'rhe wheels of the entire mechanism of a striking 
clock should be placed in the frame in the following 
order, for to get the striking train in after you 
have mounted the going train would be very diffi- 
cult — centre wheel, third wlicel, both great wheels, 
hammer, pin wheel, eRca]>c wheel, gathering pallet 
wheel, waniing wheel, and, lastly, the fly. 

Having got them all roughly in their places, put 
on tlie top plate with examining pins, and tempor- 
arily mount the rack, rack spring, rack hook, and 
gathering ])allct. Now see that tlie rack hook has 
gathered up all but one tooth of the rack, and move 
the pin wheel slowly round till the hammer tail 
just drops off. At that instant the tail of the gather- 
ing pallet should have about a J in. between it and 
the pin in the rack, which stops striking. If there is 
more than this, or if the hammer tail is resting on 
a pin, then the top plate must l^e raised a little, and 
the pin wheel turned a tooth further on in the 
pinion until the required position is obtained. 

The run of the warning wheel must be ad- 
justed. Put on the lifter, and gradually lift it till 
the rack hook liberates the train and warns. The 
warning pin should run just half a circle before it 
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roiichos tlie detemt top, so at the moment of release 
should iie diametrically opposite to that stop. Also 
you must see that the warning pin catche.s fairly 
on the detent atop. 

This train now being in as good order as the 
going train, we can remove the rack, take out the 
examining pins, and pin up finally with sound pins, 
rejilacing any which may look at all battered. 

The Cannon Pinion, The cannon pinion 
spring and cannon pinion are now put on the 
minute wheel, which must be in such a position 
that the pin on it drops the lifter at the instant 
that the minute hand is upright. To test this 
put the minute hand on the square of the cannon 
pinion and then place the minute wheel in proper 
position. Take ofi the minute hand, and put on the 
hour hand, again seeing that the liour hand is in its 
proper position when the snail allows the rack 
end to fall and the clock to strike. This seems trivial, 
but often the beginner forgets that unless he takes 
these precautions he may have to take the clock 
to pieces again very soon. The rack should next bo 
replaced, and all the striking mechanism carefully 
looked at again before the dial and hands are 
pinned on, 

Tnm the clock round and put on the pallets, screw 
on the seat board, and oil the pulleys from which the 
weights hang. The movement can then be put into 
the case, seeing that the dial is upright. Hang on 
the weights and wind them up caretiilly, and, finally, 
put on the xiendulum. If the pendulum is now 
gently started the clo^^k should begin to go. 

But the clock will not go properly unless it is 
“ in beat,” and to test this when the jxmdulum 
starts from rest it should have to be moved as far 
to the right for the first tick as it has to the left to 

f et the second tick, measuring from the centre line. 

f the clock is in beat, and so the ticks are regular, 
no adjustment is necessary, but if the right-hand 
beat of the pendulum comes too quick, then the 
cnit(5h requires to be bent a little to the right, 
while if the left-hand tick is heard before the 
pendulum has had its proper swing, the bottom 
of the crutch must be bent towards the left. Very 
little bending will make a great deal of difference, 
so great delicacy must bo exercised in this operation. 
The clock should now go well, but must be regu- 
lated. If it is too fast, the }>endu]uni bob must be 
lowered a very little, and if too slow the bob must 
be raised. The amounts iiooessary to make a great 
deal of altoraiion in the timekeeping are very 
slight indeed. 

Repairs, Undoubtedly repairing is the chief 
work of the modern clock and watch maker, for if 
he wishes to make a new clock ho buys the parts 
in the rough from wholesale manufacturers, and 
finishes them up himself. Consequently, if the young 
clockmaker learns how to do the ordinary repairs, 
ho will have learnt all that he will require, save for 
the designing of the plates, to enable him to con- 
struct a clock himself, should he ever be called upon 
to do so. 

Pin«maRing« This is the first job that th^' bud- 
ding clockmaker has to leani, and this he must 
become proficient at, for until he can make a pin 
decently he has not learnt how to use his file and 
burnishers, nor has bo acquired the delicacy of touch 
which is essential to success in this trade. 

At this stage we shall assume that wo have access 
to an ordinary small clockmaker’s bench, with the 
few tools which ai*8 generally to be found thereon, 
for when the embryo watchmaker haa practised 
the foregoing lessons he will know whether he has 
found the oaUing which he wishes to pursue. 
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ClocK Pillar Pia«* To make a pin to fit 

a clock pillar, take a piece of hard wood about 
three-Quarters of an inch square in section, and 
an inch and a half long. See that the faces are 
quite smooth. Secure it in the bench vice firmly, 
and with an ordinary graver cut the surface, 
and parallel with the jaws of the vice a series of 
four or five longitudinal grooves 'of varying depths, 
the deepest being /o in., and the others running 
down to a tiny groove. The section of these grooves 
is V-shaped. 

Now take a pin vice, various patterns of which 
will be found on every bench, such being simply 
small hand vices arranged to hold fine wire eitner 
by means of a clamping screw or a circular screw 
like a lathe chuck. Into the vice put a piece of 
iron wire, stouter than the hole you wish to fit. 
Part of the wire will run through the handle of the 
vice, and about an inch should project beyond tlie 
jaws. Take the vice in your left hand and lay the 
wire in the deepest groove. With a file in j^our right 
hand hold the wire in the groove. Now twirl the 
vice with your fingers, so as to turn the wire towards 
you, and as it turns push the file away from you. 
Then reverse tlie motion, always making the file 
move the opposite way to the wire. Keep moving 
the file so as to get as fair a taper as you can in the 
deepest groove. Then take a finer file and shift the 
wire to the next groove. This will complete the 
tjxpcr very nearly, but will leave some me-marks 
on the pin, which make it look unsightly, so take a 
still shallower groove and a flat burnisher in place 
of the file and again twirl the pin till it is perfectly 
smooth and polished. 

Push the ))m home in the pillar which it is to fit, 
and with a graver mark each side the distance it 
should stand out to give a firm hold and to look well. 
Then remove the pin again, and with a graver, work- 
ing against the twirling wire in a groove, deej>en 
the nick at the thin end. Into the deep ring tnus 
mode put the edge of the bxirnisher, and with a few 
twirls the thin end of the pin will bo cut off. Now 
advance the point a little over the next end of the 
filing- block and finish off the point with a fine tile 
and the buniishor, so as to round it neatly. Deepen 
the other nick in the same way with graver and 
burnisher till it nearly cuts off the pin. Insert the 
pin in the pillar, and give a slight mnd when it is 
well home, and the pin is finished and in its place, 
snapf)ing off neatly at the thick end. 

Repairing Plvota. If a pivot is worn un- 
evenly, or badly cut, but is thick enough to be made 
into a finer pivot this can be easily done by the 
process known os running a pivot. 

To do this the turns are placed in the vice. 
The turns are really a miniature lathe, having 
the motive x»ower imparted to the object by 
means of a bow having a gut or horsehair cord 
working round a, ferrule, or tiny wheel. The 
cord of the bow is passed once round the ferrule 
in such a direction that the down stroke of the 
bow makes the ferrule revolve towards you, and the 
up stroke away from you. In filing with the turns 
both strokes are used ; but in graving with a cutting 
tool only the down stroke is employed, the graver 
being lifted while the up stroke is made. The turns 
have a variety of centres, suited for different kinds 
of work, those in which a point runs being called 
female centres, those with points against which 
a flat pieoe or a ti ly spot runs being dead centres, 
and those with grooves which support a piece of 
work being running centres. A gooa watch or clock 
maker wiu have a variety of centres, many mode 
by himself. 
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Now take the defective wheel and i^rbor, On 
the sound end fix a screw ferrule not far from 
end. A screw ferrule is one which oan be clamped 
on to a piece of metal, holding it true in its centre. 
Place a female centre in one end of the turns, 
and a running centre in the other. Put the point 
of the sound pivot in the female centre and adjiv»t 
the position of the running centre so that its groove 
receives the imperfect pivot and allows it to have 
a good bearing. Put the gut of the bow round the 
ferrule, and, placing the plain edge of a very fine 
file against the shoulder of the defective pivot, file 
it down as it turns, always moving the file in a dii'ec- 
tion contrary to that in which the arbor and pivot 
are revolving. When the pivot is filed quite straight 
and smooth, Durnish with a flat, plain burnisher and 
the fresh pivot is made. It will require a fresh hole to 
run in ; presently we shall learn how to make this. 

Replaoifig a Pivot. To replace a pivot 
which has been broken off, first file the broken 
end of the arbor quite flat. Then put on a screw 
ferrule, as before, on the sound end. In place 
of the running centre in the turns place a drill 
stock centre, which is a true centre made to 
hold a fine drill, with its point exactly opposite 
the other centre. With a graver mark the exact 
centre of the filed arbor end. Place the good 
))ivot in the female centre, and the bow round 
Ihe ferrule. Press the sliding ix)rtion of the turns, 
which is carrying the drill centre, so that the ]X>int 
of the drill exactly fits the tinv.mark on the arbor 
mode by the graver. Hold the sliding part with 
the hand so that tlie drill presses close up to the 
arbor and revolves with the bow. By this means 
a hole will be drilled straight up the centre of the 
arbor, true in the middle. 

Oean out the chips from the hole. Next draw- 
file a piece of tempered steel wire to fit the hole 
exactly, *ind drive it in tightly; then cut off the 
length required. Point this new piece so that the 
wheel and both pivots run true between two female 
turns. Now turn the new pivot down with a graver, 
just as in metal turning, till it is nearly the right 
size, after which run it in a running centre. Burnish 
it, and i'ound off the end neatly in the rounding 
up centre, which is one which supports the pinion 
but enables the worker to get at the extreme end of 
it. A new pivot may be fitted to any of the pinions 
in the same manner, but most espeeial care must 
be taken to get the exact centre of the pinion 
before drilling the hole, or else the wheel will be 
ruined. Where a lathe is to be had, a special chuck 
will enable you to centre, in the ordinary way, but 
where such is not obtainable a bell punch is a most 
useful tool for fairly large work. Smaller pinions 
must be centred by experiment, shifting the position 
of the drill point till the true centre is found, and 
then drilling as before. . If the workman has to use 
the turns for drilling a split collet, it will hold 
the pinion better than a screw ferrule. 

Drilling* When it is thought advisable for the 
drill to turn, instead of the work which is l)eing 
drilled, drill stocks, fitted with ferrules, can be use^ 
Some of these work in the turns, and others are used 
by pressing the poin^ end against a depression 
, at tro end of the jaws of the hmoh vice, and pressi^ 
the work to be drilled against the other end, while 
the tool is rapidly rotated. The use of the drill 
in this manner requires considerable practice before 
proficienov is attained. 

Bi drilling arbors to take new pivots mat care 
must be tal^ not to split the arbor, and the same 
care must be exercised in driving in the new piece 
of steel, which should be gauged so that a light top 
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with a haiumer is stifficient to dri\ e it tiglit home, 
and it should hold by its own friction, if the worker 
has an accident, and splits an arbor, the only way 
to repair it effectively is by putting a ring or collet 
over the split part of the arbor. SomethncK this 
is not nossible. and then tho new pivot must be 
soldered in, a most objectionable practice. How- 
ever, if you have to solder one in remember to dip 
the soldered ]mrt into oil before it cools, or else you 
will be sure to have rust breaking out later, and 
spoiling your work. 

Defective PinioDs. If the leaves of the 
pinions are badly worn or cut it is bad practice 
to file out the marks, because that would make the 
leaves too thin. The best plan is to turn a small 
quantity off the shoulder of one of the pivots, 
thus making it sink further through the plate, and 
then put a raised bush on the plate on the opposite 
side to receive the other pivot. This wdll have the 
effect of shifting the bearing points on the pinions 
both of the wheel you are operating on and on 
tho one which its wheel drives. 

A Broken Pinion Leafi If one of the 

leaves of a pinion is smashed, tho only good method 
is to make a new^ pinion, and as this will frequently 
have to be done when fitting up a new clock, we shall 
take this method first. Pinions are generally 
bought in the form of iiinion wire, which is steel 
wire drawn through plates which have the effect 
of cutting out leaves of varying numbers, from 
six to sixteen leaves. This pinion wire is sold in 
one foot lengths. , 

First of 6iU cut off os much os you will require 
for the new pinion, arbor, and pivots, and a little 
to spare. Tnen, with a smooth file finish off the 
leaves, and see that the pinion is quite straight. 
This is done by placing the pinion between the turns, 
revolving it, and passing a piece of chalk along the 
side nearest to you so as just to touch the pinion. 
The bulge of the bent side will be marked, and the 
hollows unmarked. Lay the pinion, if much out of 
truth, on a smooth anvil with the marked side down, 
and tap the hollow side with a light hammer very 
gently till the ))inion is nearly true. At this 
stage the pinion need not bo quite true, for after it 
has been w^orked it will have to be trued again. 

Now harden the pinion as follows. Tie a piece 
of soft iron wire round one end securely. Cfover 
the leaves of the pinion with soap, fairly thickly. 
Have a good clear fire and a jar of water ready. 
Put the soaped pinion into the fire till it is all red, 
selecting a place where no coals can fall on it, and 
bend it when red. When all red pull it out with the 
wire and plunge it vertically into the jar of water. 
If you plunge it in obliquely, you will probably 
bend it. The soap is to prevent tho leaves from 
being burnt before the body of the pinion is red hot 

Tempering. When the pinion is cool it must bo 
temiHJred. Make a U-shaped piece of wire, with a 
loop at each end, to hold the enos of the pinion. Hold 
t!\c end of the loop and pass the pinion through 
the flame of a Bunsen burner till it is warm. Now 
cover it with tallow or oil, the warmth making 
either run well all over it. Again pass it through 
tho fiame backwards and forwards and lengthways 
till the oil or tallow takes fire. Immediately blow 
out the flame, and let the pinion cool a little. Then 
give it another coat of oil, and again set it on fire 
in the same way, and blow it out. This operation 
is known as blazing. Under no circumstances must 
the tallow be allowed to burn itself out, or the 
temper would be too soft 


Again true tluj pinion as before, this time bringing 
it to }»erfection, using a narrow steel stake as well 
as the flat of tho anvil to ensure perfection. When 
the pinion runs true in the turns we can proceed 
to polish the pinion heads and leaves. Make a 
few wedge-shaped pieces of wood, about six inches 
long and three broad, and make a mixture of emery 
and oil. Dip one of the pieces of wood into tho 
emery mixture, and rub the bottom of the pinion 
leaves with this mixture, taking each hollow in turn, 
and supporting tho pinion on a piece of cork. When 
all the bottoms are well polished take another 
piece of wood with a groove cut in it to fit the top 
of the leaves, and with this polish the tops of the 
leaves till br-ght. Now clean off all the emery, and 
wipe tliet)inionB quite dry. Then polish with crocus 
powder, used on a clean wedge and groove. 

Making New Arbor, Mark off the 
portion of tho pinion which is to be used in the 
clock (or watch, for tho operation is the some) 
and then place the pinion wire in the turns, and 
turn down the leaves off the portions which are 
to form the arbor until the pro})cr size is nearly 
reached. Solder on the collets on which the wheels, 
or wheel, is to fit, and turn them down smooth ; then 
put on the wheel and rivet it neatly. Run up the 
wheel with a file, and then finish off the arbor with 
a smooth file and a burnisher. 

The pinion head, or heads, as the case may he, 
next have to be faced up neatly, and this is done 
with two pieces of thick sheet iron, with holes 
bored in the centre a little larger than the pinion 
arbor. The best size for these is an inch square. 
Each side of the facer, as these iron plates are called, 
is filed up flat with a rough file, which leaves some 
small marks u|)on it. A little emery and oil is 
applied to the facer, and tho arbor passed though the 
hole. Then the pinion is placed in the turns and 
rotated moderately rapidly while the face is pressed 
lightly against the head of the pinion whioli is to 
be polished. Every now and then you will have to 
file your facer again, because tho tenipered pinion 
steel will rapidly eat into it, and make it uneven. 
When the heads are thoroughly flat, you can finish 
them off with a eloan facer and a little crocus 
mixed with oil. The wheel is next polished with a 
flat iron polisher, care being taken not to press 
too hard upon it, and the wheel being examined 
to see first that all the teeth are of the right shape. 
Any that are not quite right, whether the wheel 
be old or new, must be rounded properly with a 
topping file, which is a small file, cut on its fiat face, 
and smooth on the other side, which is half round. 

Finishing Off, The final touches aro now 
given to the arbors by polishing them with a flat 
iron polisher charged with emery and oil, and then 
polishing brightly with crocus and oil applied on 
two pieces of wood between which the pinion 
revolves rapidly. 

All the body of the new pinion, witli its wheel 
attached, being now finished, mark off the exact 
length required and turn and run the pivots in 
the manner already dc8oril>ed. When the new 
pivot is filed down there will be a slight burr on 
the edge of the shotildci* ; this should he removed with 
a graver before ]X)Iishing, leaving a tiny chamfer. 

Your first practice pivot, pinion, and arbors 
will teach yon a lot in the manipulation of clock- 
making tools, but you must not expect it to be 
workable, for only exi^erienoe can make a skilled 
clockmaker ; however, you will find that the second 
attempt will be more than twice as good os the firsts 
and after a time you will acquire great precis'on. 
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Caterings for and Manag^emeot of Clubs. The Way to Make a Boarding-house 
Pay. ^Seaside Apartments. Hostels for Women. Catering in Big Hotels 


By A. B. 

^ATEKING for private clubs resembles that 
^ of hotel catering, but a few details of gentle- 
men’s and ladies’ clubs are given here. 

Gentlemen’s Club^ The former, gentle- 
men’s clubs, vary in the limitation of membership, 
the better class having a iisced membership, some- 
times 1,500 or 2,000. The subscription for town 
members ranges from £7 to £10 10s. with an entrance 
foe of 10 guineas, sometimes more. There is a 
lower fee for country and colonial meiubers — from 
£1 to £5, with, of course, an entrance fee. The 
number of luncheons varies from 00 to 100 daily, 
at a reasonable charge k la carte for four courses, 
dinner including six courses. The rental of club- 
houses is high, but is generally covered by the 
subscriptions. tSleo])ing accommodation is pro- 
vided at most clubs at a moderate charge of 5s. or 
Os. |>or night. In general a large staff is required, 
the duties l>eing heavy some days and light others. 
It includes the secretary, chief steward, head 
waiter, wine butler, cashier, valet, waiters, hall 
porter, night porter, house porter, pages, platemen, 
and maids. The wages for the chef rim from £4 
a week to £0, waiters get 14s. to £1 a week, and 
maids £14 to £18 a year and laundry, augniented in 
each case by the Christmas-lmx fund. Club wages 
are considered very good, though the working hours 
are. long. A fortnight’s holiday is allowed to those 
who have been a year on the staff. Loss may 
occur oil a month’s catering, for which the gains 
of another month compensate ; much de]ienas on 
the carving, some carvers being more economical 
than others. In most clubs Is. a head is allowed 
per day for each member of the staff. The chef 
daily mokes a list of his requirements, and orders 
his goods, the steward checking the weekly accounts. 
Meat and vegetables are obtained from local trades- 
men, with whom special arrangements are made. 
They usually call twice a day for orders, and 
possess the advantage of serving better and being 
near at hand. It is usual to give away the broken 
food. Cold storage is used for perishable provisions, 
but no largo quantities are stored, except in the 
case of dry goods. 

The staff nas its own hall, and the heads their 
own private sitting-room and bed-room. For the 
membjiis’ use there are a dining-room, smoking- 
rooms, reading-rooms, library, card-rooms, billiard- 
room, strangers dining-room, and lounge. From 
the large kitchen a lift passes up to a room off 
the dining-room, whei'e joints are kept hot, and 
covers descend to the dishes from the ceiling. 
In most clubs the staff at Christmas has a ban, 
jiaid for portly by the club and jiartly by the staff. 

Lradiea* Clubs* An up-to-date ladies’ club 
of 1,000 members, with a guinea subscription, is 
located in a spacious town house, the large rooms of 
which have been cleverly cut up and most daintily 
and luxuriously furnish^ as coffee-room, drawing- 
room, dining-room, silenoe-room, cloak-room, and, 
smoking-room. The kitchens are at the top of the 
house, and have gas stoves. The charges for meals 
ore : Breakfast, Is. 6d.; dinner, 2s. 6d. to 3s. 6d. ; 
supper, Is. 6d, Four of the staff are in the kito|||gi 
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(the chef and three others), three in the still-room. 
There are also six waitresses in the busy 83ason, and 
five in the quiet season, beginning work at 8.30. 
Their wai^s run from £14 to £10 ; the girls get a 
fortnight^ holiday and one half-day .off a weds. 

Boardlng"houaes* In inland towii.s 

and seaside resorts there is a steady demand for 
boarding-houses. That they often turn out financial 
failures is usually due to want of good management. 
The proprietor needs certain distinctive qualifica- 
tions for the post, an:l here the personal equation 
counts for much. Houses are filled and kept full 
through the establishment of friendly relations 
between landlady and boarders. The former should 
be capable, efficient, tactful, kind-hearted, amiable, 
just, dignified in bearing, firm, diplomatic, a bureau 
of information, and able to show a smiling face to 
the world. Independent aids to success are : 

1. Suitability of the house in size and situation. 

2. Attractive ap}>earancc of the place inside and 
out, involving cleanlinesfl, neatness, and artistic 
furnishing, good beds being an Important item. 

3. Neat, dapper, willing servants. 

4. Appetising meals, varied from day to day, 
taken preferably at small tables. 

.5. regular weekly payments by the boarders. 

it is not a bad idea to make a plan of the house, 
and write in the space of each room the rental it 
should yield to cover expenses of rent, fire, light, 
service and furniture. When the cost of table i.s 
added, the total exiienses of upkeep are obtained. 

The following items are supplied by the 
manageress of a London boarding-house in tlie 
West End, containing 33 rooms : Bent, £200 ; taxes, 
£70 ; gas, £30 ; coals, £25 ; wages, £120 ; housekeeping, 
£650 — total, £1 ,095. Average rooei pts for the year — 
£1,300, leaving a margin of £206 profit. Terms per 
week for boarders, with lunch, £l 10s, ; without 
lunch, £1 5s. It is hardly possible to provide full 
board for less than 258. a week, or two meals a day 
and full board on Sundays for less than one guinea. 

A small, unpretentious boarding-house at Bos- 
combe gives the following particulars : Rent, £80 ; 
taxes, light, coal, £40 ; wages, £30 ; housekeeping, 
£230 — total outlay, £380. This should accommo- 
date eight boarders, each paying 258. per week — 
perhaps SOs. for large single bedrooms, but averag- 
ing 2&. for 44 out of the 52 weeks. Allowing for 
slack seasons, the receipts would average £4^ per 
annum, thus yielding the small yearly profit of £60. 

Apartments and The Hostel* Some 
people prefer a compromise between a boarding- 
house and lodgings. During holiday time mater- 
familias dislikes wasting the golden hours in shops, 
and when the landlady is reliable prefers to transfer 
ordering from tradesmen to one who knows the 
ropes, and does not suffer from exorbitant charges. 
Orders and hours for meals are entered every morn- 
ing in a book, and accounts settled weekly. 

lArge profits may be made by enterprising land- 
ladies who know how to satisfy the tastes of certain 
wealthy clients. One at Eastbourne lets two 
suites of rooms, and provides board at £22 to 25 
guineas a week for the two. Her rent h £150 per 
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Hiinuui, md she is able tp keep herself and four 
servants oh the food left over. 

One of the features of modern city life is 
the establishment of hostels and residential clubs 
for women employed in vAi*iou8 ways. The 
expense of living in such a community is compara- 
tively small, and the advantages are many. A 
girl earning 25s. to SOs. a week pays ISs. or more 
fier week, but of course for such a moderate charge 
the affair can only be made profitable if con- 
ducted on a large scale. There is a great and 
dailv increasing demand for good hostels for I^n- 
don^a army of educated women workers. That the 
{iroblem of housing these is one of vital importance 
every thoughtful person will admit. 

Catering for a Yachting Cruiae. 

In provisioning a yacht one encounters t’ e diilicuify 
of supplying a vessel which may at .any time, 
through stress of weather, be prevented from 
approaching land. Thus two im]>ortant requisites, 
water and milk, may run short. Certain catering 
firms undertake to provision a yacht for either a 
short or long cruise, arranging to take back surplus 
stores at four-fifths of the original cost. 

Items indis|>ensable to a yachting cruise include 
various forms of tinned provisions — meat, fish, 
poultry, and game. Vegetables and fiaiits may be 
tinned or bottled, and jam is always appreciated. 
In the case of houseboats and wherries on the 
Broads the dearth of fresh meat, fish, and vege- 
tables is less marked, though even there one 
hears of boating parties getting into difficulties 
over catering. Then, even when moat or iioultry is 
obtained, it is difficult to keep it sweet in hot 
weather in the limited store simce afforded by a 
houseboat or wherry. Insect pests, owing to the 
presence of water, prove especially tiresome. When 
coal is stored on Imard, the plan of wrapping the 
joint in a cloth and packing it in the coul is recom- 
mended. Condy’s ilTuid and vinegar are, of course, 
useful adjuncts. 

A ladv, whose catering during a fortnight for a 
party of eight in a wherry on the Broads afforded 
complete satisfaction, gives the following particulars 
and advice : ' * The total cost per head for food during 
the cruise amounted to £1 IBs. fid. This included 
the share of board-wages for two men in charge of the 
wherry, but not, of course, the hire of the boat. 
The provisions taken included a cooked ham and 
a large piece of pressed beef. A box of groceries 
(tea, sugar, a jar of pickles, condiments, tinn^ meats, 
fruits, and soup) should bo sent from London to the 
centre of the Broads from which the start is made. 
Biscuits prove useful when bread runs short. Milk 
can usually be obtained from a farm near one's 
anchorage, but a few tins of condensed milk ensure 
a supply. One's home milkman will usually lend 
a gallon tin in which to fetch fresh milk. Eggs and 
butter may be procured from farms near; also fresh 
vegetables, and sometimes fruit. Candles, matches, 
and soap should not be forgotten. As beverages, 
Rose's Lime Juice Cordial and a store of lemons for 
lemonade are acceptable. The larder can usually be 
restocked at one of the large centres on the 
Broads.” 

Hotels* Hotel-keeping may be made fairlv 
profitable when conducted on sound lines ; but, with 
few exceptions, hotels rarely flourish under joint-stock 
companies. For one thing, there is temptation to 
dishones^ in the management, os well as uncer- 
tainty of goodwill. In an hotel the pervading 
liersonal innuehce, ” the master's eye,” is all potent, 
and under a board of directors t^e manag^r^s hand 
is usually more or l^ held. BHtishers are accused 


of l:H3ing equally inefficient as waiters and private 
hotel-kecjierK ; and women, it is contended, who 
might be supi>oscd fit to undertake hotel manage- 
ment involving housekeeping on a large scale, fail 
to make a success of the concern. Extortionate 
charges, bod or monotonous cooking, want of 
attention, comfort and cleanliness are common 
complaints. Hotel management demands years of 
training and requires ])ower of organisation, a good 
general education, business ability, tact, honesty, a 
pleasing ;>ersonality, knowledge of foreign languages, 
and, of course, adequate capital. 

For cajiable women there is an op|>ortunity in the 
management of temperance hotels, situated preferably 
near a railway station, and sometimes the property 
of the railway company. The manager ne^s a 
good general education, a knowledge of cookery, a 
capacity for housekeeping, also acquaintance with 
bookki'eping and business methods. She will not 
then fall into the error of “ cheeseparing" economy," 
due to want of foresight, ignorance, and timidity. 

Managinig a Temperance Hotel. Tlio 
exterior of a temperance hotel should be bright 
and attractive, its windows clean, its curtains spot- 
less, and its woodwork freshly painted. There 
should be no siqierrtuous furniture, but what there is 
plain and artistic, with one or two really good 
pictures. The bedsteads should bo of modern 
style, and the carjwts or rugs of subst«intial make. 
The manageress greets incoming guests, attends to 
the entry of the luggage, offers refreshments, cora- 
intinicaies the hours of meals, shows the bedroom, 
and sends a chambermaid with "hot water. From 
arrival to dejiarlure, the guest is conscious of being 
served and considered in every way, and is aware 
that every detail of the management is carried out 
with equal efficiency. The manageress is near at 
hand when wanted, never too busy to answer 
questions, and equally able to arrange menus 
economically and sattsfactorily, and to give infor- 
mation concerning the town and district. The hotel 
is not overstaffed, but each i)erson is capable and 
obliging. In the case of a railway temperance 
hotel the cook, housemaid, head chambermaid, and 
commercial room waitress would manage others 
under them. In a small provincial town dairy 
produce is readily obtainable, and the manageress 
would, of course, do the catering herself, and, in the 
event of a garden being attached to the hotel, 
cultivate her own vegetables. In view of the increase 
of motor-car traffic, the coffes-room business might 
easily be improved. Repairs need constantly to be 
seen to, bi*eakageH replaced, linen and other acces- 
sories renewed. A combination of cracked tumblers, 
stumpy knives, torn sheets, and ill-cooked food is 
a pledge of failure. 

Hotel Chargee* It is a mistake to think 
that a large hotel necessarily makes high charges. 
Good temperance hotels in London charge from 
38. fid. for bed-room, breakfast, and attendance. 

Every hotel should Iiave an airival book, with 
spaces for the date, name of client, number of 
room, and entry of letters to bo forwarded. 

In America two systems of charges prevail — (1) 
the American, at two to three dollars a day for 
board and meals ; (2) the EiirofXian, at so much for 
the room, with cost of meals additional. 

The subject of hotel management is so vast that 
only a few points of interest can be touched, end 
the reader's attention is diiected to “Practical 
Hotel Management,” published at 2s. fid. by 
Messrs. Newton & E^eli, a book full of practical 
information and containing an interesting appendix 
on hotel law. 
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Hotel C^terinc* As in all catering, well- 
established, reliable butchers, bakers, and grocers 
should alone be dealt with, the bills being jiaid 
weekly or monthly, and weight and measure checked 
us the provisions are received. It is possible to 
estimate fairly accurately articles of regular con- 
sumption. For instance, for each person per day 
can be re<^oned : Butter, 2 oz. ; loaf sugar, 1 oz. : 
4ea, ^ oz. ; coffee, ^ oz. : bread, under 2d. ; and 
meat, I 4 lb. (including in this allowance meat for 
son^, etc.). A bill of fare posted up every morning 
in the entrance hall with time required for pre- 
paring S]r)ecial dishes has been found serviceable. 

The commissariat department can be made to 
yield a fair profit. Chefs, however, notoriously 
disregard expense, hence various methods are 
adopted to check extravagance : (1) The chef 

controls the kitchen staff and stores, and keeps 
accounts of the latter, which are checked nightly 
by two bookkeepers. He is paid a percentage, 
say 10 per cent., on the profits of the commissariat 
department, and is thus rewarded for economy. (2) 
According to the “ mess system,” the chef, again, 
controls the kitchen staff and purchases stores, 
but supplies them at fixed advance prices to 
visitors, say at one-fifth profit. As he pays for 
rent, hire of kitchen, and plant he is somewhat in 
the position of raessman of a regiment. (3) The 
manager superintends the purchase of stores 
wholesale; these he hands to the chef, who on 
making up accounts at the month’s end Is 
allowed a small commission on profits besides 
his salary. (4) In certain small hotels the chef 
has a requisition book, and every evening enters 
his requirements for the following day. The store- 
keeper has his own book, and accounts are balanced 
monthly. In the two last cases the manager keeps 
control over the kitchen. 

The I«arger Hotel. In a large hotel with a 
staff of 100 to 120 servants the catering for them 
alone involves much labour end separate dining- 
halls ; but under economical management their 
meals need cost little — say. Is. a day. An hotel 
manager needs as much skill to control his little 
kingdom as a general does to command his army. 
In the modern palatial hotel, such as is increasingly 
taking the place of the town mansion of the opulent 
class, one may pay anything froi^ £1 to £10 a day. 
The essential requisites for success arc : 

(1) A big capital — the ground property alone 
may be worth £50,000 to £100,000; (2) suitable 
situation on or near a main thoroughfare, and 
near theatres, clubs, and the best shops; (3) maxi- 
mum of comfort; (4) efficient service; (5) excellent 
cuisine; (0) good sanitary arrangements. 

, The manager of such a gigantic concern ncjds to 
be thoroughly trustworthy, n financier, a linguist, 
a man of quick and accurate judgment, known 
abroad, and practically skilled in ouying provisions. 
He will import from France fruit, vegetables, 
poultry, foie gras ; from Italy, olive oil and eggs ; 
from America, the West Indies, and British 
Colonics, fruit (apples, pears, j>eacho8, pineapples, 
bananas). 

A staff of 200 is common ; it sometimes exceeds 
400 or 600, waiters being in the majority. The 
amount of provisions consumed yearly is fearsome 
to contemplate. One hotel gives meat, 400,000 lb, ; 
chickens 25,000 pieces ; ducks, geese, and turkeys, 

4.000 pieces ; pigeons, 3,000 pieces ; ortolans, 2, (>00 
pieces ; grouse, partridges, pheasants, 13,000 pieces; 
soles, 42,000 lb. ; other fi^, 30,000 lb. ; ham and bacon, 

47.000 lb, ; butter, 47,000 lb., and eggs, 380,000, 


A large hotel should have its model farm, for 
poultry and dairy produce. It is worth while for it 
to.grow its own pot-shrubs and flowers, sinOe the 
bill for these items may amount to a considerable 
sum a year. In every hotel a good plan of the build- 
ing is a necessity ; in fact, one in every room 
would be appreciated, for some general idea of 
the place is wanted in case of fire. To the un- 
initiated the basement of a big hotel is a bewildering 
labyrinth, where kitchens, workshops, engine-rooms, 
store-rooms, bakeries, refrigerating-rooms, pantries, 
and laundry form a maze. 

If the catering department is to prove a success, 
too much stress cannot be laid on the necessitv 
of checking, weighing, and measuring provisions. 
W^ere the chef is indifferent to this matter, abuses 
soon creep in. The ablest cook is often the most, 
extravagant, and extravagance spel's disaster. 
In hot weather special oversiglit of provisions 
is worth the extra trouble involved. Milk, meat, 
fish, and poultiy spoil ; they should, therefore, 
be stored in the coolest, best ventilated rooms with 
northern aspect, and a daily inspection made, 
when any suspicious parts should be removed. 
Cooked and uncooked meat should be far apart. 
A slab of marble with cold water trickling over it 
is best for fish. Avoid light and ({ryness for 
vegetables, which should be obtained ^sh daily. 
Poultry, and all birds, in fact, keep best suspended 
by the legs, with a sprinkling of pepper under 
the wings and legs. An economical cook will make 
potted meats from the remnants of poultry, game, 
ham, etc., so that by the time the man who buys 
the kitchen waste appears on the scene no dishes 
retaining any possibilities need pass into his hands. 

Wasea ot an Hotel Staff, The following 
particulars of wages paid to an indoor hotel staff 
of 72 are given in “Practical Hotel Management” ; 

Housekeeper, aged 40 to 50, £40 per annum and 
laundress. Clerk £60. 

Bookkeeper, aged about 30, £35 and laundress. 
Duties : Writing bills for the previous day, keeping 
day, cash, wages, ledger booKS, etc., and making 
out visitors’ books. 

Office Assistant, aged about 25, £25 and laundress. 

Linen-keeper, aged about 40, £35. Duties : Caro 
of linen, bed-hangings, furniture covers, etc., and 
visitors’ washing. Assistant linen-keepor, £15. 

Two barmaids, aged about 30, £25 each. 

Storekeeper, aged about 25, £20. Duties : Making 
daily lists, assisting in office, linen-room, bar. 
dishing dessert. 

Thr^ chambermaids, one on each floor, £10 
each ; six housemaids, two on each floor, £14 each * 
stair and corridor maid, £20 ; staff -room maid, £18 : 
vaultsmaid, 14s. a week, living out ; basement maid, 
£20; two still-room maids, £24 and £18; kitchen- 
maid, £25 : vegetable-maid, £20 ; pastrymaid, £20 ; 
scullerymaid, £15 ; odd maid, £18 : five laundry- 
maids, £35 to £20 ; panman, 158. weekly. 

Hea^- waiters, 1st and 2nd, £1 la. each per week. 

Two assistant coffee-room waiters, four assistant 
table d’h6t©-room waiters, each 14 r. ; six sitting- 
room waiters, Ifis. each ; steward’s-room waiter 
and pantryman, each 14s. 

Two platemen, £1 Is. and 14s. weekly; two billiard- 
markers, 148. and 78. weekly; two pages, 2s. 6d, 
weekly; hall-porter and second hall-porter, each 
lOs. 6^ weekly : head and assistant oellarmen, £1 10s. 
and £I Is. ; vaultsman and assistant vaultsman, £1 5 h. 
and£l; en^neer, £1 Is.; two night-porters, 15s. 
weekly, witti two suits of liv«a*y; chef, £2 10s. 
weekly ; baker, £1 Is. weekly. 
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■^HE canes of commerce are yielded by plants of 
* the ffcmis Oalamim, climbing palms. The term 
cane is often loosely applied to any form of plant 
with long, slender stems, reeds and small bamlx>os, 
but in this article it is used to denote the products 
of various species of calamus. 

What Canea are Like. The plants yield- 
ing cane are graceful and are either in stunted 
erect bushes or long climbing plants, holding 
firmly on to the forest trees by means of prickly 
tendrils and attaining as much ns 600 ft in length. 
The fruit hangs in clusters and is partly eaten by 
hill tribes, although the bitter-sweet pulp is not 
relished by Europeans. The stems do not often 
exceed 1 in. in oiametor, and when freshly cut 
contain a large quantity, of liquid, which may be 
collected by blowing through short jiicces. The 
roots and young sprouts are eaten as a vegetable, 
and somewhat resemble asparagus. The base of 
the stems is sheathed in leaves, and when collecting 
the cane the natives pull the stems through a notch 
in the trunk of a tree to clear off the leaves. On 
drying the canes turn jrellow. The rattan cane is the 
particular variety with which we are now con* 
corned. It is yielded by Calamus 
roiang {Linn,, Jkoxb,), and is found 
in India, Ceylon, Burma, and the 
Eastern Archipelaco, in parts where 
the soil is rich and moist, and there 
are trees for it to climb on. This 
species yields the best and stoutest 
rattan canes of commerce. 

Uaea of Cane. The meat 
strength and lightness of cane adapts 
it for a great variety of uses. The 
strength of the outer shiny layer, 
due to the silicates it contains, is 
particularly noticeable. Cane is 
used for ropes, cables, walking-sticks, 
spear and lance shafts, fishing-rods, 
basket work, chairs, sofas and 
couches, umbrella handles — as a 
substitute for whalebone — cone 
fabric, and chair-seating. 

An interesting use for oanc, which 
illustrates its len^h and strength, 
is the construetTon in India of 
cane suspension bridges. Carefully 
selected canes, 300 ft. to 400 ft. long, constitute the 
chains, and bridges of that length are often thrown 
across rooky valleys 500 ft. above the water. The 
bridge generally consists of three parallel canes form- 
ing the pathway, the canes being knit together with 
bamboo or bark so as to constitute a band not 
more than 18 in. broad. The railings afford 
additional support and consist of two cancs carried 
about 8 ft. to 4 ft. above the pathway on either 
side. These are hero and there connected by 
pemndicular canes passing under the pathway, 
and the whole structure is bound together by a 
network of bark ropes or smaller canes. With 
the weight of the travellw the bridge bends until 
it is often alarmingly near the water, and to prevent 
the railing closing on the person crossing the 
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bridge, barriers are thrown across at intervals 
about 18 in. above the pathway, similar stays 
being also carried overhead. 

Caiie«nplitting. The practice of cutting 
cane into narrow strips for caning chairs is a 
Euro})eau industry, but it has now been adopted 
in the East. The strips are cut either by hand or 
by machine. The hand method is to fix a sharp 
blade, such as a razor blade, above a bench, after 
the manner of a spokeshavo. The cane is pushed 
through from one side and drawn out the other 
side, taking ^jare to keep the cane tlown on the 
bench, with the thumb protec tetl by a leather 
guard. The cane is first quartered, or split into 
four pieces, each of which is then further split. 
The fineness or coarseness of the strips depends on 
the distance between the bench and the blade. 
It is the outside layers that are used for chair 
seating, the inside part, known as the wisp, having 
other uses which will be alluded to presently. 
The lengths of cane strips are technically known 
as Mlrms and average about 6 ft. long, costing about 
28. 6d. a i)ound, the charge varying according to 
the fineness. The machines for splitting rattans 
work on similar principles to those 
noted above. There are feeding and 
grinding or controlling devices in 
conjunction with the splitting knife. 
The strip is often joined in a con- 
tinuous length and a variety of 
reinforced cane-strip which has a 
filament glued on the back of the 
strip has been introduced to meet 
the demand for machine weaving. 
Maohino-cut strips are very even 
and the central core is left in the 
form of a perfect rod. The wisp is 
sometimes reduced to fibre and used 
for stuffing mattresses. 

Cane-aeating. On examining 
the cane seat of a ohair it will be 
seen to consist of strips from back 
to front and from the side, in pairs 
through each hole in the frame of 
the chair and single strips diagonally, 
the whole interlaced. The strands 
from the bat^k to the front arc tech- 
nically called doublings and those 
from side to side setting, and the others, which, it 
will bo noticed, are a little wider, are the crossing. 
I'he doubling is done first. Turn up tlie chair 
and it will w found that at one place the cane 
goes round the inner edge of the frame and a 
loox> will be seen to denote the starting place. This 
loop is simply formed by turning the short end of 
the piece imder the cane on the top and inserting 
in the hole. To prevent the cane slipping loose as 
the seat is being worked a tool called a aovhler or 
rimer [4] is used. This oonsists of a smooth, steel 
spike, 21 in. long, tapering from a bltmt point to 
/V In. at the tang, and firaly seciured in a short, 
hard- wood handle. It exerts a wedge- like action 
when inserted Into the holes. The cane strip is 
soaked in water for twelve hours to make it pliable 
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and to prevent cracking and splitting when lacing. 
As the cane contracts on drying the result is a 
firmer strand than would be obtained if dry cane 
were used. The end of the cane being held in 
place by the rimer, the cane is taken over to 
the corresponding hole on the opposite rail of the 
frame tind pushed down through it, then up tlurough 
the next nolo and so on till the first strand of the 
doubling is completed. Then work the second 
strand in the same manner. 

Setting and Crossing. Now proceed with 
the ae^iini, but instead of working all round the 
chair with the first strand, before beginning with 
the second pass both together through the holes. 
Now, instead of pulling these across straight to the 
opfx>site hole, they are woven with the doubling by 
passing them alternately over and under each 
strip, for which a c< niiig blade is used. A strip 
of stout tin serves well as a caning blade, ns it is 
merely required to serve as a guide, up which the 
end of the strip of cane is directed, between two 
other strips. The trosain'i is done in the same 
way as the setting with the aid of a caning blade 
but, instead of 
being double, 
single strands of 
greater width are 
used. A spiral or 
oorkscre w - 
shaped needle 1 5] 
is also used for 
the diagonals or 
crossing. When 
both sots of 
crossing are 
complete the 
w e a vi n g is 
finished and the 
worker luis to 
make the cane 
firm by pegging 
alternate holes 
with wooden 
pegs. The |)egs 
are hidden by a 
beading which 
runs round the 
frame over the 
holes. The 
beading consists 
of a strip of cane looped down by another piece 
worked through the holes left free from pegs and 
serves merely to give a finish to the chair. 
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becomes by this means pli ible and is then mashed 
or flattened between a pair of rollers tlu*ough which 
it is drawn. The strips used for cane trunks ai*o 
from J in. to J in. in width and are laid down 
between canvas. 

Other Canes. Malacca canes are obtained 
from Calamus Seipionum Lour.^ a native of Sumatra 
and Cochin C hina. The colour is duo to a smoking 
process to which the canes are subjected. Whangee 
cane is the jointed atom with a portion of tlie 
root of Phylloatachya nigra, but is not a real cane. 
Various kinds of cane substitutes which pass as 
cano are the product of the betel nut palm, the 
palmyra palm or the coco-nut palm. 

Bamboo. The plants that produce bamboos 
are gigantic but graceful grasses of the tribe* 
Banwuaeas, natural order Qramineca, A great 
variety of bamboo trees are known [2] ; Cenerh.1 
Munro has described 170 species, and the botanist 
Kurx has dealt with the species, but much yet 
remains to be done before the subject can be 
said to have been exhausted. The following are 
the more important genera to which members 

of the bnm- 
busea^ Imvr 
been referred ; 
A rundi nariu, 
Mich, ; Bam- 
huaa, Schreh. : 
Oigantochlou, 
Kuril Oxy- 
ten an t h e ra, 
Munro ; Den- 
drocalamua , 
Neea ; Meloca- 
lamua, Benth, ; 
P seudotoata- 
rhyum, Munro ; 
Tei noatachyum, 
Munro ; Cepha- 
Inatac hyu m, 
Munro ; Dino- 
rMoa, Buae.i 
M el oe an n a, 
Trin,; Och- 
landra, Thw. It 
is well, also, to 
indicate briefly 
some special 
kinds of bam- 
boo. B, arundinacem is sometimes called the 
bamboo; B. vulgaria is known as the common 
bamboo, and is common in Java, and cultivated 
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seats, is done" by machinery. One machine produces 
the mat, or foundation, and a second inserts or 
weaves in the diagonal strands. A knitted fabric has 
also been produced ; it is composed of looped cane, 
the outer parts of the loop being indented or 
crimped so as to minimise the chances of breaking. 
Cane in its natural state is easily bent by placing 
it in boiling water or hot sand, or heating by 
means of a (lame [1], This softens the cane, which is 
tied in the position it is desired to assume and 
loft to cool. Ihe enne blinds which exhibit geo- 
metrical designs are prepared in this way. 

Of late years considerable quantities of cane have 
been used in the construction of trunks and dress 
baskets. Such trunks are exceedingly strong and 
stand a good amount of hard usage without injury. 
The central part of cane obtained by stripping off the 
outer layer is softened by soaking in water orlye. It 
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P. nigra, the dark blotches being due 
to some fungus; the edible bamboo is a variety 
specially grown in Japan for food, the young 
shoots being boiled and oaten with cream sauce ; 
the square bamboo is Bamhuaa quadrmgularis 
Fenzi, The last-named variety has been culti- 
vated from a kind which showed an unusual 
tendency to flatten at the nodes. The spiny 
bamboo is B. apinosa, in which buds have 
solidified to spines. Bamboos are found in Japan, 
China, India, and the Eastern Archipelago, 
being both cultivated and found wild. 

What ihe Bamboo is LiKe. The stem 
of the bamboo is practically of the same thickness 
throughout, and, except at the nodes, is hollow. 
Certain special varieties usually of small diameter 
e, however, solid, but for practical purposes the 
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culniB may be regarded as hollow. Bamboos has been 
grOMT in clusters, in clumps, or in a continuous manufact 

mapher. A clump consists of from 30 to 100 cover the 

culms, which attain a height of from 30 ft. to to dimin 

150 ft. The clumps are often so closely packed stock t 

together as to form an impenetrable jungle. material. 
A peculiarity of the bamboo is the rapid growth ploys bar 
of the 3’onng shoot, the shoot increasing 3 in. of his din 
to 6 in. daily, and attaining its full height in other us( 
I I * from 30 days to 3 months. A tinned ar 

ft J peculiarity about the bamboo brushes, 

is that the plant only flowers poles, pcj 

11/ when 25 or 30 years old, and ketwork, 

|S that the flowering is almost ladles’ agi 

I I always followed by the death of piemen ts, 

|ji^J the whole plant. bows and 

|r^ Propagation. The bamboo traps, sw 

' ’ F is propagated either by seed or brella ha 

S hy cuttings, the latter being the ing - stir 
• readiest method. Tlie best way garden p( 

to proceed is to cut from a one- jioles, wii 

year-old stalk one of the nodes fans, and 

- — with its branch, and place it in strumentM 

water in a cool, shady place. with hard 

During the summer, roots f6J is used f( 

will be produced at the node, bamboo 

and in the autumn the cutting creased ue 

8. METHODS is planted in a moist, shady Bamb< 
OP JOINING ground. Later on, when the the chief i 

BAMBOO cutting has made stronger roots, is the m 

it may be transplanted to ojien (dieapand 
ground. If cared for when young, mulched with use — chaii 

leaves, and carefully watered, the bamboo may readily b 
be grown anywhere, some varieties standing different 1 
8^ to 10^ of frost. In Florida, ^ 

the bamboo attains a large 
size. New shoots appear in 
July, and in nine to ten weeks ju ^ 1 " " 

the shoots will often have ^ H /II 

reached a height of W ft. 

Though jiroduced in a few f 

weeks, a stem requires three 6. BAMBOO RHIZOME 

to four years to harden and be- 
come fit for use. If left standing too long, or until Tools 
the stem becomes yellow, it lose^ its elasticity. It A few sp 
is a rule not to cut bamboo till it is four years old. worker ir 


has been recommended as a material for the 

manufacture of paper, but the hard hairs that 

cover the scales and young stems have been found 

to diminish the value of the 

stock as a papermaking 

material. Santos Dumont em- 

ploys bam boo for the framework 

of his dirigible balloons. Some 

other uses that may be men- 

tioned are: whitewash it 


In Japan harvesting is done in August; if earlier, 
the stems are likely to be attacked by insects, A * 
saw is often used in cutting the steins, and after 

cutting they are then cl assi- 

fled, tied into bundles, 
and stacked to dry. / 

Properties and I 

Uses. The many uses of _ 
bamboo make the plant '■ SECTIO^ i 
one of the most valuable RASP 
in the vegetable kingdom. » 

The stems can bo made \ 

into a continuous tube V v 

by an iron rod through ^ 

thsiu, and these tubes can 

bo put to many uses, such 11 

as conveying water. A I 

largo bamboo sawn at the IL 

node makes a useful 

bucket or similar vessel, 

In the interior of the 
hollow stems of some 

bamboos, chiefly Ji, 0 . BENDING l 

dinaeece, a silicious and 

crystalline substance is found, known in the 
bazaars of India as taba/hir^ or bamboo manna. 
Tt is used as a medicine in lung diseases. Bamboo 


0. BENDING BAMBOO 


brushes, carrying- ^ — y 

poles, pegs, j)ins, has- ^ 
ketwork, mats, spoons, V-y 
ladles’ agricultural iin- J 

piemen ts, fishing-rods, I 

bows and arrows, man- / 

traps, sword and nm / 

brella handles, walk- / 

ing - sticks, ladders, J 

garden poles, curtain 4 

,)oles, window blinds, 
fans, and musical in- 

StrumentM. Plugged | 

with hard wood and pointed, hainboo ji 
is used for garden stakes, and Kin all 
bamboo twigs are finding an in- I / 
creased use for jiot training. 1 / 

Bamboo Furniture. One of ^ 

the chief uses of bmnboo in Europe 6. SPIRAL 
is the manufacture of furniture. NEEDLE 

(iieap and durable articles of domestic 
use — chairs, tables, sofas, and the like — can 
readily be made from bamboo, the many 
different kinds and sizes of the rod that are avaii- 
j able making it easy to obtain 
Jr bamboo of any desired struc- 
tural strength. The imported 
bamboo is known in the trade 
/ J I I its colour, such ns tortoise- 

t f ' J shell, natural brown, black and 
f mahogany, some of the fancy 

RHIZOME kinds being artificially pro- 

duced. 

Tools Kequirod in Working Bamboo. 

A few special tools are needed by the bamboo 
worker in addition to a small dovetail saw, 
bradawls, brace and bits, and gluepot. A few 
bamboo rasps are required from J- in. to 2 in. 
diameter [TJ, the distinguishing feature of these 
rasps being the high back. 
'J'hcir purpose is to hollow 
or round out the ends of 
bamboo cniies to make a 
I joint with another cane. 

j m ^ mitre- box [S] is prefer- 

able to the mitre- board 
whore angles have to be 
made. The illustration 
, 8. MITRE-BOX stowing tho joining of 

\ bamboo is self-explana- 

tory. The process of 
bending bamboo consists 
in heating tho outside of 
the bamboo in a smoke- 

\ \ less flame, such as a 

spirit lamp or Bunsen 
gradually 

Hv <^ppiyin8 pressure in tho 
MBOO IfPI direction desired. A bend- 

ing iron such as is used 
for this work can be had for a few pence, and the 
mode of using it is readily grasped from the 
illustration [ 9 ]. 


I Bamboo Work concfmd^ ; followed by Bbetsh-maicing 
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ORCHESTRATION 

A Brief Survey of Orchestral Instruments in General Use. Their 
Compass, Peculiarities, and Limitations. Transposing Instruments 


By PAUL CORDER 


QRCHESTRATION, or instrumentation, is the 
^ art of arranging and distributing music suit- 
ably among a number of different instruments. 
Before we can do this satisfactorily we must know, 
(1) the number and names of the instruments 
at our disposal ; (2) the compass, and, roughly, 
the technical capabilities of each instrument ; 
(3) the quality of sound, or tone^colour as musicians 
call it, of every instrument, not only singly but 
in combination with every other instrument. 
We must furthermore possess such elementary 
knowledge of the theory of music as can be 
obtained by stud3dng the course in this work 
[page 37 J. It will be assumed that the student 
is mmiliar with this. Let us, then, turn our 
attention to the constitution of the orchestra. 

Of the large number of different instruments in 
existence certain combinations only, by a species 


Ex. 1. 


Ex. 2. 


Btxi... 
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Ex. 8. Con fuoco 


of natural selection, seem to have survived, and, 
with sundry modifications, to form the principal 
^pes of orchestra that are now to be met with. 
We may classify these arbitrarily into the full 
orchestra, the small orchestra, the theatre band, 
the string band, the wind band, the brass bands. 
It will not be advisable to analyse these in detail 
imtil we have learned something about the 
instruments that make up the various orchestras. 

All instruments in general use can be grouped 
naturally under one of four heads: Strings, 
wood-wind, brass, and percussion, Thera are, 
however, a few miscellaneous instruments 
less frequently used that defy this classification. 

The stringed instru- 
ments, called briefly the 
Strings, although the 
most important group, 
contain but four mem- 
bers. They are those 
instruments played by 
means of a bow — namely, 
the violin, of which there 
are two groups in the 
orchestra, call^ Ist and 
2nd ; the viola ; the 
violoncello and the double- 
bass, all of which are 
different sizes of what is practically the same 
instrument. 

The wood-wind, which are by no means 
always made of wood, are those instruments 
wherein the sound is produced by means of the 


player’s breath through the medium of a reed 
or other contrivance. The principal types of this 
group are the flute, oboe and clarinet. 

To the brass belong those powerful instm- 
ments of metal whereof the horn, trumpet, 
and trombone are the representative>s. 

The percussion instiuments are, as Ihoii 
name implies, such as depend for their sound 
on being struck. The majority of these produce 
no musi sal n jtts and hence are of comparatively 
little importance. 

Of the varied uses to be made of these we shall 
speak later, after the compass and peculiarities of 
each instrument have been separately described. 

THE STRINGS 

In the first place, then, we must consider the 
strings. 

The Violin. The violin has four strings 
tuned in fifths [Ex. 1]. Ail intervening notes 
arc produced by pressing the fingers of 5io left 
hand on the strings, which are thus temporarily 
shortened, and the pitch, in consequence, corre- 
spondingly raised. The successive use of the four 
fingers on each string will produce a scale of two 
octaves and a third, but, by shifting the hand 
along the neck of the instrument, higher notes 
can be reached, the complete compass being 
nearly four octaves [Ex. 2). The highest notes 
are (ufficult to play in tune and are best left to 
soloists, but it is liard to assign a limit for 
orchestral purposes. Much depends upon the 
pas^e and still more upon the players ; the Ist 
violins in a inodem orchestra are often expected 
‘ to play up to high E, but the 2ndB should not be 
taken above A. 

A slight knowledge of violin playing will show 
that it is not advisable to write quick passages 
containing large skips unless these are to an 
open string, but anything in the nature of a scale 
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passage is perfectly easy provided it is not too 
chromatic (for the same finger has at times to 
play both sharp, flat and natural). It will, 
perhaps, be helpful to give a quotatiem showing 
^at to avoid in pe^ge writing. Ex. 3 
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is exoeed^ly difficult; whereas the example 
below [ 4 ] is not at all hard. 

The violin has (and indeed all the stringed 
instruments have) an immense range of tone, 
from pianissimo to fortissimo^ and that through- 
out its entire compass. 

Unless otherwise indicated each note will be 
played with a separate stroke „ . » 

of the bow. T^is detached f 

bowing is often most effective ; 
in quick passages it imparts 
a very exciting movement to 
the music, although at a 
very high rate of speed it 
is difficult for all the players 
to keep together. If several 
notes are required to be played 
in one bow a slur is used 
over such notes as shovm in 
Ex. 4 , where eight notes are taken to each bow. 
The composer should be careful to mark the slurs 
wherever he requires them. A useful effect is that 
of double-bowed notes, where each note is 
played twice or oftener, by means of short rapid 
strokes ; it is written as shown in Ex. 5. Or 
a further variety of the same kind, called the 
tremolo, requires each note to be repeated as 

6. Allegro 


zitat: 


an arpeg^o form [Ex. 10], but they must be laid 
out precisely as if the notes were to be played 
simultaneouslv. 

' The tone of the violin can be muted by fixing 
a little metal clip to the bridge. This is indicated 
in the music by the Italian words con sordino, 
and has the effect of entirely altering the tone 
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of the instrument. In place of its former 
resonance it acquires a nasal, whining tone 
which on a large body of instruments lias a 
mysteriously beautiful effect, more especially in 
soft passages. It should, however, be used with 
reticence. A few bars* rest must be allowed 
for the players to adjust their mutes, and a 
shorter rest to remove them (senza sordini). 

Another useful violin effect is that known as 
pizziccUo (abbreviated to pizz.). In this the bow 
is dispensed with, and the strings are plucked with 
the forefinger of the right hand, in the manner 
of a guitar. If' discreetly employed it has a very 


Ex. 6. Ex. 7. Ex. 8. Ex. 9. 



rapidly as possible [Ex. 6]. A legato tremolo is 
also used ; it is more effective in piano [Ex. 7]. 
As the two notes must be on one string the 
interval should not exceed a fourth, unless the 
lower one is an open note. 

By inclining the bow so aa to touch two 
adjacent strings, double notes are rendered 
possible, but must not exceed an octave unless 
the lower note is an open one. In any case double 
stops should not occur in quick succession; as 
an alternative the violins may be divided, 
half the players taking each part. Triple and 
quadruple stops are occasionally written, but it 
is advisable to see that one, if not two, of the 
notes are open strings. It must be borne in mind 


that (me finger can stop two adjacent strings 
simultaneouidy (producing a perfect fifth), but 
care must be taken that the same finger not 
required on strings which are not next to one 
an<>ther. The (ffioids in Ex. 8 are impossible, 
while those in Ex. 9 are quite eaey. , Triple 
and quadruple stops may be broken up into 


light and pleasing effect. It is better not to write 
for it on the highest notes, as the tone is hard 
above “ C in alt.” The bow is resumed on the 
indication arco. 

Other violin effects of less importance are 
sul wnticeUo and col l^no. By playing close 
to the bridge a peculiar hissing tone is pro- 
duced, especially in tremolo in the lower part of 
the instrument When col legno is written, 
the string are tapped with the b^k of the bow, 
instead of being placed in the usual manner. 

By lightly touching the string at any aliquot 
part of its length (i, I, etc.) peculiar flute- 
like tones result, known as narmonics. The notes 
will not necessarily be those which would result 
by stopping the string 
at the same point. 
Half the string gives 
its octave (similar to 
the stopped note) ; a 
third part will sound 
a twelfth above its 
open strii^; a fourth part gives the double 
octave, this position corresponding with the third 
finger stoppra note, and m>m this last fact has 
been developed what are called artificial har- 
monies. Since lightly touching the string with 
the third finger gives a harmomc two octaves 
above the open string, by stopping a note with 
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the' first £nger and touching the string with 
the fourth the harmonic will be two octaves 
above the stoppoa note ; and by sliding the 
hand into higher positions^ ana proceeding 
similarly, a complete scale in harmonics can be 
played. In the orchestra harmonics -(especially 
artificial) must be used with extreme care. The 
method of indicating them is rather uncertain ; 
but natural harmonics are best marked with a 
crircle over the note [°] ; for artificial ones, both 
the stopped note and the touched note are 
generally written, the latter with a square head, 
and sometimes the result is likewise shown. We 
give an example [Ex. 11]. 

The Viola. The viola is a larger-sized 
violin, having its strings tuned a fifth lower. 
It usually takes the tenor part of the string 
quartet-^the second violins supply the alto. 
Nem’thelcss, it has valuable qualities as a 
melodic instrument, and if it is seldom allowed 
to fulfil this function, it is solely on account of 
the paucity and weakness of viola players in the 
majority of orchestras. 

Music for the viola is written in the alto clef, 
except for its highest notes. Its compass in the 
orchestra is about three 
octavos [Ex. 12]. Its 
tone is inferior to the 
violin, besides being far 
less penetrating, and it 
requires great care, if 
it is given a solo passage, 
to enable it to stand out 
from the rest of the 
strings. 

All that has boon said 
of the violin will apply 
equally to the viola, ex- 
such as concerns its 
actual pitoii. It is well 
accustomed to double 
and triple stops for the 
purpose of filling in the 
middle part' of the harmony, but it is less 
advisable to divide them, except for a special 
effect. 

The Violoncello. The violoncello has its 
strings tuned an octave below the viola, but it 
has a larger compass than that instrument ; 
indeed, it is bard to fix a limit to the ’cello’s 
liigh notes as a solo instrument, but for orchestral 
purposes it is best kepi within the compass 
shown in Ex. 18. Three different clefs are used 
— the bass, tenor (not alto), and, for the highest 
notes, the treble. Owing to the greater len^h of 
the strings, the distance between the notes is 
about double that of the violin, and, in conse- 
quence, fewer double stops are available, nor 
are they so effective as on the higher-toned 
instrument. 

The normal function of the ’cello is the beiss 
of the string quartet, but it has such a sonorous, 
mnging tone in its higher register that it is 
invaluable for melodic purposes in the orchestra. 
W^ner and other composers have sometimes 
written harmony for ’cellos in four and five 
parts, and the effect is extremely beautiful. 
Mutes may be used on the ’cello, and the other 
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effects described for the \nolin (including natural 
harmonics) are also available. 

The Double«baes. It was formerly thc^ 
custom for the double-bass and the ’cello to play 
from the same part, the effect being to strengthen 
the boss of the harmony as suppli^ by the ’cello, 
for the bass always sounds an octave below its 
written notes — and, although it is still usual, to a 
large extent, to find the bass and ’cello playing 
together, ^tkere are many occasions on which 
they require to be quite independent. 

There is some uncertainty as to the tuning 
of the double-bass. The three-stringed instru- 
ment. which is now seldom seen, was tuned as 
shown in Ex. 14. The bass in most frequent use 
in this country is the four-stringed one, the 
tuning of which is generally given as in Ex. 16, 
sounding an octave lower ; but of late years 
double-bass players have been accustoming 
themselves to tune the fourth string down to D. 
This is a great convenience in the many works 
where notes below E have been written. For 
oomposers have always disregarded the compass 
of the bass ; Beethoven and others have fre- 
quently written it with the ’cello down to G, 
necessitating awkward 
alterations of his parts. 
The upward limit should 
not exceed that given 
in Ex. 16. 

The tone of the bass 
is rather thick and 
“ woolly,” and it is 
better to have some 
other instrument play- 
ing with it (in the 
cxjtave above), unless 
the peculiar effect of 
double-basses alone is 
desired. Rapid passages 
are for the same reason 
ineffective, besides being 
difficult. 

Double notes, besides being difficult to play, 
are quite ineffective so low down, and it is more 
advantageous to divide the basses on the rare 
t^ccasions when more than one note is required 
of them. The two effects of tremolo (bowed) and 
'pizzicato are even more useful than on the violin, 
but it should be remembered that a tremolo con- 
tinued for any length of time is excessively 
fatiguing to the player. A pizzicato bass may often 
be employed while the rest of the strings are 
playing arco to produce a light and pleasing bass 
to the harmony. 

THE WOOD«WIND 

We have now arrived at a consideration of the 
instruments that come under the head of Wood- 
wind. The chief varieties may be tabulated thus : 
Flute, oboe, clarionet, saxophone, bassoon, and 
their numerous varieties. Before entering upon a 
description of these a few words concerning 
transposing instruments will not be out of place. 
This is a matter that causes endless confusion to 
the student of the orchestra, but if be will take 
the trouble to grasp the principle underlying 
this practice he will cease to consider it as an 
Ipigeniously-devised puzzle, and will realise that 
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the cuBiom has some practical use, although less 
now than formerly. 

Briefly, then, the matter stands thus. A stand- 
ard instrument having been made which gives 
normally the scale of C, accidentals being pro- 
duced by means of extra keys, it is said to be in C, 
at normal pitch, and gives sounds corresponding 
to the written notes. If another instrument be 
made, similar but of larger size, so that the keys 
that corresponded to Uio scale of C with the 
standard instrument now sound a scale of F, a 
fifth below, this instrument is s^id to be in F, a 
fifth below pitch. And by writing the notes as 
if they were to be played on the C-type (a fifth 
higher than they sound), the same player can 
use either instrument with equal facility, or any 
other of a different pitch. In other words, the 


There is a flute of half the normal size and 
having a pitch an octave above the concert flute, 
called the Piccolo, The two lowest notes are 
wanting, and the very high notes are so shrill 
and hard to play as to be of little use. Its 
compass is given in Example 17. The music is 
always written an octave lower than it sounds. 
The lower octave is weak ; in fact, the chief use 
of the instrument is to continue the high notes 
of the flute. It should be used with reticence, 
and it will sometimes be found effective in 
brightening up a tutti. 

Other varieties of flutes, such as those used in 
military bands, need not here be considered ; 
but a bass flute in 0, a transposing instrument 
a fourth below pitch, may be mentioned, though 
it is but seldom met with. 


Ex. 16. 
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Ex. 17. 
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Ex. 18. 


composer has to transpose the music at his 
leisure to save the player the trouble of doing so 
at sight. The student will jM^rhaps more easily 
comprehend the necessity for this if he imagines 
himself accompanying a violinist on a piano 
that has been tuned a semitone too high ; it will 
save him infinite trouble if his music is transposed 
half a tone lower, so that he appears to be playing 
in B while the violinist performs in C, and he will 
then have a good example of what happens in 
the orchestra with a transposing instrument. 

The Flute. The flute is a cylindrical tube 
of wood or metal (occasionally of other material), 
about 2 ft. long, whose source of sound is the 
column of air contained in it. This is set in 
vibration by the player blowing across a hole 
provided for the purpose. Other lioles in the 
instrument are covered and uncovered by means 

Ex. 21. 


Ex. 19. Ex. 20. 
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The Oboe. The oboe is sometimes called 
the hautboy, which is a corruption of the French 
“ Hautbois.” This instrument differs from the 
flute chiefly in the manner of producing the 
sound. This is by means of what is called a 
double reed, which consists of two thin slips of 
cane placed close together and connected with 
the wooden cylinder of the oboe. By blowing 
through the reed, the air in the tube is set in 
vibration, and the penetrating nasal tone 
peculiar to the oboe is produced. The fingering 
and mechanism are of the same typo as for the 
flute, but its compass is less extensive [Ex. 18]. 
The low B!? is not found on all instruments. 
The tone of the oboe is Jess suited to rapid pas- 
sages, which, however, it is quite capable of 
performing, than to a plaintive melody, and, from 
its connection witli the ancient shepherd’s pipe 



of pads and keys attached thereto, which are 
operated by the fingers of both hands. By this 
means a complete chromatic scale for one octave 
is produced. By the adroit management of the 
player’s breath, these notes can be made to sound 
an' octave higher, and oven a third octave can be 
obtained with cross fingering. Example 16 
shows the complete compass. The two highest 
notes are difficult and very uncertain. 

The flute has great facility of execution ; 
shakes, scales, chromatic and otherwise, present 
but little difficulty ; but, except in the extreme 
high notes, its tone is not powerful, and in a 
tuUi it is quite inaudible. The term tutU, it will 
he rsmembered, is used to denote a passage 
wherein the whole orchestra is employed, such 
passage being almost invariably loud and full. 
With a sufflciently light accompaniment, its tone 
in the lower register is singularly pure and sweet. 

1 I G 


it is used frequently for music of a pastoral 
character. 

There is a larger sized oboe in F in frequent 
use, which usually goes by the name of the Cor 
Anglais ; the equivalent, “ English Horn,” is 
seldom used for fear of confusion, since the 
instrument is neither specially English nor (most 
certainly) a horn. One feels tempted to wonder 
why the name AUo Oboe was not thought of till 
too late. Its tone is similar to that of the oboe, 
but even more hollow and nasal — the lower notes 
especially so. It is a transposing instrument, 
sounding a fifth lower than the written note ; 
we give the compass [Ex. 19]. Quick passages are 
quite unsuited to this instrument. 

The Clarionet. Although bearing some 
resemblance to the oboe, the clarionet hik many 
points of difference. Instead of the double reea, 
it is furnished with a somewhat stouter single 
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rood, which vibrates against a hollow box shaped 
suitably for a mouthpiece. It has, furthermore, 
this important difference : instead of its primary 
compass being an octave, as with the flute and 
the oboe, the clarionet overblows at the tw'elfth — 
that is to say, in its second register each key 
sounds a note a twelfth above iU primary soima. 
The full compass is over three octaves [Ex. 20]. 
Its tone in the lower register is exceedingly rich 
and mellow, which fact is attributed to the single 
reed. The second register is brighter, yet still 
rich and pleasing, and the high notes are oven 
inclined to be shrill ; but just in the middle, at 
the break in the registers, there are a few notes 
of rather inferior quality. It is, of eoui*se, 
impossible to avoid this part-, but it should be 
borne in mind that a passage such as that shown 
in Ex. 21, will not only be uncomfortable to 
play, but will show the instrument to the least 
advantage. 

It is unfortunate that the clarionet at normal 
pit('h has fallen almost 
entirely into disuse, the hx^22. 

two most generally 

written for nowadays I (fK “frj" T rg^' , 

are the and the A ^ ^ 
clarionets. The former, ^ 

perhaps the more popu- ^ 

lar of the two, is a tone 

below pitch, and the ^ q 

compass is therefore a ^ ^ 

tone Ik»1ow that given I TO- \ / - 

in Ex. 20. The A ly 

clarionet effects a corre- 
spending transposition. Ex. 25 ^ 

sounding a minor third y— 

Ixslow the writtxm notes, r j) " -x 

It is customary among — ■ 

composers to use (arbi* ^ - Ti 

trarily) the clarionet * 

when writing in flat 

keys, and the A for 

sharp keys ; but some ^ ^ 

players prefer to use 

the instmment for : Cf ■ 7 — T": 

everything, to save ^ 

themselves the trouble 


Ex. 25 


Ex. 27 


Unless otherwise stated, it may be assumed that 
all the varieties of clarionet have the same 
wTitten compass. 

The finest of all the clarionets, apart from the 
standard A and B7 instruments, is undoubtedly 
the Basts Clarionet. It is usually made in 
(though composers have sometimes written for 
it in A and 0), an octave below the ordinary 
clarionet; but, true to the conditions of trans* 
posing instruments, and despite the fact that tha 
ordinary clarionetist cannot play it offhand, the 
compass is given as shown in Ex 23. This sounds 
a major ninth lower [Ex. 24]. The low E 9 key is 
usually provided so that the A clarinet may bo 
dispenst^ with. It is a pity that this fine 
instrument has not obtained a more permanent 
position in the orchestra, but the student is 
earnestly advised to write for it if there is the 
remotest prospect of its l)eing provided. Its 
low notes are exceedingly full and rich, it has an 
invaluable melodic quality in the bass and tenor 
register, and it blends far better with the 
rest of the wood-wind, and forms a more 
rqn satisfact^)ry bass to it than does the bassoon. 
^ On account of the length and weight of 
the levers and ke 3 rs rapid passages are 
difficult, besides l)eing ineffective ; the 

y, ^ sombre tone of the 

Jtx. instrument is far more 

Q suited for sustained 

: work. 

■3^, There is said to be 

an instrument still an 
octave low’er, called the 
Ex. 26. Pedal Clarionet, but few 

^ people appear to have 

— — n or heard of it. 

— r : The Saxophone. 

1 - 7 — y ^ reference to this 

instrument will suffice, 

tjx. J5. heard in the concert 

orchestra. 

-1 ^ \ u The saxophone is a 

-- — species of clarionet, from 

which it differs in having 
a conical l)ore instead 


Ex. 26. 


Ex. 28. 


of carrying about the two, tlius disregarding 
the composer 8 directions ; instruments are now 
made with a low E7 key, so that the compass 
shall be equal to the A clarionet. 

The clarionet has considerable facility of execu- 
tion ; arpeggio passages arc more suitable to it 
than to most wind instruments, and, with the 
exception of a few awkward shakes [Ex. 22], it has 
unbounded command over its whole compass. 

There ai'c scvt^ral varieticii of clarionets beside 
those alrciwly mentioned that are occasionally 
found in the orchestra. A high clarionet in E a 
minor third above pitch, and one in D, have been 
used by Richai’d Strauss and others. The tone of 
both those instruments is shrill and unpleasant ; 
they should only be uswi for. special effects. 
More usidul are the lower pitched instruments. 
One in F, a fifth below pitch, is sometimes called 
the Basset Horn ; it is a great pity that it is so 
little used. It is made' with extra keys, which 
extend its eomi^ss down to C (written note^ 
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of cylindrical. This fact accounts partly for its 
tone, which is fuller and coarser than the 
clarionet's. It is made in metal, and in six sizes 
for concert use : 

8opranino in F, a fourth above pitch. 

►Soprano in C, at normal pitch. 

Contralto in F, a fifth below pitch. 

Tenor *in C, an octave below pitch. 

Baritone in F, a twelfth below pitch 

Bass in C, two octaves below pitch. 

There is also a similar series in E !? and B !? 
for military u.se. 

The compass, as regards written notes, is 
shown in Ex 25. These are the actual sounds 
only of the soprano saxophone in C. They 
all overblow at the octave, not at the twelfth, 
like the clarionet. 

The Bassoon. The bassoon is an insttu- 
ment of the same type as the oboe, played in the 
same msmner with a double rood. It usually 
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forms the bass of the wood* wind, but its com- 
pass is so extensive that it is well able to fulfil 
other functions than this. Music for the bassoon 
is written in the bass and tenor clefs [Ex. 26'J. 
It is quite possible to obtain notes above this, 
but it is rather dangerous to write such for the 
orchestra unless the player is above the average. 
Unless the bassoon is well played its tone is apt 
to sound coarse and harsh ; on the lowest notes 
it is next to impossible to play really jnam (some 
players never succeed in doing so on any part 
of the instrument). The best part of its compass 
is shown in Ex. 27. Tt is well able to play 
((uick passages, but these, if written low down, 
sound grotesque and even comic, which fact has 
boon te.ken advantage of, more especially by 
Beethoven. 

Till* double bassoon is an instniment of 
t wice the length, folded in four for convenience, 
and sounding an octave bclow^ the bassoon, but 
with a more restricted compass [Ex. 28]. These 
notes all sound an octave lower than written. 
What was said about the lower notes of the 
bassoon applies still more strongly to the double 
bassoon. Its only use is to rcdnforce the bass of the 
wind harmony (which it does very inefficiently) ; 
but unless doubled in the octavo above its lowest 
notes are quite indistinguishable, and the clatter- 
ing, of the reed is all that is sudible. The pedal 
clarionet would be a vastly more useful instru- 
ment. 

THE BRASS INSTRUMENTS 

We now arrive at the third group of instru- 
ments. There are so many of these used only in 
military and brass bands that we c!an spare sjiace 
to consider but a selection of the most useful. 
Those which appear in the concert orchestra 
are the horn, trumpet, cornet, trombone, and 
saxhorn, or tuba. 

The Horn, or French Horn. This 
imyiortant and useful instrument consists essen- 
tially of a tulxj of brass about 8 ft. long, of conical 
bore, coiled up for convenience, and furnished at 
one end with a mouthpiece, also conical but 
inverted, the other end opening out into a 
wide “ bell.” By means of varying the pres- 
sure of the air that issues from the player’s 


The 2nd piston lowers the pitch 1 semitone. 
The 1st piston lowers the pitch 2 semitones. 
The 3rd or 1st and 2nd combined. 3 „ 

The 2nd and 3rd combined, 4 „ 

The Ist and 3rd combined, 5 „ 

The Ist, 2nd, and 3rd combined, 6 „ 

By this means all the gaps in the harmonic 
series can Iks filled in, and a complete chromatic 
scaI© obtained. 

We have now to attempt an explanation of a 
very puzzling matter. Before the invention of the 
valve mechanism just described there was no 
moans of altering the pitch of the harmonic 
series except by adding a fresh coil of tube, 
called a “ crook,” which merely had the effect of 
producing the same series of harmonica in 
another key. Therefore the composer had to 
direct his horn players to crook their instru- 
ments in whichever key would give him the 
most useful notes ; and by having several players 
with differently crooked horns it was possible 
to obtain an approximate diatonic scale, at all 
events in the upper part of the instrument. 
For the convenience of the player the part was 
always written as if for a horn in C, but the sound 
varied according to the crook. The clumsy 
practice has been rendered quit© useless with 
the advent of the valve horn, but it is necessary 
to refer to it, as the custom of crooking horns in 
various keys still continues to some extent. 
But the majority of modem composers write 
almost exclusively for the valve horn in F, as 
this crook has shown itself in many ways the 
most satisfactory. It will Ix" useful, therefore, 
to give the compass of this instrument with the 
fingering [Ex. 30]. If the student w ishes to write 
for horns crooked in other keys, he should re- 
meml>or that the key-note is alw^ays wTitten as 
and the other notes correspondingly transposed. 

The tone of the horn is veiy pure and sw^eet ; 
it is rather a slow -spt'aking instrument, and rapid 
passages aiv. for the most part, ineffective and 
difficult. I^rgo skips should be avoided, also, 
and ungainly progressions of all descriptions ; for 
eaidi note has to be formed by the varying air- 
pressure, wherefore the player must roalisi^ 
l»eforehand the sound he is to produce. A safe 
rule is to write for the horn as if for the voice ; 


lips the series of notes given in Ex 29 is 
produced. This is termed the scale of natural 
harmonics. 

The modem horn is, furthermore, furnished 
with a mechanism consisting of a series of extra 
lengths of tube ^ 

and valves so ^ -O. 

contrived that on 

depressing one or 

more of three ^ 

pistons attached 30. i i 2 

to the valves those | j j | 

main air-column, by i i ' 

this means lowering 

the pitch of all the ^ o I. s. o 

harmonic series J. | i, ^ 

from one to six ^ p . 

semitones. ^ 


vo<*al music will always Ik? easy to play. The 
highest notes, to be effective, should be carefully 
“ led up to,” not approached suddenly, as there 
is always some uncertainty attending their 
}>roduction. 
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A “ first ” horn player accustoms himself to 
the higher notes, and should seldom be taken 
below middle C, whereas the “ second ” horn 
is used to the lower notes, and is generally unsafe 
more than an octave above this. When four 
horns are used in the orchestra they should be 
considered as two pairs — that is, the third horn 
should be above the second. 

For some occult reason, it is customary to 
write horn (and trumpet) parts without key 
signature, marking in the accidentals as they 
occur, and if anyone is bold enough to break 
away from this tradition he must expect to hear 
an unusually liberal supply of wrong notes. 

A curious effect can 
be produced on the bom 
by inserting a pad in the 
bell of the instrument, 
partially blocking it up. 

This is called a mute 
{sordino), and its use en- 
tirely changes the horn's 
charactorisfic tone. 

Played piano, an otheroal, 
far-away sound results ; 
in a forte the tone be- 
comes terribly sinister, 
and of a quality that 
must bo hoard to be appreciated. Incidentally, 
the use of the mute raises the pitch of the horn 
(or, according to some authorities, lowers it) ; 
but this is a matter which concerns the player 
more than, the composer. These stopped notes, 
as they are called, are often indicated by a small 
cross ( 4 ) over them, or a passage of any length 
would bo marked con sordino. 

The Trumpet. The trumpet is an instru- 
ment of the same character as the horn, but with 
a tube of half the length, and consequently a 
pitch an octavo higher. The brilliant tone of the 
trumpet is said to be due t-o the shape of its 
mouthpiece, which is hemispherical, or cup- 
shaped, instead of conical. It is generally written 
for in F, a fourth above pitch, though it may, 
like the horn, bo crooked in other keys. It is 
provided with a similar valve mechanism. 
Example 81 gives the compass. Some players 
can obtain higher notes, but they are very shrill 
and overpowering, even if well played. It is 
more agile than the horn, though less so than 
the comet, next to Ikj described. 

The trumpet may >h* muted in the same 
manner as the horn, and with a similar result as 
to its tone in forte. 

On account of the smalhiess of its bore in 
proportion to its length it is impossible to sound 
either the fundamental note or the first harmonic, 
and its brilliancy is partly due to the fact of its 
notes being produced from the upper hannonics. 

The Cornet. The comet, on the other 
hand, has its tube half the length of the tmmpet, 
and, as its bore is larger, it makes use principally 
of the lower notes of the harmonic series. 
Although this necessitates the sacrifice of much 
of the trumpet’s brilliancy, yet this is in some 
measure compensated for by the increased 
facility of execution. Hence it is far easier to 
find a good comet player than a fair trumpeter, 
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and, except in the full orchestra, the comet has 
to a great extent supplanted the older instru- 
ment. The comet is usually made in Bt?, with 
a crook to convert it into A, which is useful 
when sharp keys are employed. These trans- 
positions correspond to those of the clarionet ; 
its compass in the orchestra is given in Ex. 82. 

A good player can perform wonders of execu- 
tion upon it — shakes, scales, and cadenzas present- 
ing but little difficulty. One special effect may 
be mentioned, that of a quick repetition of a 
note, called double-tonguing. This is analogous 
to the double-bowed notes of a stringed in- 
strument, but the effect is more staccato. 

The Trombones. 
liiX. 82. trombones are the 

A most powerful of all 

■ y \ — H the brass instraments. 

\ y — " same 

tJ -4/^ type as the tmmpet. 

Written notes. hut the mechanism for 

altering the length of 
the tube is different. 

P Instead of the valve 

yT ' — \ and pistons of the other 

■, !j4 brass instmments, the 

trombone is provided 
with a sliding elbow-joint 
(similar to the tunin/? slide of a horn), by means 
of which the pitch may be lowered from I to 6 
semitones. There are supposed to be three 
sizes of this instmment in use at the present 
day — ^the alto in E!?, the tenor in B7, and the 
Bass in F. But experience shows that the alio 
and bass arc very seldom forthcoming, the 
tenor trombone being that most frequently met 
with in this countiy. Their compass is shown 
in Ex. 88 (alto), 84 (tenor), 85 (bass). For 
some entirely inexplicable reason the trombones 
are not considered as transposing instmments, 
but the actual notes arc written. t is usual to 
write for two tenor and a bass tuimbone for 
the concert orchestra, although, at before ex- 
plained, the latter will probably he substituted 
by a third tenor trombone. 

Despite their immense power when playing 
forte the trombones have a considerable range 
of tone, and their pianissimo is very beautiful 
and dignified. 

It will be seen that the slide of the uombone 
is less adapted to quick passages than the valve 
mechanism, but the trombone would be un- 
suited to rapid movement, as its tone is heavy 
and slow-speaking. 

The Saxhorns, or Tubas. These in- 
stmments are similar in constmetion and effect 
to the comet. They are made in seven sizes, 
and are mostly written as transposing instm- 
nients. The four highest are used only in 
military bands, and need not be considered hero. 
The remaining three are these: 

The Bass Tuba in B7, called also the 
Euphonium [Ex. 86]. 

The Bombardon, or Bass Tuba in E b [Ex. 87]. 

The Contrabass Tuba in Bb [Ex. 88], 

Tne compass given is for the best part of the 
instmment, but some lower notes can be obtained, 
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especially on the highest of the three, and 
occasionally a few noU‘S above the written G, 

The Bp bass tuba, or euphonium, ia the 
instrument most generally used to form the 
bass of the trombone harmony in the concert 
orchestra. On these occasions composers have, 
for no particular reason, abolished transpositions, 
and written the actual sounds for this instru- 
ment. The remaining brass instruments may 
be ignored by the student for iome tim<^ to 
come. If he can acquire a knowledge of those 
described in those pages, he will have cleared 
away much of the confusion that always sur- 
rounds this subject in the mind of the beginner. 

INSTRUMENTS OF PERCUSSION 

This, the fourth group of instruments, need 
not detain us long. The majority of them have 
but limited capabilities, and need to be used 
with extreme reticence. We will briefly describe 
the following : timimni, bass drum, side-dnxm, 
cymbals, triangle, tam-tam, bells and carillon. 
There are many others, but not of very great 
importance. 

The Timpani, or Kettle-drums. These 
instruments enjoy the distinction of being the 
only variety of drum producing a musical note 
of definitt' pitch. In constmetion they consist 
of a hemispherical body of copper, the ojxm end 
covered with vellum which can be strained 
more or less tightly by moans of screws placed 
round the circumference, thus giving notes of 
varying pitch. There are usually two or throe 
in an orchestra ; the compass of the largest is 
given in Ex. 39, and of the smallest in Ex. 40. 
If there is a third drum, it is usually of medium 
size. The drums are 
jdaycni with a pair of 
light, elastic sticks with 
a head of felt or rubber. 

When used very rapidly 
alternately, the effect 
produced is called a roll. 

It is written as shown in 
Ex. 41. it has almost 
the effect of a continuous 
sound, is equally 

effective m ptano or 
fone. It will be obvious 
that each drum can only 
play one note (unless 
a change of tuning is 
effected, a process re- 
quiring some little time). 

They shcjuld, therefore, be tuned at starting to 
the notes most wanted during the composition. 
Tlie older composers most naturally required 
the toni<! and dominant of the key, but this is 
by no means always the case with modem 
music. If a change of tuning is required in the 
middle of a work a sufficient number of bars 
rest (some 20 or 30 seconds) must be allowed 
to effect this, and the indication written, 
“ Muta — in — ” naming the original note and 
the fresh one required. If the student desires 
to know how to write effectively for the timpani, 
let him study the scores of Beethoven’s sym- 
phonies, notably Nos. 4 and 9, and he will 


understand how its limitations can bo turned 
to account in the hands of a great composer. 

The effect of double notes on the drums (one 
stick to each dmm) has been tried, but it is not 
particularly effective, and Berlioz’s directions 
requiring sixteen dmms whereby full chords arc 
to be played are most certainly not worth the 
trouble. It is possible to mut-e the kettle-drum 
by laying a cloth on the drumhead, but the 
effect is little used. 

Quite recently a pair of chromatic drums 
have been introdiiciHi in London ; they arc 
provided with mechanism enabling them to bo 
tuned instantly to any note. This should prove 
a groat 

The Bass Drum. Tlie bass drum is an 
instrument familiar to everybody. If properly 
made it should produce a sound of indelinito 
pitch. It should be used with great reticence, 
and not 1x5 permitted to degenerate into a rnerc^ 
noise- maker. A stroke pianiaaimo can at times 
bi5 usixi with beautiful effect, and the roll, which 
is preferably played with timjxani sticks, is 
occasionally useful. 

The Cymbals. The bass drum is often 
associated with the cymbals. These are circular 
plates of hammered brass, which are clashed 
together, and arc capable of producing a sonorous, 
metallic clang that is impressive if right-ly 
employed. In theatre bands (particularly during 
the pantomime season) one cymbal is fixed to 
the bass drum, and the player wields the other 
with his left hand while with the right he holds 
the diiimstick. and with these two instruments 
ho punctuates the first of every l)ar. This 
inartistic treatment is only fitted for circus 
music and the like, and 
should be severely dis- 
couraged by the 
musician. 

A charming effect 
may sometimes be had 
by playing the cymbals 
pia7iwsi<Ki [see the 7 th 
No. of Tschaikowski’s 
Casse - Noisette Suit(\ 
which is a revelation 
of what may bo done 
with percussion instru- 
ments]. A roll on 
a cymbal, performed 
wuth a pair of drum- 
sticks, pnxluces a very 
weird and sinister 
effect ; or the cymbal may be hit with the 
stick. 

The Side-drum. The side-drum is not 
often required, except to impart a military flavour 
to music. It is chiefly employed for the roll, 
which is of thrilling effect, tind has a range of 
tone from ppp to ///. 

The Triangle. The triangle is a rod of 
hard steel, Ixent in the form of a triangle. It is 
struck with a short steel rod, and emits a clear, 
bell-like note, which should have no definite 
pitch. Its occasional use has the effect of bright- 
ening up the music ; but, as with all percussion 
instruments, it must be sparingly employed. 



Ex. 89. 




Ex. 36. 



Ex. 88. 



Ex. 40. 
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Tam-tam. Mention may be made of the 
tam-tam, or gong, which is still more rarely 
used, and the various devices for imitating bells. 

Tlie deep tone of a church bell is very accurately 
reproduced by means of steel tubes, which arc 
suspended and hit with a mallet. 


GlocKenapiel, For a higher pitched in- 
strument with 
a clear, bell- Ex. 41. 
like tone, the ■ 

glockenspiel or — 
carillon is cm- 


or 




ployed. This 

instrument consists of a scries of steel bars 
suspended in a frame, and hit with light wooden 
hammers. A large number of these bars can 
be obtained [Ex. 48], so that it is possible to 
play a complete melody on this instnimcnt, 
although it is not often advisable to d<^ so. 
Its effectiveness would seem to be in inverse 
ratio to the frequency of its employment. 


The Celefita. A somewhat similar instni- 
ment, though with a far purer and more liquid 
tone, is the celesta. This is furnished witii a 
keyboard like a small pianoforte, so that chords 
and rapid passages are quite within its capacity, 
and are most effective besides. Its compass 
is given in Ex. 42. One of the most notable 



Of the miscellaneous instruments not included 
in any of the pro»'ding groups, tlic only one of 
importance is the harp. 


raised a semitone to A t, and can be retained 
so as long as desired. On still furtlier depressing 
the pedal, they are converted into A jf. The 
remaining pedals perform the same operations 
for the other degrees of the scale. It will thus 
be seen that a chromatic scale can only be played 
as fast as it is possible to depress the pedals, and 
this “ footwork ” is rather slow and clumsy, so 
that many of the passages written by Wagner 
in “ Die Walkiire ” and elsewhere are practically 
impossible. 

On the other hand, diatonic music is equally 
easy in any key, and especially wide-spread 
arpeggios, which no other orchestral instru- 
ment can play satisfactorily, are just what the 
harp can best undertake. Two effects peculiar 


Ex. 42. 2 8ve8... Ex. 43. 
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to the harp deserve mention. If the pedals are 
arranged C, D It, E t>. F S, G !>. A, B S. and tlu> 
linger drawn rapidly across the strings in thi^ 
manner called ylissando, the effect on the ear 
will be as of a very rapid and evenly executed 
arpeggio of the diminished seventh [Ex. 46]. 
All diminished sevenths, and some other cliords, 
winch the student can ascertain for himself, can 
be piayed thus glissando, and the effect is very 
striking. Another interesting effect is that of 
harmonics. By lightly touching any string in the 
middle it can be made to sound an octave higher, 
and with a curiously altered tone. Tliis should 
be indicated in the music by a little circle ('*) 
over the notes to be thus played. 

It must be observed that the tone of the harp 
is never strong, and is easily overpowei'ed by the 
orchestra ; especially is this the case w^hen playing 



The Harp. Tliis instnimcnt has its strings 
tuned to tlie diatonic scale of 0 its 48 strings 
producing the notes between the following 
extremes shown in Ex. 44. A series of seven 
pedals in the base of the harji is connected 
with an ingenious mechanism, whereby, on 
depressing one pedal, all the A ^ strings are 


in its lower octaves. This smothering of the 
harp is the prevailing fault of German composers, 
and one must turn to France to find really 
effective harp writing. 

The Pianoforte and the Organ are so rarely 
used as orchestral instruments that it is not 
necessary to do more than mention them. 


Continued 
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WORK IN THE SHIPYARD 
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General Arrangement of the Shipyard, 

26 

Laying the Keel, Making the Frame 
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By Dr. J. 

Position of Shipyards. Many points havo 
to be considered in deciding upon the most 
suitable situation of a largo shipyard. Jn order 
that a yard may possess a high degree of eflfi- 
eieney it is necessary that it should be within ready 
aeeess of the chief raw material used in the pro- 
diu-tion of ships — namely, iron or steel. It is also 
desirable that a convenient supply of coal should 
l>e at hand. The transjjort of these items forms no 
small part of the cost of a sliij), and the yard which 
is far removed from the source of supply of these 
necessities is at a great disadvantage compared 
with those nearer. Not only are the direct transit 
ex|>enses heavier, but there is additional chance of 
delay in delivery, and delay means exiamse. The 
ideal situation of a shipyard is therefore in the 
midst of an iron and coal i)rodueing locality. 
Failing this, the next best arrangement is to lay 
down the yard at a phue where there is cheap 
transit facilities — say, by sea — to the source of the 
raw materials. Another very important considera- 
tion in connection with the selection of a situation 
for a shipyard is the adequate supply of labour. 
To a certain extent this can lie arranged for at any 
pla(u% but it has its great 
advantages to select a 
locality where there is al- 
ready a good supply of 
labour. A yard for the 
building of large ships 
nmst necessarily be situated 
near the sea, for preference 
at some sheltered bay or 
river, where there is a 
suitable depth of water to 
launch th<^ vessel, and 
where the shore is of a 
sufficiently firm character 
to carry the heavy weight 
of the luills without cx|K*nsive piling. The exact 
places in the yards where the ships are built are 
called bertha, and in a large yard there may be as 
many as a dozen of these. Round the berths are 
situated the offices itnd sheds, with all the necessary 
machinery and stores. The exact general arrange- 
ment of a shipyard varies very much according 

to the circumstances of each individual case, but 
in the laying out of a new yard the aim should 
always be to save all unnecessary transference of 
material or men. In such extensive establishments 
as shipyards a large amount of continuous 
expense may easily be incurred by inconvenient 
arrangements of sheds and maohinerj^ which may 
necessitate extra handling of the material or the 
wasting of time by the men in getting from one 
place to another. 

General Arrangement of a Shipyard. 

Figure 56 indicates the general anangement of 
a shipyard. All the head offices are at the entrance. 
In the centre of the yard to the right are the building 
berths, and round them are situated all the iron 
and wood workers* sheds and machinery. On the 
extreme right are the frame setters’ furnaces, with 
the bending slaKs and the scrieve boards. Just out- 
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side these is the stock of steel plates and angles, 
which can be fed both from steamers at the adjoin- 
ing quay and from the railway which runs into the 
yard. At the head of the berths are the sheds con- 
taining all the machinery for the cold manipulation 
of the steel plates and angles. IJght rails are usually 
laid down in the yard, and small trucks provided 
for the conveyance of the material from machine 
to machine or to the ship. In some instances nearly 
all the transference is done by means of cranes 
or overhead trolleys working on stretched wire 
ropes, the object being in eadi case the saving of 
time and manual labour. Immediately to the left of 
the building berths are the sawmills, with the 
joiners’ and cabinetmakers’ shops above, and the 
stock of wood in front, where it can Iw readily 
landed from the timber shi[)s. Near the centre 
of the yard are the general stores, where all the 
smaller items constantly being used in the construc- 
tion of ships are kept. At the extreme left of the 
yard are the engine and boilermakers’ shops, the 
foundry, and the power-house, from the last of 
which the necessary energy for driving all the yard 
machinery is obtained. The engine and boiler 
shops and the foundry com* 
municate with each other 
by rails as well as with the 
powerful crane at the quay 
side, where the ships lie 
after l>eing launched and 
receive their machinery and 
other outfit. Opposite the 
boiler and engine shops are 
the smiths’ and boat- 
builders’ sheds. Many ship- 
yards are not so eoniplote 
as the one here described. 
In some there are only 
the necessary appliantses for 
the building of the ships pro]ier, and the engines, 
boilers, and other secondary parts of a ship are made 
elsewhere. In nearly all shipyards the majority of the 
items that go to make up a modern ship’s outfit, 
such tis auxiliary engines, boats, etc., are made 
elsewhere, where they can be manufactured on a 
more extensive scale, and therefore more cheaply. 
Keel Hlocks. While the ship is taking 
shape in the drawing office the yard outside 
is oeing prepared for the beginning of the 
actual building o]>erationK. In the first instance, 
it is necessary to see that the ground is so firm that 
it will not yield at any place under the heavy weight 
of the hull. If it did do so it would have serious 
consequences, as it would be sure to cause the huge 
steel structure to be deformed. The ground of the 
building berths Hloi)es gradually towards the water 
at a rate of about one in forty or fifty, and whan 
the foundation is secuire and the space cleared 
of obstructions the keel blocks can be laid. 
Those consist of piles of wooden blocks os 
shown in 57. They are built up in a row 
from the water edge up the building berth 
ns far as the vessel will extend. In order to 
di.s tribute the pressure of the blocks on the ground, 
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it i» usual to begin by laying a few rows of 
planks and then to build on the top of thcfic — a 
couple of blocks of wood being tirst laid In the one 
direction and then a couple in the other in order to 
give sufficient stability. As the piles get higher, 
the size of the blocks is reduced, and when the re- 
quired height has been reached a' small cubical 
block is placed on the top as shown in 57. Cireat 
care must be taken that all these blocks are exactly 
in line both horizontally and vertically. If the )>iles 
.were all of the same height, the line of the toi> 
blocks would have the same slope as the ground, 
but it is usual to give the keel of the vessel a little 
more slope than the ground, in which case the piles 
get gradually higher as the fore end of the vessel 
is approached. Careful attention is paid by the 
carjKintors to these piles during the earlier stages of 
the building operations, ns almost the entire weight 
of the structure is then borne by these supports. 
Later on similar piles, called hitge blocks, are pro- 
vided at the side under the flat of the bottom to 
take part of the weight in addition to balan<‘ing 
the structure on the eentro row of keel blocks. 
When the latter sujiports are ready, the keel bar or 
plate can be laid. 

Laying of the Keel. Nearly all modern 
ships nave what is called a flat k^d plate, which 
is sim])ly a strake of steel plating like all the 
remainder of the bottom but usually a little 
thicker. The prepjiration of such a keel is a com- 
paratively simple question — at least, for the greater 
p\rt of the vessel’s length, whore it is usually of 
])arallel width and perfectly flat. The keel jilate 
varies in thickness from about \ in. in the smaller 
vessels to 1} in. in the largest, and in width from 2 
to 5 ft. 'Phe plates arc ordered practically to the neat 
sizea, so that they have only to be straightened by 
being passed through the rollers, planed on the edges, 
and punched according to templates for the rivets 
they have to receive. They can then be laid on the 

blocks and sighted to ^ 

ensure that they are ’TCSrWrW " " M ' 

and horizontally. The 

laying of an ordinary 

bar keel is equally giy 

simple. Little pieces 

of wood are nailed to 

the to]) keel block to I 

form a slot for the | 

reception of tlic keel ® 

bars. These consist of 59 

wrought- iron bars from _ , , , — ; __ — r* 

o 1 67. Keel blocks 68. Keel 

in. ny ^ in. to J.. in. supports 59. 8kle bar keel 
by 4 m., according to 

the size of the vessel. They are connected' by 


the size of the vessel. They are connected' by 
scarfs, but only a few rivets are needed to hold 
them together, as the plating of the garboard 
strakes will, when in jKisition, form efficient 
straps on both sides of the scarfs. The bars 
are straightened, and holes ore drilled in them 
before they are placed in position — the exact 
position of the holes being obbiined from templates. 
When the individual bars have been ])laced in 
yiosition and attached, the entire keel is sighted and 
secured more firmly laterally by sloping shores 
from the ground ns shown by 58. Besides the plain 
bar keel there ore other more complex forms of 
keels, such as the side- bar keel, shown in 59, which is 
formed of two thinner bars fitted one on each side of 
a vertical plate, which extends up into the ship 
for the depth of the floors or more. This form is 
dealt with as an ordinary bar keel, but it is, how- 
ever, rarely adopted now. The laying of the keey| 
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an act which shipbuilders often proceed w'ith without 
delay, as the first instalment of the pric? of the 
ship is then usually paid them by the }>rosi)ective 
owners. While the keel is being prepared and laid, 
poles for staging may be erectea by the carpenters. 
Staging. A sketch of the uppermost deck 
plan is supplied by the drawing office and the 
stage poles are arranged to be sufficiently clear 
^ of the vessel at all 
points to admit of all 
^ working operations, prin- 
cipally that of riveting, 
being carried on with- 
out hindrance. The or- 
dinary stage poles consist 
of two rough pieces of 
timber obtained by saw’- 
ingapine trunk through 
the middle. They are 
i ui then brought apart a 

60. STAGING distance of about 3 in., 

as shown in 60, and 
held in that position by short pieces of plank and 
bolts. They are let into the ground a sufficient 
distance to keep them iij»right without other 
supjX)rt. Cross pieces of planks, called thwarts, 
are then planed on edge in the intermediate spaces 
and supported by iron bolts iii^Tted, at the re- 
quired height, through one of the numerous holes 
l)rovided for the purpose. When two pairs of 
poles have been prepared in this way. staging can 
be laid on the cross supports. Usually, the latter 
]iiece8 of planks project beyond the j^K)los towards 
the ship, so that staging may lie laid here and an 
unobstructed passage ]»rovid(*d along the side of 
the vessel. 

Preparation of Frames. In some instances, 
as in vessels with very straight sides, it may be 
possible to give the frames the required form 
without heating them ; but in the majority of 
cases the curvaUire required is so great that it 
is necessary to heat them in order that they can 
bo proijcrly manipulated. This is done in a long, 
narrow furnace, where red-hot gases from ordinary 
coal fires pass over and under the frame bars. 
The furnace is designed with a view to the tempera- 
ture being as nearly as possible uniform throughout, 
as it is very important that the long bars should 
be heated equally throughout their length, so that 
they may be made hot enough at all points without 
the metal being burned at any place. Immediately 
in front of the furnace door are the bending slabs, 
which consist of a floor of heavy blocks of cast iroi. 
about 6 in. thick, and perforated by numerous 
holes about IJ in. in diameter, as shown in 61. 
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61. BBNDING SLABS 

This floor must always be close to the scrieve board, 
described in the preceding article [see page 5310]. 




The operation of preparing the frames is ns follows : 
A considerable number of rivet holes aw, of eoiirse, 
necessary in a frame, and as it is easier to punch 
these when the bar is straight than when bent, it 
follows that punching is the first operation to which 
the bar must be subjected after being obtained 
from the stock, and having had its dimensions 
checked. It would be desirable to punch all holes 
at this Bta^, but where the curvature is great this 
is not possible, as the process of bending distorts the 
holes too much at such places ; when the material 
stretches the holes elongate, and when it coutra^'ts 
they become compressed. At such jilaces the 
holes are, therefore, not punched until the bar is 
bent. This applies to the holes in the neighbour- 
hood of the bilge, where there is nearly always a 
considerable amount of curvature. The marking 
of the frame rivet holes for the outside plating is 
made by means of a flexible batten, which is bent 
round to the line of the particuilar frame on the 
Hcrievc board. The positions where the landing 
edges cross the frames are marked in chalk on the 
batten, as is also the exact length of the frame. 
The batten is then allowed to sjiring straight and 
laid on the bar in such a way that there is a little 
to spare in the length at each end, which is allowetl 
for in ordering the bar, and which is convenient 
in the subsequent bending operation. The positions 
of the landing edges are then indicated on the bar, 
and the maiking of the rivet holes in the shell 
flange, or the flange attached to tlie outside or 
shell plating can be made. 

Punching of Frames. The spacing of 
the rivets centre to centre is sliitt»d in a sketch 
of the frfiming of the vessel, whicJi is supplied 
to the workmen by the drawing office. The 
rivets attaching two adjoining strakes of plating 
will, in way of a frame, also pass through it. 
Their position must be governed by the landing 
edge, which is not known exactly in relation 
to the frame, and it follows that there would be 
a considerable chance of unsatisfactory fitting 
if the shell edge or landing rivet holes in the 
frame bars wew punched at this stage of the 
work. In marking the bars the spaces in way of 
the landings are, therefore, left blank, the holes 
being “ beared ” or punched by hand when the 
frames are erected in their proper place in the 
vessel, and when the exact position of the landing 
edges have lieen marked by means of fairing 
battens passed through the guide spots provided 
by the above-mentioned marks obtained from the 
scrieve board. If a reversed frame is to be fitted, 
the holes for the rivets attaching it to the frame 
must be marked on the athwartship flange of the 
latter, according to the spacing given on framing- 
sketch. 

Here, again, blank spaces are left in way of 
beam knees and lugs attaching stringers to frames, 
in order that these holes may be marked more 
exactly at a later moment.- When all the required 
holes and the exact length of the frame have been 
marked, the bar is taken to be punched. This is 
done by means of a powerful machine, driven by 
mechanical j>ower. ITie bar is laid on a strong 
bolster with a hole in it, a little larger in diameter 
than the required rivet hole. A strong die of the 
size of the rivet is then applied 
with great pressure above, as shown 
in 62, with the result that a circular 
portion of the material of the bar 
is forced through the bolster be- 
low, and a rivet hole thus provided in the 
frame. This is the usual way of making holes 
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in shi]i construction, except where very great 
accuracy is desirable, when the holes are made by 
the much more tedious and ex|>ensive process of 
drilling. With experienced workmen a punching 
machine may be kept going at a considerable 
speed, holes rieing made as fast as the bar can be 
]>assed carefully through the machine. When a 
number of frame bars have been punched, and 
have had their exact lengths jwrmancntly nicked 
with a chiKcl, they are placed in the above-men- 
tioned furnace for heating. 

Form of Frame Angles* The next 
operation which the frame bars are subjected to 
is that of lie veiling. The athwartship flange 
of frames are always in a transverse plane at 
right angles to the keel line. Where the bottom 
and side of the vessel are cylindrical, as it may 
be for some considerable distance amidships, 
tlie outside or shell plating, and consequently the 
shell flange of the frames, will be at right angles 
to the transverse flange. Nearer the ends of the 
vessel, w’here the shell plating is curved in a fore- 
and-aft direction, the shell flange will no longer 
be at right angles to the transverse one, and as 
rolled steel bars are always delivered from the 
steel works with their flanges at right angles to 
each other it follows that frames at the ends of 


vessels must have that angle modified along their 
length to suit the angle which the shell plating 
makes with transverse plane of the frame. It is 
this o]>erat-ion which is called bevelling. The 
amount of bevel to l>e given to a frame is measured 
on the scrieve board in the following simple manner : 
I^t AM and BN [68] represent the lines of two 
consecutive frames, and let AC represent a fore- 
and-aft plane at right angles to the planes of the 
X frames. Between 



the .frames con- 


sidered 

the 

shell 

has curved 

in- 

wards 

to 

the 

extent of AB. 

The 

fore - 

a n d - 

-aft 

spacing 

of 

the 

planes 

of 

the 


frames or of the 


lines AM and BN 
^ is simply the frame 

03 spacing. and if 

B , is drawn equal 
to this, it follows that AC may be taken to be 
a plan view of the frame AM, and B,C| the flame 
view of the frame BN. AB, will then represent the 
line of the shell plating between these frames, and 
ABji^j is the angle between the plane of the frame 
BN and the outside plating or tne angle to which 
the frame has to be bevelled. A bo^rd equal in 
width to the spacing of the frames may be obtained 
and a line hh^ [68] may be drawn across it at right 
angles to the edges. If ha is set off equal t > AB, 
the normal distance between two frame lines, as 


shown on Cic st^iieve board, it follows that ahjt is 
the angle required. In this way the bevel may be 
measured at any point of Iho length of the frame 
and recorded on a i)iece of board. A simple 
mechanism which can be adjusted to suit the 
frame spacing is usu:illy employed in measuring 
bevels directly on the scfieve boards. 

Bevelling of Frames. When the frame 
bar is heated sufficiently it is pulled out of 
the fumacc on to the bending slabs, where it 
is laid straight, and one flange is held down 
by means of a ]>icce of set iron along the edge, 
and a number of appliances called doge. These 
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latter consint nimply of iron bars bent to an angle, 
a« shown by 64. By placing one arm in one of 
the holes in the benaing slab 
and hammering it down securely 
a considerable prc*ssuro may be 
applied by the other end on 54 

the slab or anything on it. 

A few of these dogs can thus hold a plate or 
angle iron very tightly to the bending slabs. 
When the frame bar is securely fixed a bevelling 
lever is applied to the vertical finnge, as shown by 
65, and the angle of the bar is 
opened at the various points of 
tin? length previously marked, 
and to the extent indicated by 
the record of bevels taken from 
the Horievo board. Hammers 
are also used in the process of 
angling the vertical flange, as 
unevennesses can be removed by a few strokes while 
the bar is hot. In some instances the process of 
bevelling is done by a machine, which operates on 
the bar as it is withdrawn from the furnace, a 
simple lever movement effecting the necessary 
adjustment in the bevel, and indicating at the same 
time aiituinatieally the amount of bevel that is 
being given to the bar. The bevelling of a frame 
bar need not be done with special care as it has to 
be done over again, or, at afiy rate, carefully checked 
during the process of bending. Preparatory to 
this the bar is again ])laeed in the furnace, and 
while it is being re-heated the workmen prepare 
the bending slabs. 

The Bending of Frames. First they 
mark ean'fully on the scrieve board the line of 
the frame about to be bent. Then they take 
a iiicce of thin iron, called a set iront which is 
readily bent to the shai>e of the frame lino. It 
is then laid on the bending slabs, and a chalk 
line draw'n on same, which is the line of the 
frame transferred by the set iron from the 
scrieve board. It indicates tlie final shape of 
the frame, but if the biir was bent exactly 
to it the result would be that it w'ould not get 
curvature enough, ns it straightens considerably 
in tlie process of cooling. I’he exy)erienced frame- 
setter knows bow much more curvature it is neces- 
sary to give to the s^t iron in order that the frame 
may have the ])rojH*r curvature when cool. When 
the set iron has been given this extra curvature it 
is laid on the iron slabs, to form a mould against 
which the frame may be bent. To retain it nrinly 
in the ]>osition, dogs are again used. In order that 
the set iron may be able to resist the i)rca 8 ur© of 
the heavy blows on the frame bar when it is being 
bent it is necessary to drive stout iron pins into 
the floor holes close against the concave side of 
the set iron. In many cases it will be found that 
it is impossible to drive a pin into a hole, and 
having it bearing tightly against the side of the 
set iron ; and it is therefore necessary to place 
wedges or rings of suitable thickness against or 
round the pins in order to obtain a proper backing 
against which to work. When all this has been 
done and the frame bar is heated to nearly a 
white heat, it is drawn out of the furnace and 
rapidly placed in position and secured at its lower 
end. If it is a light bar it can 
now be bent round the set iron 
mould by means of a chain 
fixed at the other end. If the 
bar is a heavy one, it is con- 
venient to use a squeezer to ^ 
press it home to the mould. 66 
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This is simply a lever, as shown by 66 , adapted 
to the circumstances with a tap fitting in the 
holes in the bending slabs. In this way great 
gradual pressure can be applied rapidly at any 
place where it may be required. At certain 
places a few smart blows from a hammer may be 
necessary to make the bar fit close to the mould 
at all points. In the process of bending, the 
horizontal flange of the frame will usually become 
uneven, and it becomes necessary to adjust such 
irregularities before the bar cools too much. 
This is done by means of blows from lar^, flat- 
headed hammers, or blows on the top of a nattener 
held on the unevennesses. While the bar is still 
hot the bevel previously given to the frame is 
ea ref idly cheeked all along and rectified w^here 
found incorrect. It is highly important, in order 
to ensure high-class workmanship, that the bevelling 
is carefully done, and that the shell flange is quiti' 
fair and smooth, as otherwise it will be found 
impossible later on to obtain a fair fitting surface 
for the outside plating. 

Reversed Frames. The hold ceiling of a 
vessel is fixed to the reversed frames, and the holes 
required for this purpose may be punched before 
the bar is bent, but sometimes they are punched 
by hand or “ beared ” when the ceiling is being 
fitted. If the pimching is done before bending, 
the position of the ceiling planks or cargo battens 
is given, and the holes are marked and punched 
accordingly. The reversed bar is then bevelled 
and bent in the same manner as a frame bar, but 
as it is most convenient to have the sot iron adapted 
to the concave side of the bar, it follows that this 
mould will, in the case of frames, be fixed on the 
bending slabs to the toe of the frame flange and 
to the heel of the reversed framo bar. Bulb 
angle and channel frames are bent as ordinary 
angle burs, but when Z frames are adopted it is 
necessary to use special iron blocks laid on the 
bending slabs to raise the web of the bar sufficiently 
to allow of the frame being bent without its canting 
through one of its flanges touching the ground. 
When a frame and reversed frame for one side of 
the vessel have been bent, their respective set iron 
moulds are simply reversed on the bending slabs, 
and the corresponding angles for the other side 
of the vessel can be bent at once. The floor 
plates arc now very rarely bent in steamers. It 
is only where narrow floors are adopted in single- 
bottom vessels that the floor plates are bent at 
the bilges. They may*be bent on the slabs to the 
same line as the frames, or the bend may be of 
such a local character that the work is done by 
the ordinary smiths, who are supplied with tem- 
lates, giving the required form of the floors at the 
ilgo. As these plates are fitted between the 
frames and reversed frame angles, the extreme 
point is hammered down to give it a wedge-shaped 
form, which will admit of the frame, and reversed 
frame being gradually brought close together, 
without the use of wedge-shaped packing pieces 
to fill the otherwise empty interstices. In most 
modem ships the floor plates which are directly 
attached to the main frames are simply brackets 
that ore sheared cold to their proper shape. 

Checkins the Curvature of Frames. 
When the frame and reversed frame have 
cooled sufficiently they are taken to the scrieve 
board and their form cheeked with the proper 
frame line. Any little discrepancies that may he* 
observed now are easily adjust^ without re-beating 
the bar. The curvature is modified by simply 
holding two very heavy hammers against the b«^ 






a little distence amrt, and then striking it heavily 
with a third midway between the two. When 
the exact required form has been obtained the bar 
is laid on the scrieve board in its proper place 
and the corrtpt position of de^ks, stringers, ribbands, 
landings, et^, are permanently marked in a manner 
that will admit of easy identification later on. 
The exact length of the frame is also marked now, 
as well as the rivet holes for stringer lugs and beam 
knees, and for the shell plating at the bilge, where 
they were omitted until now, vmen greater accuracy 
can be ensured. The frame is then sheared to its 
exact length, and the I’cquired holes are punched. 
When the frame bar corresponding to a line on the 
scrieve board has been dealt with in this manner, 
it is laid on the ground and the corresponding 
frame for the other side of the vessel, which cannot 
be checked by the serieved line, is reversed and 
laid on the top of the frame already dealt wiili, 
in order that their curvature may be made to agree 
exactly. The position of decks, stringers, ribbands 
and landings, and rivet holes that require to l>e 
punched, arc marked to agree with those of the 
other bar. 

The rivet holes required for the beam knees and 
for side stringer lugs arc usually marked by templates 
which are exact wooden copies of part of the beam 
knees and of the short angles atbiching stringers to 
frames where there are no reversed frames, or in 
conjunction witli these bars. The rivet holes 
required in the knees and lugs are drilled in the 
wood pattern, wliich is simply laid in its proi^er 
]M)sition on the frame, and tiie holes marked on 
same with paint, tlirough those in the board. 

Floor Plates. When a frame has been 
sheared and punched, the (!orresponding floor end 
bracket is laid in its projwr }>osition on the scrieve 
board, and the frame is placed on the top of 
it, as shown in 67. Ibe required shape of the 
floor plate is obtained by drawing a chalk line 
on it along the heel of the frame. The upper 
edge is usually straight, in which case one of 
the edges of the plate is made to coincide with 
this line. The holes for the rivets attaching the 
frame to the floor brackets are already punched 
in the former, and as the frame is lying on the 
top of the floor plate, the holes are easily trans- 
ferred to the latter by paint murks. The remainder 
of the holes in the floor brackets — 
namely, those for the attachment to 
the tali margin plate, and to the re- 
versed frame, may be marked from 
templates, or in the latter instance, 
from a piece of set iron bent to the 
shape of the lower )jart of the reversed 
frame, and laid on the frame and floor 
plate in lieu of the reversed angle, 
which has not been completely pre- 
pared at this sta^. The floor bracket 
can now be sheared and punched, and 
is then complete. 

A bent reversed frame must, in the 
first instance, have its curvature 
checked by* being laid on the frame, 
with which it is made to agree. When 
this is done, it is laid on the ground, 
and the frame is placed in the top of it, as 
indicated by 68 , when all tlie holes in the 
transverse flange of the frame are readily trans- 
ferred to the reversed frame by paint marks. 
'^Hie holes for the floor rivets are marked on 
the reversed frame by tlie piece of set iron used 
in marking the floor plates, care being taken to 
ensure it Mkig in the same exact relative position 
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widi regard to tlie frames as when the floor plate was 
being marked. When the reversed frame has b^n 
sheared and punched, the three parts — namely, the 
frame, reversed frame, and floor bracket, can at onoe 
be brought near to the building berth and bolted 
together ready for riveting. The processes of 
ptmehing, bevelling, and bending the frames and 
reversed frames, cheeking their curvature, shearing 
and punching the floor ]uates, and fitting thorn all 
together, are usually being carried on simmtancously 
by various squads or gangs of men. 

Watertight BulRheada. The bulkhead 
frames are usually dealt with separately, although 
in the same manner as the ordinary frames. No 
reversed bar is required here, but double frames ore 
commonly fitted. When the frames for a water- 
tight bulkhead have been bevelled, bent, and 
checked, the entire bulkhead plating is laid on the 
scrieve board in the pro|ier position, and with 
proper overlaps, as indicated on the bulkhead plan 
supplied by the drawing office ; and the frames, 
or at least" one set, if they are double, ore laid on 
the top also in the proper relative position, as shown 
by 69. An outline of the bulkhead can then be 

drawn in chalk 
along the heel 
of 3io frame 
bar, and the 
rivet holes al- 
ready xnmehed 
in file frame 
angles can be 
transferred to 
the plating. 
These holes 
must bo much 
69. WATER-TIGHT BULKHEAD closer Spaced 

than the rivets 

in the frames and reversed frames, as the 
work is to be watertight at this place. The 
rivet holes in the edges and butts of the iqiper- 
luost alternate strakes of plating, as they lie on the 
scrieve board, have previously been marked and 
]>unchcd. Tliey are simply marked at their projier 
spacing and proper distance from the edge, as stated 
on the plan. The corresponding rivet holes for the 
strakes of plating below are then Biitmly marked 
through those of the plates ajbove, Tnc work of 
fitting the bulkhead plating is comparatively 
simple, as nearly all the plates are parallel, 
and require no snearing, except, |)Crhaps, on one 
end or edge, where it is at the boundary of the 
bulkhead. The top bar or bars attaching the bulk- 
head to the deck plating are bent cold to the curve 
of the deck in the manner of beams, as will be 
described later on. The rivet holes in this angle are 
transferred to the bulkhead plating, as in the case of 
the frames. The bulkhead stiffeners are shown on 
the plan, and the rivet holes for their attachment 
to the plating are marked os specified on the draw- 
ing, and punched accordingly. Tho bars may then 
be laid in their proper position on tho bulkhead on 
the scrieve board, and the holes can be transfen*ed 
to the plates, which are then ready for punching 
and shearing to shape. Bulkhead stiffeners are now 
(iommonly formed by fitting the plates vertically, 
of suitable width, and flanging one end of each 
plate, or both edges of alternate plates, by which 
arrangement a considerable amount of weight and 
expense is saved, as fewer pieces of material are 
required, and also less riveting. Another common 
device of reducing the expense is to fit single 
frame and deck angles, in which ease they are, 
however, usually of increased size. 
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Double-bottom Framee, Reversed 
Frames* and Floors. The frames of the 
double bottom are, as a rule, simply small angles 
with flanges of equal width attaching the shell plates 
to the floor plates. In some instances, they are 
i>orfectly straight for the greater part of the vcssers 
length amidships, as indicated in 70, in which case 
they may oven be entirely dis- 
jKinsed with through flanging 
the floor plate at the lower 
edgt‘. Where, as is usually the 70 

case, there is a slight bend in 
the frame at the outer end, one pattern or template 
will serve for a great number of frames, although 
the length of the bars may shorten ns the ends of 
the vessel are approached. The templates not only 
give the form of the frame, but also the position of 
the rivet holes, both for the attachments to the 
phell plating and to the floor plates. The tem- 
plates consist, in fact, of two exact but separate 
wood patterns of the two flanges of the frames. 
When the length of the bar, the rivet holes, and 
the landing edges have been marked, the angle can 
be sheared and punched. It is then hfcated, if 
required, and bent in the usual manner on the 
srrieve board, wliere one piece of set iron will serve 
for the majority of the frames, owing to the bottom 
being flat, except for the rise of floor for the greater 
portion of its length. The frames of the ends of 
double bottoms where the curvature varies are 
tloalt with ns ordinary frames from the lines on the 
scrieve board. The reversed frames of double 
bottoms are usually perfectly straight and without 
bevel for the entire length of the inner bottom. 
They can, therefore, bo dealt with throughout by 
template, us in the case of the amidship frames. 
1’hoy are very commonly dispensed w ith by flanging 
the upper edge of the floor plates to form an attach- 
ment to the inner bottom. 1'he floor plates of an 
inner bottom are almost entirely dealt with by 
templatoH. 

Templates. Those appliances have already 
been referred to more than once. As they are 
very commonly used in ship construction, they 
may conveniently be explained somewhat more 
fully here. They are, ns the word implies, tem- 
porary plates, which serve as patterns for the 
real ones. They are made of very thin and light 
strips of boards, nailed together to the required 
form. If this should not be made up of straight 
lines, it is approximately roughed out by pieces of 
boards, and the exact form can then be easily 
cut in the thin wood with a knife. The^Te 



patterns can be eonveniently carried about, and 
more exact workmanship is, in fact, possible with 
them, owing to their handiness, than if the actual 
plates were being used for the purpose. • 
Figure 71 shows such a templat-e for the floor plates 
of a double bottom. The ; 


exact outline of the floor is 
first produced. Next rivet 
holes for the attachment 



the frames, reversed frames, 7 1 

and centre, side and tivnk 

margin girders are marked according to their 

specifled spacing. When a plate has been 

obtained from the stock the template is laid 

on the top of it, and the exact shape of the 

floor as ivell as all the rivet holes can be marked in 


a very short time. The plate is then ready for 
being sheared and punched. The template above 
referred to for the transverse flange of the frame 
of a double liottom is simply an exact replica 
of the lower edge of the floor template. Similarly 
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the template for the transverse flange of the re- 
versed frame is a replica of the upper edge of the 
floor. When tlie floor plates and the frames and 
reversed frames of a double bottom have been 
prepared, the various items are boiled together 
and riveted up in the neighbourhood of the building 
berth ready for erection. 

Erection of Centre Girder. The 
laying of the keel has already been described. 
When it is a flat plate keel, each plate is prepared 
from a template which shows the rivet holes in the 
edges, butts, frames and centre girder or keel angles 
indicated in 72. One template will serve for the 

great majority 

When t li e 
keel plates 
have been 
laid, secured 
and sighted, 
72. CENTRE GIRDER they are bolted 

together, and 

the work of erecting the centre girder may be 
proceeded with at once. The keel angles are 
first fitted. The rivet holes in the horizontal 
flanges are marked from templates eorresjiond- 
ing to the centre rows of rivets in the keel plates. 
The holes in the vertical flanges are likewise marked 
from a template. When the angles are sheared 
and punched, they are placed in position, and 
screwed down with bolts and nuts. The vertical 
keel plates are now })reparod. For the bottom 
rows of rivets the template is the same as was 
used for the vertical flange of the keel angles. At 
the upper edge a fresh temjjlute is used for the 
holes of the centre girder toj) angles. A short 
template is })repared for the vertical angles attach- 
ing the floor plates to the centre girder, one template 
serving for all. The position of each floor must be 
carefully marked on the centre girder plate before 
the templates are applied. The holes in the vertical 
flanges of the top angles of the girder are marked 
from templates as in the ease of the keel angles, 
and those in the horizontal flanges for the attach- 
ment to the tank top plating may l)e marked either 
from templates or simply in accordance with a 
8i)ecified spacing. When the flat and vertical keel 
plates and angles have been erected and securely 
bolted they are all riveted up together and the 
first part of the ship is complete. Usually the 
vertical angles on the centre girder are prepared 
and riveted up at the same time as the remainder 
of the girder. 

Erection of Floor Plates and Side 
Girders. As soon as the centre girder is com- 
pleted the erection of the floors is proceeded with. 
This is a very simple piece of worlc, as it is only 
necessary to lift them to the required height, bolt 
them to the vertical angles on the centre girder 
at the one end, and fit a ribband with shores to the 
ground as supi)ort at the other end. A ribband is 
a straight or bent timber, usually of neaily square 
section, which is employed temporarily to secure 
floors, frames, and beams in their proper relative 
position until the plating serves this purpose. Their 
positions have to be arranged to suit the fitting of 
the plating, and they are consequently marked on 
the scrieve board and transferred to all the 
frames. The erection of 
the floors may take place 
concurrently with others 
being riveted up on the 
ground, and as tne work 
78 of erection proceeds the 






intercostal gird^ shown in 70 and 7$ may also be 
fitted in place. They consist of plain rectangular 
pieces of plates that may be made to templates, if 
they are not ordered from the steel works to exact 
size, or, these plates being small, they may be taken 
to the ship, and the vertical rows of holes marked 
to suit those in the angles already riveted to the 
floor plates. The prompt fitting of these inter- 
costal plates is very desirable, as they add rigidity to 
the structure, and prevent the floor plates from trip- 
ping. When the floors are erected the fitting of the 
margin plate may be proceeded with. Figure 78 
shows a common arrangement of the termination of 
the double bottom. The margin plate coiisistg here 
of a continuous girder similar to the one at the centre 
line, but shallower, and fitted at an angle to the 
vertical in order to be square to the surface of the 
ship. At the bottom edge it is attached to the 
shell plating by a single angle, and at the upper 
edge it is flanged to form j)art of the tank 
top plating, to which it is, oi course, attached. 
The plates are prepared from templates adjusted 
and marked in position on the floors. The margin 
angle for att.achment to the shell plating is pre- 
pared when the plate is oom}>lcted and in position, 
the rivet holes being transferred by template. 
The flanging at the upper j>art of the margin plate 
is usually done cold, as in the case of flanged floor 
plates. The plate is rigidly secured in a flanging 
machine, as shown in 74-, while a roller is forcing 
part of it downwards until it is at right 
angles to the remainder. When the floor 
plates have been secured in position the 
inner bottom may l)e plated at once, or 
this may be left until the outside bottom 
is plated. In any case the work is done 74 
by templates similar to that of the shell 
plating, which will bo described in detail later 
on. As the bottom is practi<*ally horizontal, 
and as the edges of the plates arc usually straight, 
the work is fairly simple. 

Preparation of Beams. The upi>cr decks 
of ships are usually curved uj)ward8 amidships, to 
allow for the drainage of water. The lower decks 
may be flat, but as a rule they also are curved. 
The bending of the beams to acquire this curvature 
is, however, a very simple affair compared with the 
bonding of the frames. In the first instance the 
curvature is so small that the beams can always 
be bent cold, and, in the second instance, the cur- 
vature is uniform, so that one mould will serve 
for all the beams of a ship. A l>eam iflan is sup- 
plied by the drawing office, showing the exact posi- 
tion and length of each Ix'am, niid the amount of 
plating or planking to be fitted on it. The work- 
men are further i>rovidcd with a beam mould 
as shown by 75. This is a wood board with one 

edge straignt and 

the other cut to [ h v, . /"■ 
the exact required 
curve of the deck, 75 

which is usually 

supposed to be part bf a circle or parabola. The cor- 
rect lines of the frames are indicated on the mould, 
and they show therefore the length of the l>eams. 
Various rolled sections are adopted for beams 
such as bulb tee, bulb angle, channel bar, bulb 
plate and angles, etc., but the preparation of all of 
them is similar. When a beam bar has been ob- 
tained by the workmen, and its identiffcation marks 
found to agree with those on the plan, it is marked 
for cutting and punching. The length is obtained 
by bending a flexible batten round the mould 
and marking the breadth of the vessel at the 
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particular frame section. Usually only half 
breadths are given, in which case the centre of the 
beam bar is marked, and all distances set off 
from it. The information with regard to the rivet 
or bolt holes required may be obtained from a plan 
or from a beam list, which is simply a written 
specification giving all the necessary particulars 
for each beam, such as the spacing of the rivets in a 
way of plating and of bolt holes for wood deck fas- 
tenings, where there is no plating. The size of beam 
knee, and the number and size of rivets in Same 
are also shown. When a beam has been completely 
marked it is cut to its proper length, punched and 
taken to the l)eam- bending machine. 

Betiding of Beams. This is of a very 
simple nature, as indicated in 76. B and C 

are two pro- 
jections about 
12 in. high, on 
a strong cast- 
iron table, and 
A is a movable 

76. BKAM-BKNDIN(3 MACHINE ram. The bar 

to l>e bent or 

straightened, as the case may be, is laid on 
rollers on tlie table, and passed between A and B 
and 0, while the ram A is made to move forward 
whenever required, and to any degree, thus pressing 
the bar against B aiid C, and landing it between 
these two points. The fact that B and are 
adjustable points enables any curvature that can 
be applied cold to be given to a bar. A beam is 
usually first straightened horizontally. The deck 
flange is sighted by a man at the end of the beam, 
and whenever there is a hump towards A, pressure 
is applied until it has disappeared. The bar is then 
reversed, and the humps on the other side removed 
in the same manner. When the beam is straight 
in this direction it is laid on its side on the rollers 
and bent until its curvature corresponds with that 
of the iKiam mould, which ivS frequently applied 
during the process. 

Preparation of Beam Knees. The 

preparation of beam knees may go on con- 
currently with the bending of tlic beams. There 
are three kinds of these attachments to the frames — 



namely, bent, welded, and bracketed knees. Of 
these, the last are now the most common. They 
consist simply of bracket plates, as indicated in 77. 

attached by rivets both to the beam 

C! — and the frame. The ]ilates for this 
1 purpose may be ordered from the 
y steel works to the neat sizes, and the 
ffj holes both for the frames and beam 
rivets may be marked from one 
template and punched. The rivet holes in the 
beam end may also be marked from the same tem- 
plate, but it is not wise to punch those in the frame, 
or at least all of them, at this stage of the work. 


These holes are usually left to be drilled when the 
beams and frames are erected and in their proper 
place. The plates for welded knees may also be 
ordered to neat sizes. In this instance, the work of 


making the knee is undertaken by the smiths. ITie 

t )iece of plate is simply welded on to the web of the 
>eam, os indicated by 78. When the knee is com- 
pleted, the lioles for the frame 
rivet are marked from a template 
and punched. The making of bent 
knees is very similar to the opera- 
tion of making a welded one. The 
web of the beam is split by sawing for some dis- 
tance from the end, and the lower part is bent. A 
small triangular piece of plate is then welded in the 
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V -formed space between, the two. The knee thus rtbbands are likewise fitted to the^ deck beams to 

produced is, os a rule, rather- more satisfactory keep them in thei»* intended positions. At this 

than the previously described one, stage of the work it is very important that 

* as the strength of it does not de- the frames arc efficiently prevented by stays from 

pend solely, or even mainly, on tripping aft, as they would tend to do, owing to 

the efficiency of a weld^ which their inclined position, until some plates are fitted, 

79 rarely is equal to that of the Stem and Sternpoat. Before the ex- 
solid plate. tremo end frames can be erected, it is necessa^ 

Krection of Frames and Aeams. that the stern frame and stem should be in 

When the side frames and the deck beams have position. Those parts might be erected as soon 

been prepared, or when some of them at least as the keel is laid, but they are not usually ready 

are ready, their erection may be begun. The till later. The sternpost is, as a rule, whether it be 

frames are first placed in position by moans of a oast or forged, delivered in the finished state in the 

simple derrick arrangement, formed by a tall pine yard. At the most, it may be necessary to drill a 

sparsuitablysupportedby stays, and bearing blocks few rivet holes in it. In ordinary single-screw 

and tackle, whereby the combined frame girder can steamers the 

be readily hoisted into position, as shown in 80. stern frame is 

When the frame is at the required in one piece, as 

height, the floor bracket is bolted shown in 81, and 

to the vertical angles already it is the heaviest 

fitted on the margin plate. The single piece of 

first few frames erected require material in the 

to be supported at their upper ship. It must be 

end by shores and stays. When of considerable 

a number of them are in position, thickness to af- 

a couple of ribbands may be ford proper sup- 

attachod to them, as shown in port to the pro- 

80. This gives at once a little peller and the 

more rigidity to the system, and rudder. Where there is no propeller — as in sail- 

still more support is obtained ing vessels, and in paddle and twin-screw 

when some of the frames on the steamers — the sternpost is simpler, as mdioated 

opposite side have been placed in }K)8ition, and a few by 82, and much lighter, 

beams have been fitted. The deck beams keep the r Xbe holes for the rivets attaching a 

long and somewhat flexible frames at their proper sternpost to the shell plating are nearly 

distance apart at the top, and the ribbands keep J;! qp drilled by the makers. In way of 

them at their intended spacing in a fore-and-aft >: the thick bossing for the screw shaft, 

direction. The ribbands are prepared by the i; and where the heel of the post joins 

carpenters, according to the information received I; the keel bar or plate, the holes may 

from the drawing office or moulding loft. Near J: be drilled in the shipyard, when the 

amidships they are straight, sqiiare-scctioned pieces f j| sternpost has been erected in position 

of timber, with the position of each frame indicated c|;j on the aftermost keel blocks, and 

on them. Amidships, the distance between the securely shored at the sides. The after- 

frame marks will bo equal to the fore-and-aft frame J'iyy-n most frames of the vessel are stei>pod 
spacing, but nearer the ends of the vessel the dis- -g on the arch of the stern frame above the 

tance between the marks will be in excess of the pro}>eller space, or screw aperture. The 

fore-and-aft spacing of the frames, owing to the frame [81], which is attached by means of a 
ribband l^ing bent to follow the form of the vessel. ^Icep floor plate to the rudder-post, or. rather, its 

The position the ribbands should occupy is marked continuation, is called the irnns'nUf and is usually 

on the frames when they are on the scrieve board. numbered O. No. 1 being the frame just in front. 

Plumbing of Frames. As the keel of The stem [83] is a simple bar of rectan- 
a vessel is sloped towards the after end, it gular section, and may be either forged, 

follows that the frames will not be vertical, but cast, or rolled. It is delivered straight 

will also be slightly inclined towards the after in the yard if not cast, and bent to the 

end. In erecting the frames, great care must shape on the slabs at the frame set- 

therefore be taken to see that the plane of a ting furnace, its exact curve being 

pair of them is at right angles to the keel bar or supplied through a mould prepared by 

plate. The vertical inclination is determined by the loftsmen or carpenters. All the 

moans of a plumb-line fixed to the centre of the rivet holes may be drilled by machine 

beam. The point at which this line should meet the in the yard, or only those in way of 

keel line abaft the position of the frame is easily the bend, the others having been done by tlu* 

determined from the known declivity of the keel. makers. The foremost frames are stepped on 

By moans of the plumb-line it is also ensured that the stem, and their position is, therefore, carefully 

the centre of the beam is transversely exactly over transferred from the mould to the stein itself, 

the centre of the keel. The plane of the frames The landing edges of the shell plating are now also 

may now be fixed at right angles to the keel line, marked on the sternposts and stem, os on the 

either by lines of equal len^h being brought from frames ; in fa(jt, these bars may be considered as 

points at equal heights on tne frames to a point on the fi:'st and last frame respectively, 
the keel line before or abaft the frame, or this may Fairing of Frames. The process of fairing 
be achieved by stretching a line across the vessel has been described [s?e pa^ 5013], when it was 
from frame to frame, and ensuring, by means of a applied to the lines of a vessri with a view to getting 

large square, that it is at right angles to the keel a mir representation of the ship on paper. When 

line. As the frames are being erected more ribbands the frames and beams of a Vessel have oe^ erected 

are bolted to them, and more shores are fitted to it be(gines necessary to fair tiie entire surface of the 

give proper support to the structure. Shores and M^uM vessel as represented by the frame and beam 
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lines, as it is otherwise impossible, in Rpilfi 
neatest care, to ensure the form of the^i^ 
being fair. Ihis work is undertaken by thUf 
penters of the yard, and is done by means 
ribbands, some of which are shown in 80. 
ships, where the frames are all of the same for’^y 
fairing process is simple, and consists 
sighting the heels of the frames to see thatL* ^ 
are exactly in line. The cause of an odf 
being out of line with the remainder rnigh^ 
slight unevenness on the ribband where the ^ 
is bearing against it. At the ends of the 
more ribbands 
may be necessary 
to hold the 
frames in their 
correct positions. 

These timbers ^ 
are curved, as 

shown in 84, and peases, 

tapered in thickness where the curvature inen 
as they would otherwise be too stiff to allow of \,eces- 
following the surface of the ship. It is here n 
sary to sight the ribbands carefully to ensure, 
they are bent in fair curves, and the frames are 
bolted tightly to them, so that the heel of the^^^^^j 
bears hard against the inner surface of the ribV * 
Shores are further provided to the ribbands at 
of the frames to assist in the proper form 
obtained as well as to support the structi^g- ^ 
deck l>eams are faired by ribbands on ..vik 

them, just as the frames were faired, t curvature 
is, in this instance, rather easier, as thel 
is less. I When the 

FfliiPill|S of mcs of the 

frames and beams are fair, the 
plating may be correctly marked on 
is necessary in order that the men 
plating may have something to,g,>/,Jj the next one 
where exactly each strake iato?-d with only a mini- 
to begin, ^le platM are ordOpg^e, and the widths 
mum width of material to^^ arranged so that they 
of the plates supplied mjjj. beam, as the case may be, 
cover the “^'iViOwances for ovorlaiis for edge 
with It ig also desirable, from the point of 

%^few of apjiearanoe, that the outside edges, parti- 
cularly of the shell plating, should be fair lines, as 
they form very prominent features in the exterior of 
the vessel. The intended )X)sition of edges of the 
outside plating arc, as already explained, marked 
on the frames at the thue they were on the scrieve 
board, but the points thus obtained serve, in the 
lirst instance, 
only to indi- 
cate the plooos 
where rivet 
holes are not 
to bo punched 
in the shell 
flange of the 
frames. In 
the second 
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instance they serve os approximation points for 
the real edges of the nlates which must undergo a 
fairing process before tney can be adopted as correct. 
This process is in yard language termed the sheerifig 
of the landings, A couple of loftsmen or oar- 
^ peters do this work by means of long battens, 
\ ^nich are fairly broad so that they may not deflect 
f«mduly later^ly, and also thin in order that they 
^ may at the same time follow tlie curvature of the 
vessel, with the application of a minimum of force. 


They are held in msition on the frames by means of 
clips aa indicated in 85. In addition to the marks 
nicked on the frames the workman is furnished with 
a list of the breadths of all the plates as ordered from 
tho steelmakers, because he has to arrange that 
not only all lin^ of the edges of plates are fair, but 
also that the lines, thus determined are compatible 
with the actual size of each of tho plates ordered. 
The sheering of the landings usually begins 
at the keel or garboard strakc, where they are 
straight and parallel to the keel line for the greater 
part of the vessel's length, and the other landings 
are successively dealt with. There ore, of course, 
two edges to each landing, but the one worked to in 
the fairit^ process is the one that would be seen from 
the outside when the vessel is plated. This lino 
determined, the other one is easily fixed in relation 
to the first by the list of widths of overlaps that is 
also supplied to the workman. When one landing 
has thus been marked on one side of the vessel the 
exact marks are transferred to tho other aide, where 
no fairing is then required. 

The Fitting of Stringers in Hold. TIic 
stringers which are usually fitted in the holds of 
ships are now very small and of a simple character, 
as shown in 86 . * They consist chiefly of a single 
angle on the face of the reversed frames, which is 
attached to the shell plating by means of inter- 
costal plates and angles. The |K>sitionsof the stringers 
are marked on the reversed frames while on tho 
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scrieve board, and no more fairing is necessary here 
then can be done by the workmen fi tting the stringers. 
The uppermost of these usually nm nearly parallel 
to the deck, while the lower ones are approximately 
horizonUil amidships and turn upwards at tho encis 
of the vessel. The main stringer angle is fitted first 
by using long templates of the width of the broad 
flange of the angle. These battens aro temporarily 
fixed in the correct position of tlie angle and the 
rivet holes in the reversed frames, and lugs, if such 
be fitted, are transferred to tho template. 

The rfvet holes m the other flange of tho angle 
may be marked on the other side of the template, 
which can then also be used for tho corresponding 
holes in the intercostal plate. There is no bevel 
given to the angles of hold stringers, as these girdei's 
are fitted square to the side of the vessel. The bars 
and plates have very little curvature for tho 
greater part of tho length of the vessel, and may be 
befit in place by means of iron bolts drawing them 
up to the frames. At the ends tlio ciurvature may 
be greater, and it may 1)e necessary to bend the 
plates and angles somewhat in the beam-bending 
machine or on the frame-setting slabs to a rough 
mould or merely to the eye judgment of the wow- 
man. The intercostal plates are usually fitted in 
long lengths and scored out for the frames as shown 
in The fitting and riveting up of hold stringers 
add considerably to tho rigidity of the structure 
generally before the shell plating k in position. 


Continved 
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THE PRINT4fNG OF BOOKS 

f/lodern Equivalent Single and Double 
>dale, Miehle, and Perfecter Machines 


The Early Hand Press and its 
Cylinder Machines. The 



has 

pre.sft 


By W. S. 

*T1B[E invention of Iettcvpre.ss printing was a great 
* achievement, but the early printing press 
was a poor piece of mechanism. In conception 
highly ingenious and admirably adapted to its 
purpose, the pre^s was badly constructed. 

The Early Printing Press. It was a kind 
of screw press. Two stout beams supported the 
cross-beam, which held the screw firmly bolted 
into the platen or pressing-board. A handle was 
fixed through an eye in the lower end of the 
screw. Resting on a strong frame, the type- 
carriage, or coffin, contained a smooth, flat stone 
to give an even surface to the bottom of the type, 
and loosely hinged on the outer end of the 
carriage sat the iympan and frisket. These last 
were frames, the former filled in with two ply of 
parchment, the latter covered with paper. The 
tympan v as a double frame, front and back, the 
back frame being detachable. On these parch- 
ment was stretched, like the head of a drum, 
and between them lay several folds of paper and 
woollen cloth, in modern practice blanket. 
Similarly, stout paper was stretched on the 
frisket. The page to >»e printed was laid, the 
face of the type upward, on the bed of the 
carriage, and firmly locked in. At the side of tho 
pressman stood another workman, who manipu- 
lated a pad on a stone slab, on which a sticky 
ink was spread, and who dabbed ink all over the 
surface of the type. The pressman laid a sheet of 
paper on the inked type, folded down the frisket 
on the tympan, folded the tympan on the typ<5- 
carriage,and together the two men pushed the 
carriage along to wliere the page would lie just 
under the centre of the platen. 

Hand Printing. Then they took hold of the 
handle of the screw and pulled it round, depress- 
ing with considerable force the platen on the 
type-carriage and its contents. The carriage was 
drawn out again, tympan lifted, frisket flapped up, 
and the sheet taken off — printed. The page left 
a deep impression on the tympan. The pressman 
ran his knife round the edige of the impression on 
the frisket, and cut it out, leaving a hole a little 
larger than the page. He used the mark on the 
tympan sheet differently. Carefully measuring, 
he fixed on the sheet at proper distances tal^s, 
or slip,s, or pins, which held a sheet so that it fell 
evenly, and in correct position on the page. 
But ‘ho bad not finished. Observing that 
the impression was not regular, or. a part 
being deeply impressed and another faintly, he 
pasted thick pieces of paper on the faint parts, 
paper not so thick on the parts less faint, 
working it all up to a level of impression. Then 
he was ready to take another proof. The frisket 
was folded on the tympan, showing that it was 
designed to protect the sheet from the furniture 

5744 


ke^ 

tympan was folded 
^ XK Ati*‘ and the printing repeated, 

•i. .-nfet ® Modern Hand Press. From the above 
It appear that, enide though tho early print- 

ing PT frai ess was, it embodied eve^ principle of the 
mostjg ^ modem hand press. Frisket and tympan 
? latter are iron framed and hinged ; the 
” 1 ^ carriage is wrought iron, hard as steel, 

lypc-carriage itself is iron, mnning on 
piootti 1 ,^ driven by a bolt ; the platen 

smooth and hea\y ; the screw' has 
lovers and springs ingeniously 
) ^%>rf lighten labour ; but in no particular 

>0 princi]>le changed. The modern hand 
a saves time and labour, and enables the 


man to produce better work. 

j8< 


tessout the middle of the seventeenth century, 
some inaportant improvements were made 

y irj\ Blaeu, of Amsterdam, who devised a 

winamg i which the type-carriage was 

drawn ^ attached to the screw 

a spnng, waU assisting the pull, ^ew' the 


^Tow backtto 

without much improvement on tl 


Dutchman 
hold of th^'. 


[ a 
L the 


s invention, and then, on the thres- 
noiu OT ^ nineteenth century, Earl Stanhope 
brought out hfs . . 

the first to print ^ impressio^ 

intrt^uccd the lerer p , t' 

The Columbian jgjg 

American cousins sent over^. __ 
the Stanhope press, still in use, a*. , nnflv «nTv» a 

the Columbian press. This press is Joohc 
heavy in construction, but it is easily worked and* ^ 
suited to large formes, posters, ana heavy work 
generally. The chief feature of the Columbian 
press is the huge iron slab across the body of the 
frame, balanced on the shaft of the platen, and 
counterpoised by a heavy weight fixed on a rod 
at the back, and an eagle sitting on a long bar 
on the head of the frame. At rest, this iron 
beam slants upward, and at .the upper end 
double elbow joints connect it with the horizontal 
bar fixed in the socket of the handle. When tho 
handle is pulled, the beam is brought into a 
horizontal position, resting its weight on the 
platen shaft, and pressing do^vn on the platen. 
Released, the handle flics back, and the beam 
resumes its slanting pose. 

Th© Albion Press. The Albion press [88], 
invented by Cope, is typical of British engineer- 
ing. Compact, well wrought, and finely finished, 
this press also works on the lever principle, but 
with loss weight than the Columbirn. From the 
head of tho handle ah iron bar eonneots with aiv* 
irregularly-shaped crank of great weight, with^ 
a finger on its underside that fits into tho socket 
of|p^umbler, or wedge, set in the head of the 
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Hhovt shaft of the platen. The tumbler slants 
when at rest, but when the handle pulls the 
crank, the finger brings the tumbler into a vertical 
position, and presses down the platen. No bolts 
secure the ingenious mechanism ; but, actuated 
by a spring in the head of the press, a long bolt 
comes down, and holds the crank and tumbler 
iirmly yet freely together by mere pressure. 

In newspajK^r offices the hand press has little 
to do, except giving off proofs of process blocks 
and odd pieces. In book establishmc'nts the 
position of the hand press is <;urious. On the 
one hand, it is used only for proof work ; but. 
on the other hand, in the platt^ and engraving 
department, as we shall see, the oldest fonn of 
press is the honoured tool of the ai'tist. 

Roller*. Rollers are the tools with which 
the printer distributes the ink over the typt‘, 
and are therefore indispensable. The body of 
the roller is a composition, generally treacle and 
glue, moulded on a core. Hand rollers are etvst 
on a hollow core, brass tipp(id at each end, to 
hold the iron rod that links into the ends of the 
bent bar in which the handle is set. It oilers 
may be of any size needed for the work, 2 in. or 

in. in diameter, (i in. or (i ft. long. Machine 
rollers are cast solid on an iron core, the ends of 
whicli are spindles, for taking on driving gear, 
and sitting in the forks on the side frames of the 
machine. The soft, elastic, smooth, and slightly 
«‘idhesiv(^ material of M'hieh they are compost'd 
makes the rollers draw out the thick ink to 
thinness, and softly treat the type. 

InK and InK^tablea. Printing ink is 
practically thick paint, with the addition of a 
stiffening varnish. The object of inking is to 
cover the type with the thinnest of thin coats of 
pigment ; it should therefore be worked to 
complete smoothness before the roller is allowed 
to touch the type. 

The best and most durable ink -table for tlie 
hand press is zinc-covered on the top 1 89]. The ink 
is spread at the back of the table, and from this 
Ht(x?k the workman takes additional supplies, as 


wealth of mec^hanieal appliance gi'cater than the 
wildest hope could have imagined. Printing 
machinery is the finest product of the engineer ; 
for accuracy of adjustment, rapidity of move- 
ment, directness of action, and harmony of 
parts, the machines are unrivalled in the world 
of mechanics. 

The Four Classes of Machines. Printing 
machines belong to four classes — the platen, the 
single cylinder, the double cylinder, and the r< jtary . 

Platen machines belong to the jobbing depart- 
ment, and fall to be treated under that head ; 
rctanj machines occupy a class by themselves ; 
they are the machines of the newspaper, 
ixuiodieal, magazine, or popular book factory, 
and require a separate chapter. We will hero 
deal with the mnqle and dauble cylinder machines. 

TheWharfe- 
dale. To select 
one machine from 
a class so numer- 
ous seems in- 
vidious ; but rn) 
book of reason- 
able dimensions 
could contain 
deta'led dcscrij)- 
tion of even half 
the machines on 
the market. We, 
on that account, 
restrict ourselves 
to a single re])re- 
sentative of its 
I yt>e, the Whai*fc- 
(.iale. 

This moi'hine 
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of a cylinder 
mounted uj)on parallel side frames, firmly bolted 


together by cross-bars, and a Hat type-carriage, 
or coffin, with inking-table attached ; the sheet 


feeding board at one end, and the taking off boa i d 


at the other, cover in the mechanism, all but 


required, mixing 
it well to smooth- 
ness before again 
using the roller. 
The tables of the 
various machines 
are described in 
connection with 
the machines 
themselves. 

Simple as these 
facts ap|X)ar, 
some experience 
is needed for the 
proper use anil 
care of rollers. 
Cleanlin ess 
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the cylinder, like two lids. The cylinder is a 
large hollow roller, having an aperture 5 in. 
broad along its whole length. Held on the to}) 
of the side frames by gun-metal brackets and 
l>carings, the cylinder has no motion of its own. 
Within the body of the cylinder, at each side, 
a ring of teeth is deeply cut, and these correspond 
to the rows of ttH?th on both sides of the coffin. 
Wo shall seo them act together presently. 

Mechanism of the Single-cylinder 
Machine. Ilie centre of the motion of the 
machine is the coffin, or ty})c-(^arriag('. Fi'oin th" 
main driving-shaft a strong steel coimecting-rod 
propels the set of toothed wheels Uiat impart to 
thi^ type-carriage its reciprocating motion. Travel- 
ling forward iindiT the cylinder and back again 
with unfailing regularity, the ty})e -carriage is a 


here, as in most things, is a prime virtue. 

Cylinder Machines. After many ex- 
periments, “ The Times *’ was printed in J8J4 on 
a cylinder machine, steam-driven, invented by a 
(fcrman named Koenig, and before the middle of 
the century several good machines had been pro- 
duced ; at its close the printing trade possessed a 


fiat slab of steel, resting on rails, with small 
rollers lieneath its centre to facilitate its motions. 
Behind, and of a pii'cc with it, is the inking-table, 
with ink-duct containing the ink supply and 
two mixing rollers lying across it and set in 
forks fixed in the side frames. The ink su}>})ly 
is regulated by a ratchet gearing at the side^ 
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and as it oozes out the mixing rollors distribute 
it smoothly over the table. Furtlier along, in a 
position Miiore they come in contact -with lK>th 
type-carriage and ink-table as they move to and 
fro, lie three other rollers, which transfer the 
iidc from the table to the type. Before starting 
the machine, the feeding and flying apparatus 
must be olwerved. 'Along a bar fixed in the opt*n- 
ing of the cylinder a series of brass fingers, called 
grippers, are fixed. A spring inside the cylinder 
holds the grippers ^ight, and by a short ai m 
acting on a solid pulley at the side.they are oiieued. 
On the othtu* side of the cylinder a curious 
combination of lattice tapes and forks sits across 
the machine. This consists of two wooden 
roller's, set alH)ut a yard apart, and Ixjtwoen th<‘m 
the tapes are stretched. Tiie one roller sits abovt* 
Oie <*vlinder, and is equipped wiih grip{HTs so 
geared that they come inlo tlic o|XMiing <»f the 
cylinder at the proper moment and take aAvay 
the ] printed sheet. The tajM's bear it off and give 


The “ Miehle *’ Two - revolution 

Press, Amcmg the latest improvements in 
printing machinery is the introducticHi of the 
“two-i*evolution ” action, of which the “Miehle” 
1401 is considered to l)e the best embodiment, 
like the Wharf t*da]e, it prints on one side only, 
but operates more swiftly and acr!urately. 
Similarly, though the feed-shec^t and flying 
arrangements are improved, they do not differ 
in principle fmni those ah*eady described. A 
printer \\ ho has learned to work the oldiu- machines 
would have no ihflieulty with the “ Miehle ; in 
fact, he would And his work easier, after he had 
got into the way of the newer mjiehine. One 
feature of the “ Miehle ” is woi thy of s()ecial 
notice. Though only a single-evliiider machine, 
it has bei'ii suoeessfully used to print two-ef)lour 
and tUree-eoloiir illiistnitions. Twt», or in the 
latterca.se tlm*e, maehim*s are placed in tandem, 
and eonrieeti d with the s^irae drive. Tin* sheet 
pa.sses through the machines in continuous siic- 
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it to the flyer — a set of wooden lathes fitted on to 
a stout bar that derives its flying motion by 
means of a earn from the main shaft. 

Starting the Machine. The driving- 
lielt is put in position, the main shaft lx‘gins to 
turn, the carriage lx?aring the forme moves to 
and fro, the inking-table with it, and the feeder 
takes his sheet from the board. With one hand 
he touches a lever that brings the cylinder into 
gear, and with the other sends the sheet against 
the grippers. The ty])e-carriage has come for- 
ward and the toothed racks on each side pull 
the cylinder round -aith the sheet in its hold. 
Type and cylinder close, and the sheet is printed. 
As the sheet comes up again it is gripped by 
the taking* off apparatus, borne along the tapes 
to the flyers, which flop it fa(*.e downwards on 
the board. And all the time the rollers have 
been mixing the ink and inking the type as 
table and type^.-earriage moved to and fro. ^ 
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cession, and they are so exactly alike in every 
particular that an illustration as jx^rfwt as 
though printed on a single machine is produced. 

Double-cylinder Machines. In the 
year 1818, a firm of machinists, Messrs. Apple- 
garth & Cowpe^r, produced a double cylinder 
machine, designed for printing books. Our 
interest in this machine is niort* than historical ; 
it is practical ; for in many of the best 
book-printing establishments slightly improved 
“ Applegarths” are still used. The huge frame- 
work, 15 ft. long by 5 ft. broad, holds within it 
two large hollow cylinders, 0 ft. in circumference, 
2 ft. apart, and revolving towards each oth<*r. 
Betw'een the cylinders hang two *WQ()den drums, 
running in opposite directions. Very conspicuous 
are the endless tapes winding round the two 
cylinders, two sets coming from opposite dirt^c- 
hpns, and crossing each other stretched on tape- 
wirs, gc»ing together round the first cylinder. 
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parting in the middle, the one to go over the 
centre drum, the other passing round a tape -bar 
low down, and meeting again on the second 
cylinder. No sheet could be expected to run true 
on cylinders so wide, and those tapers are designed 
to hold the sheet straight, and they part in the 
middle to let the sheet free aftc*r it has been 
printed. The two middle dnims have also an 
important function to perform. When the sheet 
has been printed on the first cylinder, it must b * 
reversed to print on the second. The two drums 
turn the sheet and deliver it to the second cylin- 
der with the printed side uppermost. To drive 
those huge cylinders on the tooth and pinion 
principle of the Wharfedale would involve an 
enormous strain on the type-(*arriage ; therefore, 
they are driven direx^t from the main shaft in the 
<irdinary way. Othcrw'ise this machine is similar to 
the Wharfedale, and, w'orking under ordinary con- 
ditions, nins at tlio rate of 7(W) copies an hour. 


it appeared to the invontois, Messrs. Donkin & 
Bacon, that greater speed could be obtained 
by another method. This was done by mounting 
the carriage on an ingenious combination of rack 
and pinion wheel. This pinion wdieel, fixed on an 
upright shaft, reels the type-carriage foi‘W'ard 
under tin cylinder, and then by an arrangt^inent 
of moving bars, the rack is pulled round to the 
other sidt* of the pinion wheel, wliich sends it 
and the carriage in the opposite din'ction. 

Th** sheet is fed into the grippers of the fir.sl 
cylinder, and is held b}' the tapes while the cylin 
der revolves on the incoming tyjK^-camage. 
fiuided by the bands, the sheet printed on one 
side travels through the reversing drums, which 
turn it over, and present it properly to the 
second cylinder. Aft<*r iiassing through, the sheet 
drops dow'n, printed on both sid(«. If the tvfx* 
has been correctly laid, every two consecutive 
pages, odd numlxM* and even, will lie cxa(‘tly 



41 . THE MIDDLETON PEUFECTINa DOUBLE-CYLINDER MAriTTNE (T. Middleton dr CO.) 

The Pepfecter Machine. There arc he- ontheba^ k of eax'h other, or, in tci hnical phrase, 
Ween 20 and 30 different machines of the ]ierfeoter the pages are in /^cr/erf rr(/f .sfer. 

type at present in use. Some are only combina- The Marinoni. The Marinoni iiw-hinc 
tions of the Applegarth and Wharfedale machines, differs in several important details from the 

with minor variations ; many, indeed, are double ordinary jierfecter. The cylinders are set close 

Wharfedalexi, labelled with fancy names, and together, intermediate drums being disixnsecl 

nothing more. To avoid needless repetition, and woth, and w’ork in gear on two pairs of upright 

add to the knowledge of the reader, wt select movable frames w’hich alternately lift thein up 

the machine generally known in the trade as the and dowm. By a rocking motion, automatically 

qmfecter [ 41 ], and possessing special features. In regulated, the cylindeiv dip down on the in- 

its “ upper works ” this machine resembles coming formes, and lift to let thtmi jiass l^*k. 

the macliine descrilied above, excepting that it is Unlike most other double cylinder machines, 

lower sot and easier to get at. The prime charac- the Marinoni has not two separate tyiw-camages ; 

teristic of this macdiine is the arrangement by the two ai’e simply divided by a bar. Tliis en- 

which a swift reciprocating motion is imparted tails some modifications of the ordinary perfccter 

to tlie two typo-carriages. With the impetus mechanism. The Marinoni is a very complex 

of such a heavy body to control, the Wharfedale structure, but when kept in working order it 

arrangement might have seemed the safer ; but produces fine printing at high speed. 

Continued 
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Group 24 

PRIME MOVERS 

TYPES OF STEAM ENGINES 

3 

Principles, and Construction of Beam, Vertical, Simple, 

CouUnucil fritiu page 364^ 

Compound, and Higfh-speed Self-lubricating^ Engfines 


By JOSEPH G. HORNER 


'T^HOUGH engines vary to an almost infinite 
extent in their details, the very broad types 
admit of elassifieation. 

Ream Engines* I'hest* are the oldest forms, 
the direct deseendants of the first mine ptiinping 
engines. They are still made, but in small numbers, 
though with all modern improveim'iits embodied, 
and still ehiefly for pumping stations. There is no 
objection to the engine as such. It is a usefid and 
durable type, and eaii be built to yield as high 
eflieieney as any modem engine. Hut the faet that 
cmgines of other ty]»es of e<|ual power o(‘enpy less 
sp.joe has led to a lessening <lemand for it. Curiously, 
it is retained on Anieriean river paddle st€*ainers, 
and was for long used on ocean service in a moditi(‘d 
form — that of the side hver vngiiicf*. In these, 
instead of a single beam situati'd overhead, 
two beams were located low down at about 
tlie level of the base of the cylinder, an 
arrangement made in order to get the entire 
engine beneath the deck. Conneetion bc*- 
tween one end of the l)eara Jind the piston 
!od and its erosshead was effected by side 
rods, one on ea<*h side of the cylinder. To 
the other end of the beams the connecting 
rml was attached by tlu* medium 
of a crossbar; and the crank 
connected end of the rod — in 
this ease, tlie upfiereiid — rotated 
the paddle-wheel shaft. 

A common beam engine of 
modern ty]K‘ jmssesses the 
following elements. The cylin- 
der, with its axis set vertically, 
and driving to one end of the 
beam, pivoted thereto with a 
'parallel inotiou. The beam is of 
cjist or wrought iron, with large 
trunnions rocking in bearings 
carried on an entablature on 
]>illars. The connecting rod, 
pivoted to the other end of the 
beam, turns the crank and fly- 
wheel. The cylinder is jacketed 
with steam, and lagged^ or cleaded, with wood or 
sheet metal, enclosing felt or some other non-con- 
ducting material. The beam is utilim^d as a means 
of atiacliimuit for various dejamdent pump rods. 
The air pump for pumping hot wato and air out 
of the cond<*nMer into the hot w'ell is actuafi’d by 
ite own rod. The pump is in direct eonimuniea- 
tion with the condenser, which receives the exhaust 
steam from the cylinder. The condenser is set in 
a large tank of cold water, co supply which is the 
function of the cold-umter pump, also o[)erated from 
the beam. The feed pump takes water from the hot 
irell, and delivers it to the boiler. 

Vertical Engines other than Beam 
Engines. For nearly a century there was pre- 
judice against the use of any engines in which the 
axis of the cylinder was not vertical. It w'as 
believed that the cylinders and pistons of horizontal 
engines suffered more wear at the bottom thaiu|Pf 
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the to]», and that friction was more seven* in these*. 
This partly explains the long persistence of the 
vertical tyfie. But there are other reasons why the 
latter is used very extensively at the present f)eriod. 
First, it is compact, and occupies less ground area 
than a horizontal engine of equal jM>w'cr. Secondly, 
it is more convenient for some classes of driving, 
notably central station work. In others, it is practi- 
cally the only design possible, as in the modern niariiu^ 
screw engines. Hence, vertical engines octnir in a 
range of dimensions w'hich include alike the smallest 
and the largest sizes (jf engines mannfaetiired, or 
from 2-horse jjower to several thousands of horse 
pow er, and in non-condensing and condensing tyiK*M. 

General Arrangements, An engine of 
vertical tyjs* almost invariably has its cylinder or 
cylinth'rs in the hjghc*st f>ositions. and its 
crank shaft in the lowest. There is a 
tyf)e, now nearly obsolete, in whieli the 
cylinder was carried on a table, and the 
crank shaft was overhead, hence termeil a 
tabic cwjine. It was unsteady. The advan- 
tage of having the cylinders uppermost is 
that the weight of the rotating crank and 
fly w heel is kept low down, and tlie c*entre 
of gravity of the engine is 
lowered, and the tendency to 
vibration lessened. Moreover, the 
engines arc general I v designed 
so as to mass much dead W'eight 
about the baat*. The uprights, 
or standards, art* spread out 
widely, giving a large area t»f 
base, and box .sections are 
adopted for the standards, so 
that the engines run steadily. 
The up and down reactions, due 
to the movements of the piston, 
are ininimised by bolting the 
framing down to secure founda- 
tions. 

The framings of vertical 
engines may be cast solidly, or 
built up in two or more parts. 

A common and neat design, suitable for the 
smaller types, is that in wliich the entire standard 
is a solid easting fl9], made partly or wholly by 
coring out, including in it the erosshead guides, 
and in many cases the crank shaft bearings and 
foot. In some designs the cylinder is also cast in 
one with it, and a jacket cast around the cylinder ; 
but the risks of a largo waster casting in the 
foundry are then increased. 

Another common design for both little and big 
engines is that of two standards bolted on a base 
plate, the cylinder being bolted to the to])8 of the 
two standards. Below the guides the legs spread 
out for stability, and to clear the sweep of the 
crank. The crank shaft bearings are cast or bolted 
to the base plate, and the central portion is rocessod 
to clear the crank and connecting rod end. 

In another design, a single standard is used bolt<.‘d 
on, or east in one with a base [20]. The cylinder is 





bolted above, or BoraotimoH to a vertical face of 
the standard, and the, crank shaft bcuiringH are on 
the standard, or more commonly on the base. The 
cylinder fitted thus overhangs, which may be the 
(taiise of unsteady movements. Hence, in most 
engines of this kind, additional support is given in 
the form of a strut lad ween an extension of the top 
of the standard and the base, seen in the front of the 
illustration. 

Tliere are no engines larger than those which 
proj)el the great ocean liners with the combined 
|3owor of from 20, 000 to 30.(KK)-horsc |>ower or more. 
These are all now of the iof), or inverted cylinder 
ty]x^ with standards built on the double model 
attacheil to a base or bedplate. These are all of 
eompouiid tyiws, often including six (cylinders with 
their fittings, to a single set of engines, to which 
another notice will be given in a later section. 

7'here is another great group of vertical engines, 
which form a class by themselves, though 
subject to much variation in theii* details. 

1'hey are termed high speed or, more properly, 
hiyh rotative engines, and they owe their 
development to the demands of electric 
lighting and power stations, in which the 
]>rae.ticc of coupling the engines directly to the 
<lynamo which they drive bus displaced the 
older belt connection, d’ho demands for a 
high rotative speed, with a possible variation 
of not more than 1 |)er cent, or 2 |)er cent, 
from normal sjieed, maintained for months 
continuously, has been the 
cause for the d(‘vclopment of 
somo marvellous engines that 
fulfil these condition8[x;rfoctly. 

Vertical Compound 

Engines* A favourite tyjw 
of engine is that shown 
by the illustration |21], 
one made by Ransomes, 

Sims, & JeHeries, Ltd., 
a single engine built on 
precisely the same model 
as 20. Engines of this 
general build — inverted 
cylinder type — are large- 
ly used for ship lighting 
purposjs. 'I'lio main 
framings, as already 
briefly noted, are often 
modified The follow- 
ing are the leading 
features to be noticed in this desimi. 

The engine bed plate A, whicn is in one hollow 
casting, carries the whole of the engine quite inde- 
]»endently of the bed below it, which receives the 
dynamo, and on which the self-contained engine is 
bolted. The half section to the left at a [21] shows 
the crank pit in section, in which the cranks and their 
counterbalance weights dip. The style of standard 
B, similar to that in 20, has the advantage of leaving 
the whole of the front of the engine open to inspe- 
tion. What it lacks in front support is provided by 
the diagonal steel pillars CXJ [21], set in the plane 
of the axis of the cylinders. The guides ore neces- 
sarily flat faces only, and the strips bb confine 
the crosshoads D. The connecting rod top end 
brasses have provision for taking up wear by 
means of the wedge-shaped cottar bolt c. E and 
F are respectively the high and low-pressure 
cylinders, and their valves are shown in section 
at G and H. J is the throttle valve through 
which the steam supply passes to the higli-pressure 
cylinder E. 
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We now meet for the first time with piston- 
vjilves, G and H. The reason why thcst» are used in 
preference to the D slide-valves of 5 [page .^>658] 
is that they work in equilibrium, and so avoid the 
severe friction of the slide-valves w hen steam of high 
pressure is used. The sh^am jircsMcs equally around 
the piston- valve, and the* only friction is that flia- 
to the close contact of the valve in its liner. The 
valves and seats in good practice arc turned, bored, 
and ground. Metallic spring rings are used in order to 
maint-ain the valves stcmmlight as they wear. But 
inconsequence of the large circumferences in contact, 
the w'car of such valves is very minute in amount, 
and they often run for several years without n*- 
qiiiring renewal of the rings. 

looking at the valves G and H, the aimulur 
portions at each end. which contain the rings, ojien 
and close the jairts. The ports are of annular form, 
surrounding the valve faces, except for the division 
bars, so that steam enters all round at 
once, and thence enters the passages. 
The exhaust jKirt is also annular, w ith 
bars, to prevent the spring rings from 
ojiening out into the ]>orts as they 
slide over them. The amount of ex- 
pansion is fixed in the. type of valve* 
gear illustrated. The eccentrics are 
seen at K, and the eccentric rods LLlie 
outside tin* axis of the valve spind'es. 
'riiis is nec-cssary in order to give 
room laterally for the cranks and the 
crank shaft lH*arings. The valve-rods, 
therefore, are maintHiiied truly in line 
by the guide. The throttle-valve is 
controlled by the shaft govermir M. 
of the centrifugal tyj>e. acting upon 
the throttle-valve ,I by 
means of the lever N. 
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'Phe s|H’ed can l>e rrgii- 
laterl by a hand wheel. 
Provision for lul>rication 
will be noted. O is one of 
tlic two central oil-boxes 
whence brass piiies, not 
shown, pass to the mov- 
ing parts below. Variou.s 
oil-cups in connect i n 
w'ith the.se pipe^ will be 
seen in the views. The 
great depth of tin* 
pistons conduces to 
durability. 

Hish-speed SelMubricatin^ Engines. 

'riieso engines (22 and 28] are the outcome of th<* 
demands of electric lighting. The earlier practice 
W'as to drive the dynamos with belting from 
separate engines. This occupied much floor area, 
and was not sufficiently steady. The present 
practice is t-o couple the dynamo directly to the 
crank shaft of it.s engine, which is a compact 
arrangement. But this ref|iiirc8 that the eiigiae.s 
shall run at the same sj)eed ns that at w'hicli the 
dynamo must run, since tlien* can la* no 8ixM?ding up 
ns by belting : hence the term high-speed engines. 
The high 8}ieed8 of tor]iedo boats have also been a 
potent cause in the growth of these engines. 

The term “ high speed ” does not, however, 
imply an unusually high piston speedy for many mill 
engines of long stroke liave a higher speed of piston 
stroke. The term relates to the rotational speed, for, 
while the stroke is short, the speed of rotation 
ranges from about 2^ to fi50 revolutions per 
minute, according to the power of the engine; 
hence the term high revohUitm is more appropriate. 
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s])(H*(ls sImII rot vary niort' thtni, say, 3 per 
cTiit. from the I rale of running when working 
between the fi of a central station and no 

load at all, the litions are extremely stringent. 
Yet these engiii re guaranteed to aeconiplish all 
this, and do .‘ar in, year out, at numerous 

('leetric lighting and power stations. 

The i&elliss Kngine. The best known of 
these pioneer ty]M‘s are the Helliss (shown), and 
the VVillans, to be illustrated later. The compound 
engines [22] are completely enclosed (compare with 
23), the only moving parts visible l)cing the flywheel 
ami the lower part of the [•i'ltfjn, and valve rods. The 
base, or the cranl:-pit^ is made to form a rewptaele 
for the oil used in lubrication. This is indieat(*d 
by the shading in the drawing. A vnlv<*less pump. 


oil drains back iiiU* the tank, to be used over and 
over again. This device, now grow'ii familiar, was 
originated by Ah'ssrs. Bidliss & Morcom in 1890. 
It has been proved that a eompoiitid engine of 
I50-hor8e power does not retjuire a suj»])ly of more 
than 4 gallons of oil in a |KTiod (d’ 3,188 working 
hours, being al the rate ot , J-^^th of a ]»int |H'r hour. 
Nor is eeoiiomy and autoinutie running the only 
adv'aiitage. 'Phe n*gulai’ and fidl siijtply taking 
place under pressun*, forces a lilm of oil between 
the lM»arings, and so prev<‘nts knocking, noise 
and w'ear. 0\er and over again engines tlial 
have been running for four or five years have been 
ovcrhauhal, only to timl that the amount of wear 
has bc^ii so small that it could only he measured 
in such figures as from ,o'od in. in several eases 
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nAyir o** ttsVu iw. The oil does not becomo 
contaminated with dust, because the parts arc 
enclosed. Neither can any of it splash outside. 

Governing. The governing of these engines, 
by which extreme variations in load applied 
produce only from 2 j)er cent, to 3 jxir cent, 
tliiferencc in the number of revolutions of the 
engine is a feature of much value. The governor, 
shown at B, is of the aJuift type — that is, it is fixed 
on the crank shaft instead of being driven from 
the shaft by belt, chain, or gears. Shaft governors 
arc practicable only when the rotational six^eds of 
engines are high, otherwise governors must le 
driven by belt or gears to give them an increased 
rate of sjwed over tliat of the engine. The governor 
is also of the centrifugal type, as distinguished from 
those which are based on the cone. The centri- 
fugal action of the balls is resisted by the tension 
springs attached to them. In addition there is an 
adjusting spring by metins of which the number of 
revolutions can, when desirable, be varied by 
turning a hand wheel while the engine is running. 
This spring is not shown on the draw- 
ings. nor the connection to the rod h of 
the throttle- valve C. by which the supply 
of steam to the high-pressure steam eliest 
is governed. This valve, (/, is 
of the equilibrium, or double- 
faced ty]H', which we shall 
meet with in other 
forms. It has the 
merit of opening and 
closing with a mini- 
mum exyxmdituro of 
IKJwer and frictional 
resistance, due to the 
fact that the ].>ower 
required is only that 
corresponding with 
the ditlcronee of area 
o]icned by tin. two 
faces. The results given by these governors are excel- 
h’nt, and these engines are therefore highly suitable 
for electric tramways and railways as well as for 
electric lighting. Six sets of these engines supplied to 
the Waterloo and City Electric Railway in 1898 were 
re(piircd to be more sensitive even than is usually 
required. The load in the tube varies sometimes 
from the maximum to nothing within a few seconds. 
A sixcially sensitive governor was thoroforc fitted 
to ihest? engines, and a flywheel heavier than usual. 
^Vith a load that varied from 50 amperes to 330 
amperes, the variation in speed, including the 
momentary variation, was only three and a half 
revolutions, or from 380} revolutions to 384 revo- 
lutions. This was less than one-half of 1 per cent, 
fi om the 8i)et^d corresponding with the average load. 

Steam Passages. The arrangements of the 
steam jyassages cun be traced out clearly in the 
drawings (22]. Steam passing through the throttle 
valve C enters the steam inlet passages D and E. 
The valve F, operated by an eccentric from thc> 
crank shaft, is oijcn to lead, admitting steam from E 
into the passage G of the high pressure cylinder, 
so pushing the ]>iston H downwards. The steam 
below H is now exhausting through the passage .1, 
and goes through the slide valve into the passage 
K, ])ast the edge of the valve 0. 0, being on the 

same stem as the valve F, partakes of its motion, 
and, moving upw^ards, admits full steam at the 
bottom of the low pressure piston L, pushing it 
upwards. Steam now exhausting from above tho 
piston, enteis the passage M and the exhaust 


passage N, and so out through the pipe, the flange 
of which is seen dotted behind it. Thus the steam 
enters alternately the top and bottom of the high 
and low pressure pistons, which is the reason why 
the passages are long and short res]>ectively. The 
cylindrical vfilves F and O are designed for a fixed 
rate of expansion, but automatic variable expansion 
is provided for in some cases. 

There are a number of inteicsting details 
about these engines which can only be men- 
tioned. They include the counterbalance w'eights 
to the crank shaft which conduce to steadiness 
of running, holes in the ])eriphery of the flywheel 
to bar it round with to start the engine, a 
solid disc to the flywheel to reduce air friction, 
drain cocks to each of the cylinders, the sx^ring 
rings of the ]>iston, the sheet steel lagging to the 

cylinders, the fitting 
of the glands, the 
design of the iiiaiu 
liearings and of the 
crosshead. The en- 
gine illustrated is of 
10 in. stroke, the 
high-pressure cylin- 
der of 15} in. bore, 
the low-pressure of 
24 in. The steam 
piessure usi'd is from 
140 lb. to 150 lb. |R*r 
square incli. In addi- 
tion to the compound 
ty|>e as illustrated, 
self lubricating en- 
gines are .also matle 
in other varieties, as 
single-crank simple, 
single-crank tanclein 
compound, t h r e e- 
erank sinijilc, three- 
erauk comi>ound, 
and three-crank triple cx])ansion. 

Lubrication. The method of lubricating this 
class of engine is one that has much interest for 
engineers. The same princijile is largely adoptetl in 
machine tools of automatic and semi -automatic 
types. Oil is forced by a pump, generally of c*enfri- 
fugal type, through ])if)ing to the localities where it 
is required. It is usetl over and over again, being 
filtered for the j>ur|x>8e. Cutting tools and work are 
thus kept cool, and the prodiurtion increased. When, 
as in these engines, oil is forced between bearing 
siirfa<^es, wear is impossible, sim])ly because the 
siu-faces never come into actual contact. It does 
not matter how thin the film of oil is ; it may be 
only ]wirt of an inch, hut it suffices to sexiarate 
metal from metal. Moreover, a light, thin, chejqi 
oil can be used, which could not be employed if the 
oil were fed by gravity alone. A thin oil would run 
away too quickly, and hence a thick oil, with more 
body, and more expensive, w'ould have to be used. 
Also, with automatic lubrication, one man con look 
after several sets of these engines. Tho oil is filtered 
through a strainer in the bottom of the crankpit, 
and is drawn off at intervals through the drain cock 
in the bedidate seen near the ladder. A little water 
beooiTies intermixed with it from the cylinders, for 
a feature of these engines is that any condensed wator 
in tho cylinders must drain downwards. The doors 
can be removed for the inspection of the engine with- 
out any oil splashing out, because the craidcs do not 
dip under the oil at all. In engines where the cranks 
splash uj) the oil, this is sometimes inoonvenient. 
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ELECTRO-CHEMISTRY 

Uroadly H)^akinjs, the term e^ectro-chemisfry 
coverH every branch of knowledge and of applied 
science or art in which electricity and chemistry 
together constitute the most prominent features, 
blit it is our purpose, in this course, to treat of 
those principles which have been actually made 
use of in the manufacturing w^orld, and also 
to describe some of the prot’esses themselves 
as they are actually in practice in the present 
day. Over 1,300 years ago Zosimus recorded the 
fact that iron immersed in a solution containing 
cop]>er accpiired a coating of the latter metal, and 
as late as 1000 a learned professor of chemistry in 
Helmstadt l>elU*ved that iron could be changed into 
copper in this way. In about the year 1799. Volta 
gave the world his voltaic battery, which enabled 
Wollaston and Cruikshank to discover that by 
means of a voltaic current of electricity metallic 
copper could be deposited on to any metal. 

Electricitv in Chemistry. These men 
further showed that what whs snpjxised at first 
to be a transmutation of iron into copper was 
in reality only part of the iron changing places 
with the eopi-wr in the liiiuid, so that, whereas some 
of the iron dissolved in the 1i(|uid, a correnponding 
amount of copper was deposited on to the surface of 
tbe iron, in metallic form, and what at first a^ipeared 
to be a transmutation from iron into copper was really 
an interchange of metals by a vself- contained electro^ 
chemical process. In 1831, Faraday found how to 
jiroduce electric currents by mechanical means, 
and he also did much vital work in connection with 
the laws of electro-chemistry. From this time 
onward the .science developed rapidly; voltaic 
batteries were improved, electroplating was devel- 
oj>ed, cleetrotyping bef^ame an art, and at last the 
refining and extraction of metals was brought 
about successfully by the aid of the electric current. 
It is much to be regretted, however, that the 
mysterious agencies of electricity and electrolysis 
have been exploited only too often by clever 
quacksalvers, and have been credited with super- 
natural healing powers in every form of disease. 
The credulous public would do well to look more 
to the enlightened members of the medical profession 
than they have hitherto done, and it is to be hojHid 
that, as electricity becomes more fully understood, 
they will be better able to distin^iish between 
what is rational and useful and i^iat is wicked 
and useless in this direction. 

The General Principle* of Electrolyaie* 
To the general public electro-chemistry is an un- 
explored region, with names and terms entirely 
foreign. But to elucidate clearly the processes with 
which we are going to deal it is absolutely essential 
that a clear understanding of the most vital depart- 
ment of electro-chemistry — namely, dectrUtfsis — be 
first obtained, and the student should first master the 
few technical terms hero explained before attempt- 
ing to go further. 

\Ve have elsewhere, in the course on Cho^stry, 
received some idea of how compounds suOT^ as a 
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salt of copper or zinc are built up of elements com- 
bined in definite proportions, and we have further 
learnt that these salts are many of them capable of 
dissolving in water, to form a solution. We 
have also, when studying electricity and electrical 
measurements, learnt many of the firoperties 
of electricity —how it is generated by a dynamo, or 
a battery, and, moreover, how it flows along metallic 
I'onductors, and how its rate of flow can be measured 


in ampcrcH, and its pressure or “ electromotive 
force ” can be measured in and its quantity 

in coulombs, and the resistance whi(?h a conducting 
body presents to its passage can be measured in 
ohms. We have seen that electricity can How 
through a metal like copper or silver without 
changing its character ; but now we come to a differ- 
ent class of conductors — namely, complicated salts 
of metals dissolved in water. Such liquids are i^n- 
ductors of electricity, and often good conductors 
too, but they differ essentially from metals in that 
electricity in passing through them decomposes 


them or splits them up 
into their original con. 
atitmnts in exact pro. 
portion to the amount 
of electricity '/xtssed. 
No action takes place 
in the body of the 
1i(|uid, but only at the 
points or surfaces at 
which the electric cur- 
rent enters and teaves 
the liquid. The ac- 
companying diagram 
clearly shows all the 
essential features of 
an apjmratns which is 
made to bring about 
this process called 
electrolysis |1]. Fhst 


OVNAMO 



1. PRUSCIFLB OF AN 
ELECTROLYTIC SYSTEM 


we have a liquid, or electrolyte^ consisting, for in- 
stance, of copiier sulphate in water ; this is contained 
in an elcctrdytic tank, made of glass, earthen wan', 
or other material. The electric current is first con- 


ducted by wires to the anode, through which it 
enters the electrolyte, passes to the cMhode, and out 
again by a wire back to the generator. The other 
details deyiictod will become (dearer presently. We 
would repeat that t\\Q depositioii of metals and gases 
takes place only on the surface of thecMhnde and anode 
respectively, which together are called electrodes, a 
fact which must be carefully borne in mind. 


Electrolytic Reactions. With the diagram 
constantly before us, let us imagine that the tank 
is of glass, tht' electrolyte a solution of copper 
chloricle in dilute hydrochloric acid, and the elec- 
trodes sheets of platinum. Then imagine that a cur- 
rent of electricity is passing in the direction of the 
arrows, and let us see what takes place. Copper 
chloride (cu[>rous chloride) is a salt built up of the 
metal coyiper and the gas chlorine in the proportion of 
63 parts of copper to 35 parts of chlorine (by weight). 
Now, as the current travels it cm'iea with it to the 






aitrface of ikt cathode some of the con|)er atomn. 
which become attached to the cathode toid form 
a deposit or coating of copper upon the surface of 
the platinum, which thus becomes “ electroplated ” 
with copper. We might continue this ]wooess by 
jMieeing a definite quantity of electricity ihrouyk 
until, say, 63 oz. of copper had been thus deposited. 
Now think of the 35 oz. of chlorine with which the 
63 oz. of copper were originally combined — what has 
become of them 7 Chlorine is a non-metal, and non- 
metals, instead of travelling with the electric current, 
travel in the reverse direction — namely, agaiwd it, 
so the chlorine, ftas been taken to the, mrface of the 
anode. As, however, chlorine is a gas when in a 
free state, it cannot deposit upon the anode as does 
the copper upon the cathode, but it forms there a. 
cloud of small bubbles, which rise up to the surface 
of the liquid and escaj^e into the air. Metals, like 
copper, are therefore said to be de'posited upon the 
cathode, and non-metals, like chlorine, to lx: 
evolved from the anode. There is only one metal 
which is a gas when free, and that is hydrogen, 
which, although it goes to the cathode like other 
metals, is evolved as a gas there and escap's. 
Acids, like hydrochloric acid, are really salts of the 
metal hydrogen, and when electrolysed evolve the 
gaseous hydrogen at the cathode. 

Once more look at our diagram flj and imagine 
the electrolyte to be a solution of Nvlpkate of copper^ 
and the electrodes sheets of metallic copi>er. Again 
pass the electric current as before. Copper is plateil 
on to the copper cathode, and simply makes it grow 
thicker, but at the anode the non-metals sulphur 
and oxygen, whicdi went to build up the cop|>cr 
sulphate, are deposited, and thest* are togetlier 
liberated. If the anode were of platinum they would 
csca]>e, but as it is now of copper they arc able to 
attack or eat it away, re-forming sulphate of copiHT 
again, and keeping up the supply of copper in the 
bath. The copper anode is thus eaten at exactly 
the same rate as the copper cathode grows thk*k(‘r, 
and the process might continued until the whole 
of the coiiper anode had been transferred to the 
cathode. 

These effects are calltnl c/ectrc/yfic reactions; those 
in which the deposited substance is actually liber- 
ated and separated are called primary reactions, and 
those in which it recombines with the liquid are 
called mcondary reacXions. lustonees of both will Im) 
gpven later on, both in commercial use. 

ElectroKshemical and Electro-tkermic 
Eeactions. We have now gained an insight 
into what is known as the electrolysis of solutions, 
but there is another way of rendering a dry crystalline 
non-conducting salt capable of taking the form of a 
liquid and undergoing electrolysis, dommon table 
salt is a substance built u}) oi a metal called sodium 
and the gas chlorine. It may be dissolved in w'atcr 
and electrolysed like copper chloride, although with 
a somewhat different result, os will be seen later. 
But if it be placed in a 6re<day crucible and raised to 
a red heat it melts to a clear liquid, which looks 
like red-hot water, and is capable of being electro- 
lysed or split up like a solution. As a rule, great 
practical difficulties attend experiments upon nieltetl 
salts, but where it is possible to conduct the opera- 
tion the process is extremely simple and perfect. 
Processes of this kind are classed under the heading 
of Ike electrolysis of fused salts. 

Now for a few moments let us forget true electro- 
lytic reactions, as we have come to understand them, 
and think of purely chemical proc^esses, like the 
smeftiug of iron in an ordinary blast furnace. In 
♦his iron ore and coal are mingled in a white-hot 
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furnace : the oxygen of the ore unites with the carbon 
of the coal or coke, escapes hito the air as carbonic 
acid gas, and the metallic iron runs down in a molten 
condition to the bottom of the furnace hearth and 
is drawn off and cast into ingots. Much more coke 
is used than is needed for the separatron of the iron; 
the excess of coke is put in simply to burn, and make 
the furnace and its charge white hot. If we were to 
mix the ore with only sufficient coke for its separa- 
tion and not enough to make it bum when lighted, 
and then heat this mixture by some other mean.*!, 
we should obtain the dwired result, separating the 
iron. have already learnt in the course on 

Electricity that when a large current nf 
electricity passes through indifferent conductors 
it heats them. If, therefore, we were to pour an 
electric current through such a charge wc should 
rai.se it to a very high temp<Tature, and thus effect 
the reduction or scpiration of the iron. Smffi re.'ictioiis 
are known as dectm-thermic or electric -furnarr 
reactions, and may he produced by an alternating 
or a direct current as they are independent of electro- 
lytic reactions, and, although the conductois con- 
veying the current into and out of the cliarge an* 
called electrodes, they are not electrodes (pjite in 
the sense in which wo have so far regarded them. 
The high tem^ierature of the elcctrii- furnace is 
capable of converting ordinary c irhon into graphite. 
This fact has Ix'en largely made use of by the 
Ach^son (lra]>hite Co. in America in the inanufac. 
lure of “graphitised” carbons, which are sp 'dally 
suitable for use as anodes for all kinds of eleotro- 
(dicmical work, being les.s readily corroded and 
eaten away. 

If electricity be forced through a gas by applying 
it at a high electric potential, a phenomenon akin 
to electrolysis is observed. Wc shall de«il with this 
more fully when dis(Hissiug ozone and nitric acid, 
but in the meanwhile it may l)e observed that, 
although (‘oming under the head of Electrt>- 
Chemistry, it should not be regarded tus really 
electrolytic. 

Copper R.efiilln|S, This metal is found in 
the form of minerals, which are smelted down in 
blast furnaces, and then refined by a complicatetl 
and difficult proc'css in a furnace. As many as seven 
operations are involved, but even then the copt>f»r 
produced contains many injurious impurities, among 
them being iron, tin, lead, antimony, and other 
substances. In addition to these impurities it nearly 
always contains a small proportion of the pretiious 
metals silver and gold. All these imfHirities render 
the crude co}q)er useless for drawing into wire or 
rolling into sheet. Moreover, it is highly desirable 
that the silver and gold kicked up in the crude copx»er 
should be separated in order that they may be sold 
as such. The process by which the whole of the 
copper of the world is now refined and the precious 
metals se^mrated is an electrolytic one. 

The refining works consi-st, first, of a foimdry for 
casting the crude copper into large plates to be ust*tl 
as anodes : secondly, there is a large room or shed in 
which stand long rows of large wooden or slattJ 
watertight boxes or “ vats,” in which the refining 
takes ynace ; thirdly, there is a generating house 
for the production of the electric current ; it con- 
tains one or more dynamos, producing a direct 
current, and driven by steam engines or by water 
jiower. Foiu*thly, it has offices and laboratories, in 
which the gold and silver bullion is finally separated 
and refined. 

The electrolyte in the tanks consists of a solution 
of copper sulphate and sulphuric acid in water. The 
cathodes are thin rolled sheets of pure copper. Each 
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tank contains several thick crude copj>er anodes 
and thin pure cop^ier cathodes susj>ended alter- 
nately, side by side, about 1 in. apart in the electro- 
lyte. All the anodes are connected to the positive, 
and all the cathodes to the negative hiain, and when 
the eurrtmt flows the eop[ier from the crude anode 
is dissolved, and deposited on to the cathode, which 
process is continued until the anode becomes thin 
and weak and the cathode thick and strong ; this 
may require several days or even weeks to accom- 
plish. The gold and ailver and other impurities^ 


instead of dissolving with the copper at the anode^ 
form into a imul or deposit, and fall to the bottom 

m of the mt. This mud is collected 
and smelted down for its gold and 






2 . COI’FEB-BEFINING VAT 


silver, while the copper, which passes over to the 
<!athode, is pure and free from all the impurities 
originally present in the crude metal. 

Figure 2 shows a diagram of an electrolytic co])per- 
refining tank. A ~ the tank; BB - crude copper 
anodes, which have been previously cast in the 
anode mould 0 ; DT) are the thin pure copper 
cathodes ; EE — the negative leads connected 
to the 8usix?ndcd (cathodes ; FF — the positive 
leads on which the anodes rest ; G is a tray for 
c*atching the anode mud which falls from the sur- 
faces of the anodes ; H is the electrolyte, consisting 
of a solution of copper sulphate and Hulj)huric acid 
in water, the circulation of which is maintained by 
the inlet and outlet tubes, I and J. 

Commercial Aspect of Copper Re- 
fining. In actual practice the refining of copper 
is carried out on an exceedingly large scale. The 
Anaconda Oip})er Company’s works, using the 
'riiofehrn system, is one of the largest in tlie world, 
and is capable of refining 150 tons of co})|)er ijer 
day. ’J’he electric current is produced by four 
large dynamos driven by engines of 900-horse 
power each, and another driven by a 400-hor8e power 
engine, which can be switched on to any part of the 
refinery in case of breakdown in one of the lar^r 
engines. In addition to this, fiO-horse power is used to 
light the works by electricity, and 30-horse power 
is needed to pump the ele<;trolyte from tank to tank 
in order to inainfain efficient circulation. 

The tanks are arranged in rows in two large 
buildings, each having a floor space of 0,500 sq. yd., 
and containing 000 electrolytic tanks, eac^h tank 
l)eing 8 ft. 3 in. long by 4 ft. 7 in. wide by 3 ft. 3 in. 
deep. They arc made of wood and lined with lead ; 
10 copper cathode rods and 15 anode rods run the 
length of the tanks, connected to the positive electric 
main and the negative main ros|>ec lively, and on 
these hang the copi)er anodes and cathodes them- 
selves. 

Each vat r(‘<iuires an electric pressure of about 
J volt, and as 200 vats are connected in serie^^he 
total electric pressure required would be 100 wits. 
The vats arc arranged on an incline, and the 
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electrolyte flows from one to the other, being finally 
pumped back again ; this ensures a good circula- 
tion. In practice oop|)er (“blister”) containing 
about 110 oz. of silver and ^ oz. of gold per ton, 
and some arsenic, iron, lead, and other impurities, 
is refined. The current used is about 15 amperes to 
each square foot of cathode plate surface, as this 
enables a clean, thick, smooth deposit of copper 
to be obtained. 'J'he total cost of the process is said 
to lx.* about £3 per ton of copper refined. 

The same principle as this is also largely used to 
electroplate cycle frames, tea})ots, etc., with copp<^r 
bt^fore the nickel or silver is added. It has also been 
applied, but only with indifferent success, to the 
extraction of copper direct from its ores. 

Wo may here, too, mention the electrolytic 
skinning of tinned iron scrap, which is largely done 
in Germany. The tin scrap is made the anode in a 
hot solution of caustic soda in which the tin becomes 
dissolved and re-deposited on to a cathode, while 
the iron itself, remaining insoluble, is taken out, 
Avashod, and beaten into coherent masses under 
the hammer. 

Lead. Tlie ordinary method of extracting this 
metal from its mineral galena is fairly simple, and 
consists of two ojierations conducted in a furnace 
in which c^oke is used to supply the heat. Impure 
lead is thus reduced from the ore containing many 
of the impurities, like antimony, eopper, iron, etc,, 
which render it too hard for working, and also all 
the silver and perhaps gold present in the original 
mineral. It is then refined by melting, and air is 
allowed to i)lay upon its molten surface, which 
turns the impurities into a dross so that they may 
Ih 5 removed. The silver and gold are then taken 
out by a laborious and expensive method, by which 
they are recovered and the lead refined. 

An electro-chemical process to com})ete with this 
has to produce ]»ure lead and silver in a more 
direct way, and at less expense. 

Knowing the force with which the lead and sulphur 
arc* combined in the mineral galena, it is possible 
to calculate the amount of energy that would be 
needed to separate, say, one ton of lead, and if this 
calculation is made it sliows that in theory an c^lec- 
frical method of extraction would be much cheayMJr 
than the ordinary one at present used. But the 
practical difficulties are enormous, and up to the 
present time no electrical process has been devoloiied 
which can comiiete successfully with the old 
methods, althougn much promise is shown for the 
future. Broadly speaking, it has been attempted in 
two ways. The first method is to convert the galena 
into some form of load salt that will dissolve in 
water and then electrulyae the solution so that the 
lead is deposited upon the cathode. A process of 
this kind was once tried by Keith in America. 
The galena was meltcxl and cast into anodes (galena 
is one of the few minerals that will conduct elec- 
tricity freely). Then thin pure sheet-lead cathodes 
were mode, and the electrolysis was performed in 
an electrolyte consisting of a solution of acetate of 
lead. The action was like copixjr refining. The 
impurities were thrown down as a mud and con- 
tained the precious metals. The pure lead was 
deposited as a spongy ma-js on the cathode, which 
was afterwards melted down. This represents only 
one of the many attempts in this direction, but 
it has also been tried by a “ fused electrolysis ” 
method, described later. 

Zinc. Zinc is a somewhat more common metal 
than lead in nature. It is foimd as a brown, shiny 
mineral calk'd blende, which consists of zinc and 
sulphur, and also us an oxide and carbonate, both of 




which are white. Silver is seldom found with it, 
but the impurities, iron and arsenic, are almost 
invariably present. The extraction of this metal 
from its ores is simple, but exceedingly expensive 
and wasteful. It is put into retorts with coke and 
distilled by the heat of enormous external furnaces, 
llie coal and coke bill is excessive, and the c^onstant 
wear of the retorts terrific. Thwretically the cost of 
extraction is overwhelmingly in favour of ele<;trioal 
methods, but the practical difiiculties, as in the case 
of lead, are very great; so much so, that so far no 
cloc-tro-chemioal process has been able to take the 
place of the ordinary distillation method of cx> 
traction, althou^ a process invented by Hoepfner, 
and worked by Jininner. Mond ft; Go. in England, 
is in operation for the refining of crude zinc and the 
])roduction of a specially pure kind. 

But in spite of the great diflicmlties whi(;h beset 
the electro-chemist when ex|)eriinenting with j)ro- 
(!(*ssc8 for the reduction of zinc there is v<Ty 
great promise of its ultimate suceess, so that along 
with lead it may lay claim to a ]»lace of imfM>rtanee 
in the not far distant future. Both the wet and the 
dry methods, described in the early part of this course, 
have been applied with some tionsiderable degree of 
success to zinci extraction. All sorts of acids have 
been used to dissolve the zinc ore so as to obtain 
its solution in water, but the most gimeral way 
of attaining this end is to heal the blende in a furnace 
through which is allowed to How a current of hot 
air, so that the zinc^ blende is burned or “roasted” 
into n form in whicli it will dissolve in wat<*r. 
Having thus obt-ained it as a solution in water, it is 
])laccd into an eletdrolytic tank and clec'trolysed 
with a cathode of pure zinc on to which the zinc 
d(‘]x>sits, and an anode of carbon or lead, wdiich. 
not being acted ut>on by the solution, simply allows 
btibbles of oxygen to esca])c from its surface. 

If a ziiKt ore be dissolved in hydrwliloric acid, 
a salt of the metal, consistuig of zinc and chlorine 
(chloride of zinc), is formed, which may be 
melted in the maimer described in a previous para- 
graph and electrolysed in a fused or melted condi- 
tion with a zinc cathode and a carbon anode. Zinc 
is dcpositcul at the cathode and the gas chlorine 
in a heated condition escapes at the surface of th<* 
carbon anode. 

Lead and Zinc Sulphide Ores. Lead 
sulphide (galena) and zinc suliihide (blende), 
as we have seen, can Ix^ treated individually by 
ordinary eliomicjal })rocesHe8 so that their respex’tive 
iiu'tals are extracted in a more or less jiure condition, 
but it may here be })ointcd out that if tliese tw«j 
minerals are mixed together they would so far 
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interfere with one another as to make it jiractM^ally 
impossible to treat them at all. As a matter of fact, 
the bulk of the load and zinc and a lari^ proportion 
of|the silver existing in Na ture occur in this amazingly 
mixed up way, and have managed so far almost to 
baffle the chemist completely, so that he cannot find 
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any way in which to treat the mixture in older to 
get out of it the lead, the zint', and the silver. In 
theory, however — that is, calculating from the known 
amount of energy which would lx? n'qnired to separate 
the metals — an ele<;trical process has an enormous 
margin of profit, so that much attention has bt5en 
paid to this subject. Many wet processes have from 
time to time been introduced, but nearly all have 
been abandoned. 

In 8 is shown in diagrammatic form the “ Phoenix ” 
process invented by James Swinburne. The ore, 
whiish is first crushed to a fine powder, is placed in a 
refractory rcwptaclc, called a comber ler. Into this is 
forced red-hot chlorine gas obtained from a subse- 
quemt o(>eration. This converts the sulphides into 
chlorides, and frees the sulphur. The “ pudge ” 
thus obtained is dissolved in water, and filter- 
pressed, separating the ganguo (or sand) and lead 
and silver chlorides. A mechanical separator 
then takes out tlu* gangiic, and the chlorides of 
Ic'ad and silver an- dried and melted with lead to 
take out the silver. The lead chloride left is then 
treated with zinc to reduce the lead. The solution 
from the first filter-press (mainly zinc chloride) 
is run through iron turnings to precipitate any 
lead and silver from solution by the substitution 
method already described ; it is then treated 
with cold 1 ‘hlorine in j)rcsence of calamine (zinc 
carbonate ore) which precipitates manganese and 
iron as oxides. These are filter-])rc8sed out, and the 
pure zinc chloride solution is evaporated and 
electrolysed in a melted condition, using anotles.of 
carbon and a cathode of melted zine. Thus all the 
lead, zinc, silver, sulphur, sand, and impurities are 
recovered sc'parately from tlie original complex oie. 

Gold. The winning and extraction of gold from 
its ores is essentially a different problem from the 
winning of any othfT metal. We have seen that 
lead- bearing and coptx^-bc'aring minerals almost 
always contain gold in more or less quantity, and 
that this gold is reduced or smelted along with the 
metal, and has to Ix) extracted by some means 
from the metal itelf in the subsequent course of 
refining. But the bulk of the gold of which the world 
has become po8ses.sed has been extracted, not from 
the ores of other metals, but from clean rocks or 
river IhxIh, in which it is contained in small quantities, 
mixed in with the rock or gravel, tn the JHetallic 
atate, and not combined to form a mineral. It is not 
a ease of reduction, but it in a ease of winning it, or 
sean’hing for the tiny particles, like needles in a 
haystack. The latter illustration is, moreover, 
suggestive ; for if we wore given a haystack con- 
taining, say, iron filings, and asked to extract them, 
we should all probably suggest that the stack be 
first ground to chaff, and that the chaff be blown 
past a magnetic pole, when the iron filings would 
stick to the magnet and the chaff be blown away. 
And so, if we are given a rock containing gold dust, 
we should grind it to powder and blow it over some- 
thing corresponding to a magnet. But gold is not 
attracted to a mvHgnet, so another device is used. 
Plates of copper amalgamaied or coated with 
mercury are substituted; and to these the small 
gold particles adlierc, and lieeome dissolved. 
The powdered ore is passed over these amalgamated 
plates with water and the useless “ tailings ” are 
carried away. To win gold ixirticles from the gravel 
beds of rivers a more simple process is used. The 
gravel is simply taken and placed in a “ batea,” 
or “ Chinaman’s hat,” and swilled round with 
wattT. Tlie gold, being heavier than the gravel, 
collects in the bottom of the batea, and is saved. 
But neither of these processes can be satisfactorily 
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iip))licd to gold rock ores containing vtry small quan- 
iities of einbtKlded gold. A more delicate and 
efficient mode, known as cyanide proceAS^ is used, 
whi(!h consists of leaching, or soaking, the pulverised 
ore in a weak solution of cyanide of potassium. 
In this solution the gold dissolves, the liquid is then 
drawn off, and the gold is extracted from the 
cyanide solution by contact with zinc shavings, 
which reduce it to metallic gold. 

Electricity in Gold Extraction. 
Electricity has not by any means revolutionised the 
gold winning industry, but it has gradually stepped 
into a position of great utility, from which it is not 
likely to be removed. Electricity has taken no 
|)art in washing, but it has found a use in amalga- 
mation in the Molloy process. As already explained, 
copt)er plates are amalgamated, or coated with mer- 
cury. Over these the ore and water flow, and the 
gold particles are caught up by the mercury and 
reUiined. In practice, however, the surface of the 
mercury soon becomes “ sick ” or dull, and loses 
its power of catching the gold. Originally a little 
‘metallic sodium was added to the mercury, and the 
action of f his metal kept the surface of the mercury 
bright and clean. Molloy discovered that if a little 
sulphatci of sodium (Glauber's salt) be added to the 
water which carries the gold or<^ in 8us})pnsion, and a 
current of electricity be jjassed through so as to 
make the mercury surface itself the cathode^ a small 
amount of .sodium is deposited into the mercury 
and, a.s already explaineci, keeps the mercury from 
“ sickening.'’ But electricity has taken a more 
important place in the cyanide extraction proce.ss. 
A very weak solution of cyanide of potassium is, 
theoretically, needed to <lisHolve the gold from an 
average ore, say one part in 20,000 ; but in practice 
it is found necessary to use about one part in 2,000. 
Having dissolved the gold, the next step is to treat 
the solution with zinc shavings to re-precipitate 
and recover it again, and in order that the zinc 
may do this efti(ucntly, it is necessary to use cyanide 
of a strength of about one part in 200 ; this is actually 
used on the Rand in South Africa, but as cyanide 
is exjKJiisivc, and a large proportion of the solution 
is lost, this is a disadvantage. If, however, the gold 
be dissolved in one ])art cyanide in 2,000 it may 
be efficiently deposited by electricity, and on account 
of the weaker solution which it is thus necessary 
to use, much less cyanide is lost. The Siemeiis- 
Hnlske, and other processes based on this principle, 
are gaining headway in South Africa and New 
Z<*aland. The solution of gold in cyanide is user! 
as electrolyte, and is made to pass slowly between 
iron anodes and lead cathodes, the gold being 
])lated on to the cathode in the usual w'ay. This 
cathode, when sufficiently plated with gold, is 
melted down and the gold recovered by the usual 
process of “ cupellation.” 

The electro-metallurgy of silver has been suffi- 
ciently dealt with when discussing the refining 
of copper, lead, and other metals with which it is 
generally associated in nature. 

Aluminium. These metals are reduced from 
their ores exclusively by methods involving the 
electrolysis of a molten electrolyte in a crucible. 
They both occur universally, in almost every rock 
and soil, but the only minerals directly available 
for their reduction arc cryolite from Greenland, a 
compound of aluminium and fluorine, bauxite, a 
compound of aluminium and oxygen, and carnaUite, 
a compound of magnesium and chlorine. 
these metals have a very great affinity for tW** 
elements with which they are combined, and great 
energy is rc^piircd to separate them. 
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Aluminium is extracted largely in Scotland by 
the British Aluminium (k)mpany at the Falls of 
Foyers, in America, and in Switzerland, at the 
Falls of the Rhine. The first part of the process 
is purely chemical and consist^ in purifying the 
(Tyolitc and bauxite and freeing them from iron 
iind other impurities, so as to obtain the pure fluoride 
and oxide of aluminium. The two representative 
firocesses are those of H6roult and Hall. In the 
former the aluminium oxide is melted in a crucible, 
which requires a great heat ; the heating is done, not 
by a fire, but by the electric current itself, which, in 
its passage through the alumina (aluminium oxide) 
raises it to sufficient temperature. Molten alu- 
minium metal lying in the bottom of the crucible 
is connected to the negative pole of the electric 
generator, and forms the cathode on to which the 
reduced aluminium from the alumina deposits, and 
the anode consists of a rod or rods of graphite 
or carbon, which is consumed by the oxygen 
liberated from the aluminium oxide. This oxygen, 
however, instead of eaca}>ing as such, imites with the 
carbon anode to form carbonic acid. The Hall 
process is similar, but instead of molten alumina 
the electrolyte consists of molten cryolite, in which 
is dissolved some alumina. The cryolite itself is 
not decomposed or used up, but only the alumina, 
and in this respect the process is comparable to that 
of Hcroult. As the aluminium is formed it is 
tap]ied from the bottom and oast into ingots and 
fresh alumina is added to the top of the crucible. 
About 8 to 10 horse-power hours are required to 
deposit I lb. of aluminium and to maintain the 
temperature at about 950" C. 

Magnesium. Magnesium is extracted in a 
very similar manner, l^uriflcd carnalUte is fused in 
a crucible by means of a gas furnace and is electro- 
lysed, u.sing a carbon 
anode, and a carbon 
or metal cathode. 

Chlorine is evolved 
at the anotle, and 
melted magnesium 
lilnu’ated a 
the cathode 
which, 
lighter 

the fused elec 
trolyte, 
to its surfac'c 


on a 

scale in Ger- 
many !>y the 
Magnesium 
and Aluminium Fabrik. Neither aluminium nor 
magne^sium can l)e deposited from solution in the 
ordinary way, but only from fused electrolytes. 

The aluminium extraction apparatus as originally 
ustnl at the Falls of the Rhine is shown in 4 . A is 
an iron crmnble lined with (diarcoal B, resting on an 
insulating stand C. A metallic conductor, D, passes 
through the bottom, causing the molten aluminium, 
K, to formthe cathode. The electrolyte, F, is a 
molten solution of alumina in cryolite. G is the 
carbon anode from which oxygen and carbonic acid 
arc evolved. H is the tap hole for the aluminium ; 
I the gear for adjusting the height of the anode ; 
J the positive and K the negative electric cables. 
The necessary temperature is maintained by the high 
current-density of the electric current. 

Sodium and Potassium. To those who 
are not familiar with these metals a word or two 


t 
» 

than 
floats 
IS 

manufactured / J 
large 
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describing them may not bo out of place. They 
are very similar in general proper! iea, of the hara« 
nesH of a stiff wax, lieing easily cut with a |)en. 
knife, of a yellowish colour, and “ highly elcctro- 
]>o«itiye ” — that is, they have an exceptionally great 
affinity for non-metals like chlorine, oxygen, etc. 
So great is this affinity that they will replace all 
the more ordinary metals when brought into 
contact with their salts. Thus, when sodium is 
brought into contact with water it violently 
noplaces and liberates the hydrogen (which often 
catches fire through the violence of the reaction), 
forming with the oxygen of the water the com- 
pound known as aodfi^ or hydrated sodium 

oxide. Potassium is even more powerful than 
sodium, but, in general, brings alwut the same 
changes, forming with water muatic potaah. Sodium 
and [>otaKsiuin, iis well as a similar metal called 
cukiuni (the base of lime, chalk, etc.) arc so common 
as to form a large [jroportiori of the earth’s crust, 
but the purest and most promising source of the 
former metal is ai}dium chloride^ or common salt. 

Practical Difficulties. Nall, if melted in a 
fireclay crucible, may be electrolysed at a red heat, 
using a carlmn anode and copfK^r or iron catluxle. Mot 
chlorine gas is evolved at the anode and esciapes: at 
the <*athodc melted sodium forms, and being lighter 
than the molted salt it floats to the surface. In prin- 
cijile this is simplicity itself, but in practice it has 
baffIcHl elect ro-ehemists completely. The practical 
difficulties in the way are so enormous that although 
much attention has been given for many years to 
this branch of chemistry, no successful method has 
ever been invented for the elecdrolysis of melted salt 
direct for the manufacture of sodium metal. The 
chief difliculty is that the sodium when on<‘e formed 
re-dissolves before it (‘an be collected. I’o over- 
come this Ashcroft has patented a jirocess in 
whi(di melUal load is ukcmI as cathode ,• into lliis 
the de]X)siled sodium travels, and bec omes diss(»lved 
or alloyed, and a constant circulation of the melted 
lead is maintainc’d by means of u rotating ele(“tro- 
inagnct placed below the erucible. After the lead 
has luHJome (diarged with sodium it is placed in 
another crucible containing fused caustic soda. 

In this the lead is mad(^ the anode and there 
is a cathode of iron. When tlu* current pa8.Hes 
the lead gives up its sodiuiii, but does not itself 
dissolve, and this sodium passes through the fused 
eaustio soda, and is de\)OsitiHl cm to the iron cathode, 
where it may be col- 
lected without danger 
(»f being rc-dissolvinl. 

In this process (chlor- 
ine and sodium are 
produced and the salt, 
which is very cheap, 
is the only sub8tan(^e 
used up. At |)resent, 
sodium is exclusively 
made by the Castner 
process from caustic 
soda, which is more 
ex|)eu8ive than salt. 

The caustic is melted 5 (iastner's SODHTM EX- 
in an iron crucible b>' traction apparatus 
a gas name. The ae- 

tion is rather complicated, but the result is simple : 
iron electrodes are used, and at the anode oxygtm 
gas is liberated, while at the cathode, hydrogen gas 
and metaUic sodium are liberated, and the latter 
is ladled out and saved. Potassium, for which 
there is only a very limited demand, is also made in 
a similar way. from rauHtic jxdash. 



CJastner’s ap[iaratus for the electrolytic separation 
of sodium from melted caustic soda is shown in 5. 
A is an iron melting-pot kept hot by a ring gas 
burner I). H is the cathode entering from the bot- 
tom and insulated from the pot by solidified caustic 
at E. CC is a rinmlar iron anode. M is an iron hood 
(with lid) Hiipfiorting a wire gauze curtain (shown 
by dotted line), and G and H are the leads con ne<‘ted 
to the anode and cathode respectively. .1,1 is a 
masonry siijiport for the whole apparatus and 
.scrve.M as a furnace with flue, K. The whole ap- 
paratus is full of molten caustic soda, LL, and when 
the electric current flows oxygen is evolved at the 
anode, and escaiies through an outlet or through 
the loosely fitting to}). At the cathode, B, hydro- 
gen (which bubbles up, and esca]>es through the 
loosely fitting lid, F) and metallic sodium arc 
formed. The sodium floats up into the hood, M, 
as shown at P, and is withdrawn by a ladle. Tin* 
various parts of the apparatus (as at H) are ke[»t 
insula ted by asbestos card (not shown). 

Iron and Steel. Iron is found in Nature, 
most eoinnionly combined with oxygen and snl])lnir. 
With oxygen, which form is familiar as “ rust,*’ 
it occurs as thfuputic iron ori\ hcematitr^ and spcrular 
orr, and with siiljihur as iron pyriti^^. Tin* oxide.s 
sc*rve as the soun e from which our iron and steel are 
reduced, and the pr(K*esses by which th(‘y are in aim - 
fuctiircd, although cxctsMlingly coin|)lex in detail, 
ar(‘ nevertheless eominonly understood in principle. 
All that is nevessary to extract iron is to heat the 
ores to a white heat in a blast funiaee with charcoal 
or (Hike. M'htm tin* earbonu; oxide productKl by the 
)»artial burning of ))art of the coke eombines with 
the oxygen of the ore to form carbonic acid, which 
esca|)es up the chimney of the furnace, while th<^ 
iron runs in a molten condition to the bottom of the 
furnace. But however pure the ore may be it 
always <;on tains a large pro|>ortion of infusible earthy, 
matter, and in order to render this fluid in this 
furnace fluxes have to be added, usually in the form 
of carbonate of iron (“ sjMtthic iron ore "') which 
forms a suboxide of iron in the funiaee ca liable 
of combining with the earthy matter to form a 
liquid “ slag.” ISteel is only iron in which is dissolved 
a small ]>ro])(>rtion of carbon from the coke, and is 
pro<luce(l by varying the conditions in the smelting 
ojK^ration, or by sub^quent treatment of tin* iron. 

Thi‘ main object of introducing electricity into 
the smelting of iron is simply this : in an ordinary 
blast furnace charge, liesides the coke necessary for 
the ehemieal reduction of the iron, there has to be 
added suflieient excess to burn and supply the heat 
of the blast furnace itself. Now, it is obvious that 
in some loealities, where fuel is very expensive, and 
where electricity is very t^heap, as, for instance, in 
the neighbourhootl of a large waterfall, it might bo 
advantageous to supply this extra heat by electrical 
energy, and, moreover, as the whole operation 
would lie much more under control, and the losses 
of heat from radiation, flue gases, etc., redutnitl, 
it would stand a fair chance of economical com- 
iietilion. Upon the stn'ugtii of arguments of this 
kind many metallurgists have devoted a consider- 
able amount of energy to the problem, and several 
iircKH*sHes and tyjies of furnace have been developed. 
Iron and steel are often alloyed with other metals, 
wioh as tungsten, elmomiuni, etc., and the electric 
furnace method has given greater facilities for this 
during the oiieration of reduction. Dr. H^roult has 
paid sp©f)iai attention to the refining of crude iron 
and Tiroduction of steel in the electric furnace [ 7 ], 
which has been previously reduced in the ordinary 
blast furniu'c, in an electric furnace, or in a 
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combination of the two. There is some promise 
of this method taking an important ]>laee in tlie 
future of the metallurgy of iron. 

Figiire 6shows a diagrammatic sectiqn of Heroult's 
crude iron refining furnace. Crude iron, A, and slag, B, 
are run in from an ordintiry blast furnace while 
still in a molten state. CC are carbon electrodes, 
which dip only into the slag, but the path of the 
current tnreugh the metal (as shown !)v the dotted 
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lines) keeps the whole mass hot. Electric energy 
thus supplies the requisite heat while the refining 
and steel production are regulated by the addition 
of the reagents used in the ordinary methods of 
crucible and other steel. 

Carbides, “ Carborundum/’ The enor- 
mously high U‘m]»erature which it is possible to 
obtain in the elootric furnace (.3,500° C., as against 
only 1 ,800"' C. in the hottest coke furnace) has 
enabled many new chemical substances to be pro- 
<luced winch it has been impossible to obtain even 
ill an oxyhydrogen furnace. We have already seen 
that if iron oxide be heated with coke or carbon in 
the eleetric furnace iron is reduced to the metallic 
st/ate. If, however, a large excess of carbon be 
used in the charge, and the furnace? lie raised to a 
very bright blue heat, the metallic iron at first 
reduced recombines with the excess of carbon to 
form a body called a carbide. But iron is by no 
means the only metal which liehaves in the same 
manner. If we take the oxides of any of the follow- 
ing metals — aluminium, barium, cffisium, calcium, 
ccTium, chromium, lanthanum, magnesium, man- 
ganese, molybdenum, })ota8siuni, sodium, strontium, 
iborium, tiUinium, tungsten, uranium, or zirconium ; 
or the non-metals boron, selenium or silicon — and 
heat them with a large excess of carbon in an electric 
furnace, carbides, varying greatlv in their general 
l>roperties and the proportions of carbon contained 
in them, are produced. Space does not ]>ermit of 
detailing the many interesting properties of these 
carbides, but a few of their most important 
characteristics may be mentioned. Silicon carbide 
which is now more generally known under the name 
mrborundum, is a black crystalline substance, 
extremely hard ; in fact, in this respect, it approaches 
very nearly to diamond, and on account of this 
fact it is largely used as an abrasive for polishing 
and grinding. It is an inert body, and water has no 
action upon it whatever, and it is difficult to dissolve 
in any acid. Carborundum is manufactured on 
a largo scale in America from a mixture of pure 
sand (silicon oxide, or “silica”) and coke. Boron 
earhide is a very similar body, and is even harder 
than carborundum, but as silicon is a much more 
common, and consequently a less valuable, gill- 
stance than boron, the former is able to compete 
in commercial use. 
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For the production of these carbides, and for all 
electric furnace reactions, an alternating current 
may be used ; unlike true electrolytic reactions, 
they do not require a direct current. 

tNgure 7 is a diagram of a simple form of electric 
furnace. The current, which may be alternating or 
direct, and conducted in either direction, is conveyed 
by the loads, A A, to the carbon “ electrodes,” BB. 
CX5 is the firebrick body of the furnace, with a 
magnesia or other refractory lining, DD. E is the 
furnace cover, with hopper, F, for the introduction 
of the charge, and outlet, G, for the escape of the 
carbonic oxide or other gaseous product evolved in 
the operation. When beginning, the electrodes are 
pushed together in contact, and are gradually drawn 
apart, when an electric arc is formed and the centre 
of the charge begins to become white hot, as 
shown at H. This process may be continued until 
the whole charge is melted and the tem])craturc is 
extremely high. 

Calcium Carbide. Many of the carbides 
are cmergctically acted upon when brought into 
contact with water, when they decom|> 08 e the water, 
the metal combining with its oxygon and the carbon 
with its hydrogen, evolving the latter in the form 
of a combustible gas. Aluminium carbide evolves 
methane; manganese, cerium, thorium, and uranium 
carbides evolve mixtures of methane, acetylene, and 
hydrogen ; while barium, lanthanum, strontium, 
and calcium carbides evolve acetylene in a nearly 
pure state. As far back ns 1830 the great chemist 
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Davy found that the residue obtained in the extrac- 
tion of potassium, which was really a carbide, evolved 
an evil-smelling combustible gas when brought into 
contact with water; and later, in 1862, the chemist 
Wohler actually produced calcium carbide, and, 
from it, acetylene. It was not, however, until a 
few years ago that the commercial value of calcium 
carbide was discovered, and it was made possible 
1o manufacture it on a large scale in the electric 
furnace. The property of calcium carbide to de- 
compose water and to evolve a nearly pure form 
of acetylene is now known to everybody, as is also 
the extreme ])owor which this gas has of emitting 
light when burned in air. 

Calcium carbide is manufactured on a large scale 
by mixing tegether well-burnt lime, which is calcium 
oxide, and a pure form of coke or powdered carbon. 
The charge is then introduced into the electric 
furnace and heated un to a very high temperature. 
The carbon electrodes of the furnace may he 
arranged in several ways. One method is to bring 
’them together over the top of the charge, then 
sefiarate them so as to form an arc, which radiates 
its heat on to the charge and thus melts it. Another 
method is to fill in a line between the separated 
electrodes with coarsely broken carbon, which, u]K)n 
the first passage of the current, becomes hot and 
melts the charge. A third plan of starting is to 
]>u8h the electrodes do^^m into the charge until their 
ends meet., and then, as soon as the electric current 
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begins, gradually to 8<j|>Hrate them so that the 
arc formed fuses the part of the charge between 
their ends. When the electrodcis become fully 
separated the whole charge is melted. The furnaces 
are generally construe* te^d of firebrick, and lined 
with a refractory material. A charge of about a 
ton of lime and three-quarters of a ton of powdered 
carbon is introduced, which produces about one ton 
()f (^ah'ium carbide. The amount of electrical energy 
required varies, but is approximately 3()0 to 500 ele<^- 
trioal horse power for 12 hours. Ihc manufacture of 
calcium carbide is carried on chiefly in the States. 

Secondary Reactions. When describing 
“ electrolytic reactions ” in the early part of this 
course it was pointed out tliat, although the metallic 
atoms travelled with the current, and the non- 
inctallic atoms travelled in the reverse direction to 
tlu* (current until they reached the surfac'cs of the 
cathode and anode resj)rctivelv, they arc not always 
de])osiUul there in a coherent form. In the case (»f 
the metal hydrogen it is evolved us a gas and 
cHca|)es into the air, and in the case of the non- 
metals chlorine and oxygen, the 3 ^ are evolved 
as gases and escape. These rcaidions Jire termed 
primttry, bcaus(} the prinuiry or original atom f)r 
atoms which are carried to the electrodes are there 
se]>aratcd. It is very frequent, however, that the 
primary atoms, or mw.v, are not actually separated, 
l)ut that they leeomhinc at the very moment of 
liberation with the elcctjolyte. Such reactions are 
termed mcondary, and are somewhat more diftieult 
t(» understand fully. A good example of this kind 
of reaction is given hy the electrolysis of common 
salt, w’hic*h consists of an impure form of sodium 
jililoride. If it he melted and electroly.sed in a 
criicihle at a red heat, sodium and chlorine are 
(‘volved and separated : but if it is dissolved in 
wahM*, and the solutiem is ek*ctroly.sed, the a<?tion 
is con\plotcly <lifTerent. The sodium travels to the 
cathode, but at the mojiumt of its libi^ration it is 
snatehc'd up hy the water of the electrolyte, and, 
(a>inbining with it, forms caustic soda. A< the anode 
tlie action varies according to circumstances ; 
chlorine travels there, and at the beginning it 
is evolved and eseajies. But if the electr<»lyte is 
allowed to circulate freely, ho as to bring some of 
the euiistic soda formed at the euthode into the 
immediate neighbourhood of the anode, the chlorine, 
instead of escaping, will combiner with the caustic 
soda to form hy]>oc}hlorite and (’-hlorite of stKlium. 

Under theH<^ (jircuinstancjcs, secondary reactions 
are taking place at both electrodes. It is obvious 
from what has laH*ri said that if it is desired to 
manuhveture chlorine gas and caustic soda the 
circulation of the elec^trolyte between the anode and 
(aithode sides must he prevented ; while, if it is 
desired to manufacture liypochlorites and chlorite 
of sodium, the e.austic soda li(|Uor foriiu^d at the 
(‘athode should be allowed to flow gently towards 
the anodt? side. These results are obtained by the 
use of what is railed a porom partitiem, or diaphragm, 
made of some such material as asbestos fibre or a 
porous [K>rcelam or baked clay. A slab of this is 
inserted between the anode and cathode, thus 
ilividing the vat into anode and cathode oompa’ t- 
ments, Tlirough this the liquids peniieatt*, but do 
not freely mingle or circulate, itnd through the elec - 
trolyte imbedded in its imres the electric cnirreiit 
can fi*eely travel. The use of this arrangement- w ill 
hec*ome clearer presently. 

Qaustic Sodft. * The raw material is common 
salt, or sodium chloride, and the problem is to 
ele(^trolyse this so as to obtain caustic soda and 
chlorine gas. The salt is dissolved in w'ater, and is 


electrolysed with carbon anodes and iron cathodes. 
Chlorine is evolved at the anode, and is led away 
over damp slaked lime, where it forms bleaching 
])owder, and at the cathode caustic soda is produced. 

The chlorine thus produced frequently contains 
some carbonic acid gas, formed by the oxydation 
of the carbon anodes. This may be eliminated by 
passing the chlorine over a preliminary batch of 
lime or bleach, which becomes gradually converted 
into carbonate. In this way the carbonic a(dd is 
kept from the bulk of the bleaching pow'der, which 
it would dilute if allowed access. The solution of 
c*au8tic, which always contains a certain amount of 
salt, is led away, evaporated, and finally nioltt^d 
down, when the salt floats as a scum to the surface 
and is removed : the caustic is then cast into sticks, 
and along with the bleaching powder is sold. 

A process originally worked on this simple ]jlan 
was developed by Holland and Richardson, and 
wnrked by the Electro-Chcmicjal Company in 
l^incashire. The cathodes were of wire gauze, and 
the anodes of carbon from the gas retort. Another, 
kiiowTi as the Hargreaves- Bird pro<;ess, and worked 

by the Elec- 
trolytic Alkali 
C/ompany in 
England, was 
somewhat simi- 
lar, but the 
gauze, which 
was placed out- 
^ side a porous 
partition, and 
on to w'hicb 
steam and car- 
8 . CASTNKR-KELLXEK CAUSTIC bonie acid were 
SODA APPARATUS blown, formed 

the cathode. 

By this method chlorine and sodium carbonate 
(w'ashing soda) W’ere manufactured. 

The Castner-Kellner Process. In 8 is 
shown a diagram of the principle of the Castner- 
Kellner process for the production of (‘austic soda 
from oommoii salt in solution, which is run at 
Runcorn, in (lieshire, on a large scale ; this process 
makes use of an “ iiitcrnu^diate eleetrocle " of 
nierc'ury, and its action will be readily under- 
stood by reference to the diagram. A is the 
vat with cover B and c’arbon anodes (^C. D is 
an iron grid cathode. The tank is divided by the 
two partitions H and I into tliree compartments 
E, F, (x. E and U contain a solution of common 
salt in water, and F contains (n|K>n starting) 
ordinary water. The bottom of the t^k is covered 
with a layer of mercury, S, and the partitions H and I 
do not extend tx) the bottom of the tank, but down 
only to just below' the surface of the mercury. I’he 
licpiids are thus separated, but the meremry is 
continuous. The electric current enters the salt 
solution in R and (Jl, and evolves chlorine, wdiich 
escapes through the outlets N, M. It then enters 
the surface of the mercury, depositing metallic 
sodium into it. The tank is pivoted at O, and 
rocked by the eccentric P, thus circulating the 
mercury into the compartment F, where the 
current loaves the mercury and enters the water, 
leaving by tlie cathode D. (faseous hydrogen is 
evolved at the cathode, and escapes by the outlet R. 
The sodium in the mercury, and not the mercury 
itself, thus dissolves in tlie water and forms a pure 
solution of caustic soda. The electric^ pressure 
required is from 2 ’5 to 3 *5 volts. Sod ium hypoohlorih* 
is a body consisting of sodium, chlorine, and oxygen, 
and is largely usc'd in the blcax'hing industries, and in 
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diKinfecting, for the reason that it readily gives ii|) 
liypochlorous acid, a very powerful oxydisiiig or 
bleaching agent. Potassium chlorate is a substiince 
t'omposed ox the same elements but more stable. It 
('onsists of potassium, chlorine, and oxygen, and is 
largely used in the manufacture of explosives, fire- 
works, and matc^hes, on account of its power of 
rapidly giving up its oxgyon to other bodies with 
which it is mixed. 

Hypochlorites and Chlorates. Theprin- 
eiple upon which the manufacture of these is based 
has already been hinted at. In the case of sodium 
hypochlorite a solution of common salt is electrolysed 
with a metallic platinum anode and an iron or 
copper cathode, between these electrodes is inserted 
a |)orou8 diaphragm, usually made of asbestos fibre 
stretched on a wooden frame. At the cathode 
(*au8tic soda forms, and as the level on this side of 
the diaphragm is higher than on the anode side, 
the caustic soda gradually circulates by gravity 
towards the anode compartment. As it porcolates 
through the diaphragm its place is taken by fresh 
salt solution gradually added from above. This 
caustic then finds its way to the anode, where it 
meets with the chlorine, and, as already explained, 
is converted into sodium hypochlorite, and is drawn 
off for bleaching purposes. The manu{a<*.ture of 
j>otassium cihlorate is almost exactly siinilar, but 
there is this essential difference. If chlorine gas is 
allowed to act on caustic soda in the cxdd sodium 
hypochlorite is formed ; hut if the temiwature of 
the solution be raised }>eyond about 50° C., instead 
of hypochlorite, chlorate of sodium is formed. This 
fact is taken advantage of in the ]iarallel case of 
potash chlorate making. 1'he raw material is 
{>ota.ssium chloride, and at the cathode caustic 
})OtaHh is formed, while, as this ]>crcolates through 
the porous diaphragm into the anode compartment, 
and meets with the chlorine of the anode, ehlorah*, 
and not hyjXKjhlorite, of potash is produced. The 
)>ota8sium chlorate is then separated by crystallisa- 
tion and is sold. 1'he manufacture of potassium 
chlorate is now almost entirely ele(;trolytic, and one 
of the original and 
largest manufactories 
is at Vallorhes, in 
Switzerland. There 
arc other substances 
made on a similar prin- 
ciple, but these are the 
most important and 
most highly developed. 
Figuie 9 is a dia* 
9 . APPARATUS FOR gram of a simple €»lec- 
MAKING HYPOCHLORITES trolytic apparatus 
AND CHLORATES demonstrating the 
principle by which 
caustic soda or t>otash chlorate or hypochlorite is 
manufactured from a solution of chloriae. AA is a 
vat ; B and C are platinum anode and cathode 
respectively, and D is a porous partition of unglazed 
earthenware or canvas. If a solution of sodium 
chloride (salt) be the electrolyte, chlorine is evolved 
at B, and hydrogen and caustic soda at C. If, how- 
ever, potassium chloride be continuously run in 
at C, caustic potash is formed, and this, upon 
percolating through the partition to B, and meeting 
with the chlorine, forms potassium hypochlorite. 
If the whole operation be conducted at a tempera- 
tiure near to boiling, potassium chlorate, instead of 
hypochlorite, is formed. ^ 

Osone and Nitric Acid. Atmosph^^ air 
consists of a mixture of oxygen and nitrogen. The 
atoms of oxygen are naturally grouped together in 
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jjaira^ and these pairs ore called molecules. The 
only difference between oxygen and ozone is 
that the latter consists of oxygen atoms grouiied 
together in sets of tliree. On the principle tnat 
“ two is ooTupany and three is none,” the odd atom 
is always eligible for pairing with the first attractive 
companion. Ozone, then, may be considered an 
unsteble form of oxygen, which is more ready to 
combine with other bodies, or to “oxydise” them, 
than is ordinary oxygen. Ozone, or rather “ ozon- 
ised air,” is produced by passing a silent high-pres- 
sure electric discharge through ordinary air, some 
of the atoms of oxygon become electrified, and are 
attracted to the uneleotrified molecules. 

The cause of its presence near the sea is probably 
the evaporation of the sea spray as it breaks upon 
the shore, for direct electrifi(;ation is not the only 
means by which air may become ozonised. On 
account of its oxydising or burning properties, 
ozone has found many uses. It is a 
jKJwerful disinfectant and germ de* 
stroyor, and on this account is 
coining into use in hospitals, 
and even in public places of 
amusement, in hotels, and 
private houses. It is capable 
of destroying many noxious 
germs, such as anthrax, ty]>hus, 
and cholera bacilli, and is there- 
fore useful for jiurifying water 
for drinking, and in rendering 
sewage water harmless. 

The healing properties of 
ozone have undoubtedly been 
exploited by those unqualified 
to understand them, but the 
fact that the medi(;al pro- 
fession are seriously re- 
garding it proves its 
genuine usefulness in many 
cases. 



Small and large ozonis- 10. THE “ otto ELEC- 
ing plants are now being trio ozoniser for 
constructed by the Lab- sterilising WATER 
incyer Electrical Co., Ltd., 

of London, a small plant designed for domestic 
use being shown in 10. They consist essentially of a 
transformer and condenser for transforming the 
pressure of the electric mains to a pressure varying 
from 3,500 to 7,000 volts, and the ozoniser itself, 
which has electives presenting many points, and 
opposed across glass or other insulators. 

If, instead of a silent discharge, powerful electric 
sparks be passed through the air, nitric jieroxide is 
formed by the union of the atmospheric oxygon and 
nitrogen. The gas, when dissolv^ in water, forms 
nitrous and nitric acids, and the manufacture of 
the latter substance by electricity promises to be 
an important industry in the near future. 


WATER-SOFTENING AND WASTE 
PRODUCTS 

Soft Waters for Domestic Use. In 

places where the water as ordinarily supplied is 
hard, and both wasteful and unpleasant to use, 
people would do well to remember that prevention 
is better than cure, and turn their attention to 
other and more suitable sources of supply. Why 
not use rain-water? A simple calculation will 
show that the water from the roof of a house, if 
caught and utilised, would be sufficient for a large 
proportion, and in some oases for the whole of the 
requirements of the inhabitants. In most cases 
such water goes to waste. 
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RemoTal of Impurities. After a aliower, 
the first water from the roof of a house carries with 
it a Quantity of soot, black, birdlime, etc., which 
woula spoil the colour of the rest, and give to it 
other undesirable qualities. By an ingenious con- 


water is not only freed from its mineral con* 
Btitiients, but it is also rendered sterile. 
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trivance, such as the Roberts Kain-v a ter Separator 
[11 and 12], the dirty portion, consisting of the first 
washings from the roof, is automatically run to 
waste, and the rest, consisting of the clear and good 
water, is stored for domestic use. iSuch apjiaratus 
can Ije purchased from £3 to £6. 31ie saving to the 
household due to the absence of scale in kitchen 
boiler and kettle will quickly pay for the cost of 
installation. Moreover, such water is by many 
^Kiople much preferred hir washing and for baths, 
and it goes without saying that the saving in soayi 
alone amounts to something substantial per annum. 

For small villa houses and cottages a water butt 
should be 
placed to catch 
the rain-water. 

A rum pun- 
cheon of 100 to iRON 

120 gal. capa- 
city should be 
used where jios- 
sible, and even 
40 gal. cask 
1)6 




11. ROBKRTS RAIN- 
WATER SEPARATOR 
(Impure water possiuir t<> 
waste) 


12. ROBERTS R\IN- 
WATER SEPARATOR 
(Pure water iMw^inif t" 
.storatre) 
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is not to 
despised . 

Soft Water by Distillatioo. Hoft 
water is prepared by distillation from sea- water. 
Extremely efiicient appliances for this purpose 
render such water available for industrial an I 
domestic purposes in seaside places where other 
water cannot be obtained at a reasonable cost. 
Of course, such apparatus is indispensable on 
l)oard ship on long voyages. By such a process 


Scale in Boilers from Hard Waters. 

Rut the chief purpose for which water is softened is 
for steam raising. Here, softening is not a matter 
of convenience, but of necessity, to ensure both safety 

and economy. 

As Harold 
Collett stall'd : 

The waste of 
fuel occasioned 
by scale and 

/O® oer lOOO blowing out 

“ must boiomcm- 

bered when con- 
sidering the cost 
of a water sup- 
ply, from what 
water b<*fore it 


SCAL^ 

i O 


COi^PAAATtVB. PBStSTANCB 9, COST 

(Collett) 

ever source. The cost of the 
enters the boiler is a mere nothing compared 
to the cost of evaporating it. Many wat.*rs 
would be dear at Id. jut 1,000 gal., others are 
cheap at Is.” Hard water w^astes in fuel for every 



1,000 gal., according to the thickness of scale in 
the boiler, as shown in the figures above. 

Water-softe ning by Ch emicals. Tiie 
hardness of water may be described as of two kind^ 
— t&mporary and ; ermnnen f - - the former so called 
because it can be removed by prolonged boiling. 

*^1 emporary hardn 'ss is due to the presence in the 
water of bicarbonates — that is to say, lime and 
magnesia combined in certain proportions with 
carbonic acid. Bicarbonate of lime is so called 
because it consists of two equivalents of carbonic 
acid and one equivalent of lime ; it is soluble in 
water, and is contained in most natural waters. On 
the other hand, carbonate of lime — that is, one 
equivalent of carbonic acid combined with one 
equivalent of lime — is insoluble in water, and there- 
fore, if formed, separates out from solution. If, 
therefore, the bicarbonatos can be converted into 
carbonates they will come out of solution as a 
deposit, which can be removed, and the temjwrary 
hardness so got rid of. It is obvious from the fore- 
going that the bicarbonates can be converted into 
carbonates by removing one equivalent of carbonic 
acid, and this can Ikj done in two ways— either by 


18. DUORAM OF STANHOPE WATER SOFTENER 
(Stanhope Water Engineering Oo. Ltd ) 

1 T. f? 


boiling the water for some time, causing part of the 
carbonic acid gas to be driven off, by which the 
bicarbonatos are converted into car 


onates, oi*, 
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secondly, by adding slaked lime — that is, pure 
hydrate of lime or calcium hydroxide — in the right 
quantity. One part of carbonic acid in the hi 
carbonate is taken up by this fresh lime, so that 
the soluble bicarbonntes disa])]M.*ar with 
formation of insoluble carbonates. 

IViminent hardness, like temporary hard- 
ness, is caused by the ])rcHence of certain 
salts in solution in the water, of which the 
more inu)ortant are cah'ium sulphate (sul- 
I)hate of lime), calcium chloride, magnesium 
sulphate, and magnesiuui chloride. All 
four (;om))ounds affect the test for hardness 
already mentioned. Calcium sulphate gives 
rise to the hardest scale, but can be remove<l 
by adding soda ash (carbonate of soda) to 
the water. What is known to chemists as 
“ double decoiniK)sition ” takes place. Sul- 
pliuric acid leaves the lime and combines 
with the soda, whereby are fo.mcd sul- 
phate of soda, whicdi does not form scale 
and carbonate of lime, which is removed by 
subsidence o.* filtration. The iusolululity 
of carbonate of lime is the prime factor in 
liie chang '. 

Water Softened by Heating. 

There are many forms of aj^paratus used 
for water softening, all of which may bo 
said to have been evolved from the same 



14. STANHOPE 
rLARTFYINd 
TOWER 


have illustrated an effective means of removing the 
sediment by gravitation, 'fhe water from the main, 
which is automatically controlled by means of the 
throttle, enters the top tank just in proportion as 
it is removed from the softened water tank. 
In its How through the dividing lank and 
the mixing-})ot it drives a w'ater-whet'l, 
which in turn drives a mechanical stirring 
apparatus for the lime-water. A continu- 
ous stream of clear saturated lime-water 
passes to the inixing ])ot, together with the 
water to he softened and the soda in pro- 
portion reipiired. It then passes d(jwn llie 
mixing tower, wliere some sediment is de- 
])osited, and up the < larifying tower [14], 
where tluj rest of the d(‘posit is (;aught by 
settlement on the cones and dioiw to the 
bottom through the s])outs. The softened 
and clarified water emerges from the top. 
The process is entirely automatic, and as long 
as the a])[>aratus is charged, and |)eriodieally 
blown off, it can be kc])t going indefinitely. 

The (\>llet-Stanhope VVator Softener is 
somewhat different from the foregoing, tlic 
accompanying illustration being sii flic ient to 
show in wiuit resp<'ct it differs [15J. 

The Criton Softener. In the 

(Vi ton water sofUmer fl6]tho hard water is 


simple process first used by Dr. Clark, of 
Aberdeen, which mei-ely consisted in adding 
clear lime-water to hard water, containing bica.r- 
uonate of lime or magnesia in solution. This, by 
combining with one lialf of the carbonic acsid, 
throws down a double })recipitule of chalk. Prior 
to Clark’s process water was softened Muthout any 
plant at all. Clark’s process is ex- 
jTessed by the equation 
Call., (CO,):, -r Ca (Olli., ^ 2('uC(), l 
Iticarbonatc of Lime* Chalk 
lime (Holuble) (insoluble) 

The softening of water by heating 
is expressed by the simple equation 
(’all., (CO, - CaCOa 1 CO.^H-O 
Hie.arbonafce of Chalk Carbon 

lime (soluble) (insoluhle) dioxide 

Upon this principle one or two ell- 
known i)roces8es are based, notably on 
the (Vjntinent. 'riius we have 
Sell on’s apparatus, in wdiich 
water is forced into a dome, pas- 
sing as a fine rain through )wr- 
forated grids, mounted so that 
the holes do not come vertically 
over one another, the waste 
steam from the boiler passing 
Vwtween and heating the water 
sufficiently on its downward 
passage so as t(» cause it to 
deposit its lime salts before it 
)>asse8 into the boiler. We have 
also Howatson’s softener, a cylin 
dfical reservoir containing plates 
arranged in stages in a manner 
so that the water travels in a 
zigzag fashion until it reaches 
the l)ottom, when it is softeiicd, 
a ball-cock at the bottom regu 
lating the inflow at the top. 


(Stanhope Eiiirineei- to a tank divided by a partition 


fo 


further information regarding 
such procesHOK see Industrial (^sc of Wat^^’ by 
H. de la Coux (Schtt, Greenwood & (A).). * 

The Stanhope Softener. In the Stan- 
hope Water Softening Process (18 and 14] we 
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ingCo.,Ltd.) into two unequal portions; the larger of 
these, which contains a, syphon, is called 
the Hffphtm tavk\ and the smaller the hie'i^unr. 
The top of the partition is 2 in. below the level 
at which the syyihon begins to discharge. When the 
level of th(' water in both compartments has reached 
the discharge ])oint the syphon auto- 
mat ic^ally discharges the contents of the 
syphon tank into the mixer, leaving the 
otlier compartment brim full. In the 
syphon tank is a float, which, 
as it descends, lifts, by means 
of a lever, a valve at the bottom 
of the measurer, and y>ermits 
the accurately itieasured quan- 
tity of water to run into the 
“ liruer,” displacing an equal 
<|uantity of clear lime-water, 
which overflows into the mixer. 
During its })assiige upwards in 
the “ limer ” the water ])ass(^s 
tlirough a. bed of slaked lime, 
and on reaching the top has 
iM^come saturated lime-water. 
'Phe l)cd of lime is kept stirred 
U]) by an agiUitor worked from 
the float of the syphon ttink. 

The soda tank (contains a 
solution of soda of given 
strength. To the end of the 
lever worked by the float in 
the syj)hon tank is attached 
a bucket. When the float 
rises this bucket diyw into a 
sump in the bottom of a scjda 
tank, and when the float de- 
scends the bucket is raised 
brim full. As soon as it is clear 
of the soda tank it is brought 
into contact with a syphon, 
which discharges the contents of the bucket into 
the mixture. 

It will thus be seen that accurately measured 
quantities of hard water, lime-water, and soda 
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solution are discluirged together into th(^ mixer at 
every discharge of me syphon. The caimcities of 
the two reagent measures can be easily and rapidly 
varied when required. The discharge of the re- 
agents is exactly dependent on the quantity of 
water to be softened. If this is reduced the syphon 
tank fills fewer times per hour, 
and consequently the number of 
times the reagent mcaHures, 
discharge is reduced in the 
same proportion. 

The discharges from the hard 
water syphon tank, and from 
the lime and soda tanks, all 
meet at the same time and at 
the same place — namely, the 
mixer, and are violently daslu'd 
together, thus ensuring an im- 
mediate and thorough mixtiir<\ 

From the mixer the treated 
water passes through a down 
pi|w to the bottom of the 
settling ttink, whence it sU^adily 
Hows upwards, dofKJsiting in 
its ])rogreHs the heaviest of the 
susijended matters caused by 
the action of the softening pro* 
cess. From here it passes 
through the filter, emerging 
at “ filter outlet” soft and 
bright. The filtt*r is cleaned with- 
out the removal of the filtering 
medium merely by o|)ening and 
e’osing certain valves. The 
lime tank is recharged with 
lime daily, and the 8j)ent lime 
drawn off. In order to kei^p 
the plant ruiming it is sufficient 
to have the attention of one 
man for one hour per day. 

The Bruun«Lowener 
Softener. In the scjuare type of the Briiiin- 
Lowener water softener [17 J the water to be treated 
is led tlirough the pipe K into one of the chambers 
of the oscillating receiver. C. When this chamber 
is filled the centre of gravity is moved, and the 
receiver tii)8 over, pouring its contents into the 

intermediate tank, B, ^ 

below, at the same' time 
bringing the other cham- 
ber of the receiver under- 
neath the orifice of the 
pipe K. On the side of 
the oscillating receiver is 
fixed a semicircular tank, 

D, containing the chemi- 
cals (lime and soda ash 
or caustic soda), and in 
the bottom of this tank a 
valve is fitted, through 
which the chemicals fall 
into the chamber B. To 
the receiver is fixed a 
system of levers which at 
every oscillation actuates 
the valve in the bottom 
of the tank D. The lift 
of the valve can be regu- 
lated by the small nuts fixed on the valve spindle, 
so that a given quantity of chemicals can, by this 
arrangement, be mixed with the water. 

The lime milk in this apparatus has a strength of 
10 per cent. ; clear saturated lime-water has on an 
average a strength of 0*13 per cent. ; the lime milk. 
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therefore, has a atrength of nearly 100 times that of 
the lime water, making it ijossiblo to reduce (he size 
of the tanks containing the lime in the same pro- 
portion. A further advantage of using lime milk is 
that a certain quantity of freslHy burnt lime is mixed 
wdth a eerlain (|uantjty of water, a solution Iwing 
obtained, the strength of whieh 
is always known. In order to 
keep the lime milk in constant 
motion an agitator is fixed inside 
the semicircular vessel contain- 
ing the chemicals, and the oscil- 
lation of the receiver C is utilised 
for driving the agitator. The 
mixture of water and eheinicals 
])asses from B into the heating 
chamber, II, which is provided 
with a steam nozzle for cither 
I i ve or exhaust steam. The wa ter 
is generally heated to a tem- 
t^erature of about 1.50' F. to 
facilitate the precipitation of 
the foreign mailers. However, 
where steam is not available 
the water can, of course, b(‘ 
treated cold. From the heating 
chamber the water ]>a8seH 
through the bypass pq) 0 , (1, into 
the settling tank, A, where the 
])recipitation takes place. Before 
k'avn'ng the tank the water is 
filtered through the filter, which 
is made of wood wool, packed 
tightly between tw'o rows of 
wooden bars. The filter can 
easily be taken out and cleaned 
by removing (lie top bars, and 
the filtering material can be used 
over and over again, after having 
been pro|K.*rly cleaned. A sludge 
eoek, F, is provided for draw- 
The softened and purified water 
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ing off the deposit, 
coming from the filter flows into the storage tank 
O, at the end of the softener, and is drawn there- 
from. The flow of water to the oseiliatiug receiver 
is regulated by means of a high-pressure float valv(‘, 
fixed on the pij>e K, thiough which the water passes. 

, Settling Acceler* 

ated by Agitating. 
Not long after Dr. Clark's 
process had Ijoen in.stalled 
an obvious improvement 
suggested itself, the dis- 
covery of which may have 
been a pure accident. In 
Clark’s process the pre- 
cipitate is allowed merely 
to settle in large con- 
crete or iron tanks, and 
the clear water is drawMi 
off from the top. TIh^ 
precipitation is compara- 
tively slow, but if the de- 
|) 08 it at the bottom is 
stirred up each time the 
settlement of fresh de- 
posits is much accelerated, 
on account of the heavier 
crystals entengling and carrying down the lighter 
ones. In early forms of plant, as soon as a charge 
was introduced into the tank it was customary to 
stii- up the sediment each time with a paddle or 
mechanical stincr. This principle is carried out 
in a scientific manner in plant constnictcd by 
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effluent clear, and sufficiently i)ure, 
settling tanks, such us were used in Iho 
early days, are still employed. In such 
eases the effluent flowed in succession 
zigzag fashion through a series of con- 
crete tanks over cills or partitions. The 
first tanks, of course, receiveJ the 
heavier d(‘i>osit, and the tanks were 
nrranged so that one or two at a time 
could Ih 5 dispensed with while the 
d(‘posit was being I’emoved : but ground 
space will not always ])ermit a system 
of this kind. Moreover, the quantity 
of effluent capable of being dealt with 
is limited to the settling capacity of the 
tanks, and if great variations take place 
in quality and quantity of effluent, the 
treatment is likely to be unsatisfactory. 
It must be admitted that the Rivers 


Me.ssrs. Mather & Platt, of Manchester [18], 
which can be understood by reference to the 
figures ; A, Effluent water inlet ; 11, tank for 
jlissolving chemicals ; C, blower for air and mixing 
chemicals ; J), perforated rose ; (_J, three-way tap ; 
If, air tap on blower ; K and . 1 , jierforated pqies 
for air ; K, floating discharge pii»e. The blower 
not only disturbs the sediment, but mixes the 
chemicals. A great saving in time of settling is 
icstablished, and consequently a greaU.*r output of 
softened water is obtained. Furthermore, the plant 


Commissioners are very reasonable in their re- 
quirements, and so long as manufacturers show 
that they are exercising their best endeavours 
to fulfil such reejuirements they are not unduly 
harassed; but u|K)n the manufacturer is placed 
the onus of devising a sclaum^ for the treatment 
of his effluent, and it necessitates a great deal 
of ingenuity on his part to choose between the 
many well-known processes so frcijuently brought to 
his notices 

We have known cases whei o troublesome effluents 


is suibiblc not only for ordinary softening, but for 
j)urilication. Some wattTs whi(;li arc not amenable 
to carbonate of soda and lime treatment alone can 
be treated by the use of these chemicals in conjimc- 
tion with alum. Water so softened is also rendered 
'organi(;ally purer, as careful trials have proved. 

The Removal of Grease from Water. 
The removal of lime and magnesia salts, 
although imi>ortant, is not more so than the | 
removal of grease, as there is no doubt that 
t!'i 0 presence of grease in feed water has been | ^ 

frequently the cause of the collapse of boiler | M 
tubes and other serious casualties. The | 4 I 
rtunovnl of grease from exhaust steam is | | 

eflected by oil separators, such g | 

as Raker’s (20], of which there m | 

arc many sizes and patterns to I 

metit the various requirfunents. | | 

Treatment of Effluents. | i 

The purification of effluents from | | 

different works has largely been \ 

forced upon the manufacturers by j f 

h.gi 8 lation, but of later yeai*s the pro- j £ I 

fiucts resulting from such purification j 

Jiave been found to bo of industrial ® 


have* been treated at very small outlay by 
digging sumps where the ground is impcrmenhle, 
and causing the water to flow over a succession 
of terraecH like tfiose arranged for watercress beds. 
Such primitive a])pliauces at times do more to 
satisfy requirements than complex filters. Figu'^e 19 
shows an arrangement of settling lank-. 


TANK X 


Y 


imjx)rtance, and therefore in such 
cases, even if restrictions were re- 
moved, the manufacturers would still 
continue the processes of purification 
for their own advantage. An impor- 
tant case in point is the recovery 
of waste liquors from esparto and 
wood boiling [-^ee Paper-making]. 

Where mere subsidence will (!arry 19 . TANKS FOR PURIFICATION WITH ALUMINOFERRIC 

down the particles and leave the (Peter Spence «& Sons) 
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*' Reisart ** Automatic Self-cleaning 
Filter. This [21] is used for clarifying turbid or 
muddy water for industrial purjKJses. The water 
to filtered is received into the chamber B, and 
flows downwards, following the course of the arrows 
into the chamber C, and so reaches the filter-bed, F, 
through which it yiercolates, leaving the mud, etc., 
on the upper side of the bed. The filtered water is 
received into chamber V, and finds its way upwards 
via pip© K into chamber R, and finally overflows 
the diaphragm, N, into the filtered- water outlet, E. 
Obviously, the rate of filtration will vary with the 
state of the filter bed and the head of water in B. As 
the filter bod fouls and the resistance to the flow of 
the water increases, the water level in B rises and 
establishes a corresponding level in the pipe L., 
w'hicli, it will 1^ observed, is in connection with C, 
Inside this annular pip©, L, is another pipe, S, which 
extends from nearly the top of L right through the 
filter bed and receiver V to the waste water channel 
O, forming the base of the filter. As the water rises 
in L, in sympathy with B, there presently arrives a 
time when it ovorfiows at J, and so forms a syphon. 
The eiirrent through the lilter is 


leaves the saturator, 8, at the top, through the pi|>o 
W, and is carried away into the reaction chamber, D, 
by way of the mixing pipe, E. The soda apparatus 
is charged with strong soda solution once daily, 
and being much heavier than water, it remains at 
the bottom. 

The water flowing from the distributing tank, R, 
through the small micrometer valve M — which is 
adjusted in accordance with the amount of soda 
required — into the soda chamber, N, remains always 
on the surface of the soda solution (no mixing 
occurs) and displaces the same, it being carried 
through the small pi])e from the bottom upwards, 
and into the mixing i)ii)e, E, and finally into tlio 
reaction chamlwr, T). The softening takes place 
in I), and the water, after softening, passes down 
tlirough the filter, F, up into the tank X', where it 
overflows into the tank. N is the syphon for flushing 
the filter. In all respects it acts in a similar way to 
the cleansing filter already described [21]. 

The “Torrent” Filter. This repreents 
a type with which we have not dealt. It is ex- 
tremely 8im])le, and costs very little for u])kccp. 


thus rapidly reversed, the water 
ill R flowing back through K and 
upwards through the filter bed, the 
dc)) 08 iton the filter being thorough- 
ly disturbed and carried into the 
waste channel, (t. Tlie chamber 
R is profKirtioned to contain 
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SELF-CLEANlVd FILTER 2i2. REISEET AUTOlVLiTIC SOFTENER 


20. THE BAKEK OIL SEFARaTOR (Uoyles, J.td.) 


(Hoyles, Ltd.) 


suflieient water to effect this cleansing operation 
thoroughly, and as this chamber empties, air enters 
and destroys the action of the syphon, and the 
cleansing ceases. The filter then resumes its normal 
working. The cleansing o|)eration is repeated as 
often as the state of the filter requires, and is entirely 
automatic. 

The same system is used in conjunction with the 
water softener [22]. This latter is peculiar in its 
construction, and different from any of the foregoing. 
The lime saturator, 8, is cono-sha|)^. The charge of 
slaked lime is inserted through tank R' once 
daily. 

Byr a constant uniform water supply from the 
distributing tank, R, which is conducted downwards 
through the central pipe, K, through micrometer 
valve V, the lime paste at the bottom is stirred up 
and thoroughly impregnated, so that it rises at first 
partly with the water, until the rapidity of the rising 
w^-ter diminishes so much, owing to the upward 
widening shape of the saturator, that the undis- 
Bolved lime particles are no longer able to follow, 
00 that the saturated lime water, clarified, then 


The great feature of this filter is that the filteriug 
medium is cleansed and revivified by introducing 
for a few minutes, at intervals of about ten 
hours, a jet of air under high pressure produced 
by the aid of a steam blower, and at the same 
time admitting a reverse current of water. The 
violent agitation so ])roduced causes the whole 
of the filtering medium and contained impurities 
to boil up, as seen in 28. The particles of dirt 
are washed away and discharged through the 
outlet, leaving the filtering medium clean. The 
medium never requires to be replaced by fresh, 
and what littlo there is lost through the dirt is 
easily made up by tlie addition from time to time 
of small quantities. The filtering medium is chosen 
to suit tno requirements of the particular water 
which is to bo treated. There are no mechanical 
moving parts to get out of order. 

Filtration. For laboratory work special 
filters are constructed, the simplest, perhaps, being 
the Kitasatos porous tubes in addition to which 
we have the Chamberland porous filter [25], which 
can be mounted in metal tube with stopcock to fit 
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ft wftt-er There are ftlno the Maasen tilti'r 

candleR with j)oreclain heada [ 26 ], and the well- 
known Klein laboratory filter, titled with Paateur- 
Chainl>erland filter tul»e [ 24 |. . 

For domealic work we have vciry nnieh the aanie 
kind of contrivance working under ])reasiire. In 
aoine of them dirt ia quickly removed by the 
reversal of the current of water. Nuinorous other 
lillera and water softeners, both for domestic and 
manufacturing purpoaea, have been invented, and 
are in use, but it has lieen possible to consider only 
some of the typical jirocesses here. One of the 
ino4 simple and effective for the claritication of an 
ordinary mill effluent is that recommended by I’cter 
S^KUioe, to be emphived in conjunction 
with aliiminoferric, wdiich ia now so much 
used for the purpose. 

flow to Apply Aluminoferric. 

Figure 19 gives a general idea of the method 
of using aluminoferric, also of a system of 
settling tanks which, we think, may with 
advantage be adopted by many manufac- 
turers for ])urifying their waste water. 

PP rej)resents the box or cage contain- 
ing the aluminoferric standing in the 
cdiannel or conduit. PP represents a 
Horica of baffle plates to insure the alu- 
minoferric being thoroughly inixinl In'fore 
flowing into the tanks. The tw'o binks 
shown may Ih) used in two different ways 
as may beat suit the special circiimsianees 
of each manufacturer. 

They may lie used independently by oiien- 
ing A and C and closing K and M. The 
treab'd water will thus ]inss into both tanks, where 
precipitation will take jdace, and, when full, will 
tlow over the sill at the end, and, H and .] being 
ofien, the clarified water will pass away into the 
outfall. 

Alternately, C and F and M being closed, the*, 
treated water will flow into tank X, and passing 
forward will overflow into the channel at the end, 
and H and .} being also closed, the water will flow 
into tank Y, jind F and (< being open, will flow into 
the side channel and pass away into the outflow 
as in the first instance. Or the working as described 
may b(^ reversed by closing A and M and ojjcning 
K and L, 

With regard to the tpiantity of aluminoferric 
which may bo reipiired, this 
necessarily depends upon the 
degree of impurity present in 
the wat<T. In some castes a 
ton will be sufficient to purify 
a million gallons. In other 


instances, where the water is highly impure, ex- 
porien(;e shows that it may be necessary to use a 
quantity equal to two tons per million gallons. 

The pri(^e of the aluminoferric may l)o taken at 
£2 I5s. per ton, in four-ton lots, delivered at railway 
station within, say, 50 miles of Manchester or Goolc. 
The su])ci‘ior results obtained by this process 
have enabled manufacturers in many instamios to 
utilise the elarifie<l water for manufat'turing pur- 
poses, and whore this has been done, it has been 
found that the purification is accomplished prac- 
tically without expense. 

Recovery of Fibres. (IbjectionH are 
raised to effluents from mills containing fibrous 
particles, which may he harmless in them- 
selves hut will si)oil the a])])earance of the 
stream. They are frequently collected for 
economic reasons and used again in the 
mannfaetniv. 

Perhaps the sim]>loHt appliamie for 
catching fibres from »*ftlnent iw an ordin ^rv 
“ save-all,” which* consists of a revolving 
cylinder slightly ta})ering and rtjvolviiig 
slowly on a horizontal axis and covered 
with fine wire; gauze. ^Phe water passes 
in at the small end and drains through, tlu‘ 
fibre is caught and discharged at the other 
end of the drum. The well-known Fullne** 
Sc]>arator, which takes the fibres out by a 
f)rooeHS of settlement, has now become a 
part of the gcmeral e(|uipment of a, mill. 
Afb'r this claritication j)roccss. the fihi’c 
colle(!tC‘d is used again in the manufacture. 
We do not profess to deal with the sub- 
ject of .sewage purilication [‘oe y> igji 4.547 1, but there 
is no hard and fast lim* dividing such purification from 
that of mill effluents, because the latter includes 
many eases which re({uir<‘ to l)c submitted to similai' 
treatment to sewages, as, in addition to removing 
chemical impurities, it becomes frequently necessary 
to destroy organic contamination. Wc have, thcri‘- 
fore, practically all the methods of sewage purifica- 
tion employed in conjunction with existing works 
on effluents, even to the bacterial process. 

Can Waste Products be Utilised? 
There are many so-called waste jirodiicts wliiedi are 
now turned to useful account, and therefore no 
longer regarded as such. In fact, as we all know, 
there should be no smtli thing as a waHtt‘ product. 
Whether oi* not it can he utilised l)ecomcM merely 
a (piestion of £ s. d. 

We have to impiin* umler what conditions th(' 
recovery y»roce.HS and utilisation of waste <mn K* 
carried out economically. To answer this question 
there are several factors to be taken intc» considera- 
tion. Quite apart from the nature of the products 
wo must know the quantity to be treated, and, 
what is even more important, the state of dilution. 
Oftt'u the quantity is insufficient to pay for re- 
covering, even although excellent processes may 
he else; whore in operation. If waste 
liqiU)rH are to Ixi tn^ated they must not 
too dilute ; thus it pays to recover the 
.alkali from esparto licpiors but not from 
rag liquors, as the latter are usually too 
di'uto and the cost of evaporation would 
be too great. It might, however, pay 
where esparto and rag liquors are treated 
togetlier. 

As another illustration, we recently 
examined a quantity of waste fibrous 
material with a view to utilising it or 
finding a suitable outlet. We found thaf- 
the material yielded, on dry distillatioiq 
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a high percentage of acetic acid and wood spirit ; 
but although some hundred tons were available 
per annum, the quantity was too small for a plant 
to be constructed to work it economi- 
cally, In such a case the only altemn- 
tive is to look around for similar waste W 

products which could be treated in the -Si 

same plant. 

Slag and Mineral Refuse. |3 

Considerations such as we have out- 
lined above apply to practically all ■■ 
waste products. "J^ake, for instance, the 
case of blast furnace slag. Enormous 
quantities of this material have been 
Hccumrilating, and may be seen ns huge hB 
mounds or heaps by the side of the 
furnaces. Numerous projects have been jUf 

put in hand for utilising this waste, 
but consider some of the initjal dilti- 
culties. In many parts furnaces are ^ 
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on brewers’ grains [see Brewing], and numerous 
other so-called “ waste products,” of wdiich not 
an ounce is really wasted. 

Sometimes the waste is employed again in the 
same factory in which it was originally produced, 
as in the case of metals melted down for use 
again, or in the ” regeneration ” of waste rubber. 

S3 Perhaps coal-tar is the most striking instance 
of what was once but can no longer be regarded 
as waste [see page T 401 |. 

One of the most troublesome sources of con- 
tamination to streams is the cfflueiii 
from flannel mills which is derived from 
])rocesses used in washing w'ool. 
Wool alw'ays contains a proportion of 
fatty substances, the greater part of 
which, however, resemfih* fat only in 
ap])earanee, and not in chemical ]iro- 
])erties. These consist of a body Icrined 
26 choIesUritu^ belonging to the class of 


scattered up and down the country in 25. ( HAMBEH- MASSEn’s substances known to chemists 


twos or threes, and to utilise the slag LAND POROUS 
economically it must be worktMl up on FILTER 
the spot. Wc will 8UY)posc plant and 
machinery is insttilled, what is to hapjien wdicn 
that particular heap of slag is exhausted, and it 
costs too much to bring it from a distance ? 
Nevertheless, slag is Ixung eiiifdoyed for a number 
of purposes. In many jjarts it is used as a road < 
metal, although not very suitable for this imrpose. 

It is also used for making bricks, Y>aving slabs, wall 
copings, ornamental blocks, etc., with the addition 
of lime and cement as bonding agents. Other w'nste 
materials, such as slate refuse, clinkers from destrm - 
tors, stone chippings, and even sand may be similarly 
treated. These materials are first fed into a heavy 
revolving grinding mill, and reduced to lino powder 
by passing through H<!rt*tms and returning the coarse 
stuff to be reground, as described in the manufac- 
ture of ordinary bricks | see ^mge 1278J. The result- 
ing ground material is then measured out with the 
” bond,” whether lime or cement, in the correct 
proportions, and delivered into a mixer under a 
spray of water, an<l thence the material passes to 
the mixing pan — a machine similar to, but lighter 
than, the grinding mill, and, when rtnluccd to the 
<;orrect consistency, it is conveyed ' 

to the brick-making machine. 

The moulded bricks are dried 
either in the usual manner by air 
hardening or by a more rapid ]>ro- 
cess. By heating the bricks in an 
autoclave [27] under 120 lb. steam 
pressure, they can be hardened and 
ready for the market in 24 hours. 

Blast furnace slag and Portland ^ 

cement resemble one another in JOHN sol 

composition, and successful at* 
tempte have been made to prepare cement from 
this material, but in spite of all inventions there is 
plenty of slag left for the chemist to work upon. 

Other Examples. Numerous examples of 
the utilisation of waste products will be found 
in studying any industrial Y)roce88. Thus, the glue- 
maker depends on the waste pieces of hide or lea ther 
clippings and the waste bones from the slaughter- 
house or dust heap [see page 5357 J. The manu- 
facturer of animal black uses waste animal refuse 
of all sorts. The farmer feeds his stock on cotton- 
seed or linseed cake, from which the valuable oil 
has been extracted [see Cattle Foods], on bran 
and pollard from the floui-mill [see page 30/8], 


FII.TER alcohols. Ch(?mically, wool fat is more 

OANDLE difficult to decom|>osp than ordinary 
fats, and, in consequence, hangs abt)ut 
and contaminates any water or stream inio wbieli 
it finds its W'ay. As iM^tash is used in w'ool- washing, 
it pays to evaYiorale the waste liquors instead of 
allowing them to become an effluent, and, after 
coneentration, to ignite them, when the YKitassiiiiu 
is recovered in the form of j»otassium carbonate. 
The ash is lixiviated, and the liepjor us(‘(l over 
again for wool -washing. 

One of the waste products for which no really sat is- 
factory use has been found consists of the sulphite.* 
liquors remaining over after the Y>reYmration of wood 
pulp (see PaY>er-making]. These lifpiors have been 
w'orked up for the scYiaration of sizing materials, 
but without much commercial su(*cess. The latc*st 
nttetni>ts lie in the direction of the production of 
cattle foods, but reliable data are not yet to hand. 

PerhH|)s one of the most difficult of all YJroblcms 
is the utilisition of town refuse. A large Y>ro]»oi- 
lion of the solid matter is of a nitrogenous 
nature, and were it in the same* suitable 


27. Johnson’s autoclave, or hardening chamber 

(William Johnson & Sons, Leeds) 

ent from condition as it is sometimes found in country dis- 

LS there is triots, it would prove a most valuable manure, 

k upon. Unfortunately, in largo towns and cities it becomes 
miples of diluted with such large volumes of water that the 

be found economical sejiaration of the more valuable con- 

the glue- stituents becomes one of the most difficult problems 

or leather with which we are faced. On the other hand, wc 

daughter- cannot but view with concern the large quantities 
be raanu- ' of combined nitrogen which are constantly being 
lal refuse removed from the soil and deposited in the sea. 

in cotton- The solid matter of town refuse is now frequently 

luable oil burnt, combustion taking placie in special furnaces 

on bran or destructors. In many towns the heat so pro- 

ge 30/8], duood is utilised for steam -raising. 
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A GUIDE TO DENTAL STUDY 

How the Student Qualifies for Practice. Course ot Study and 
Exaninations. The Student in the Hospital. The Higher Degrees 


K modicjal and dental profeBsions are both 
undcT the control of tlie (ientTal Medical 
(’Ouncil, appointed by Act of Parliament, whose 
headquarters are at 299, Oxford Street, l^ondon, 
^V. Tlic duties of th(^ (>3uncil are concerned 
principally with the registration of doctors and 
dentists, such registration being held to confer the 
legal qualiHcation to practise the profession of 
medicine or dentistry, as the case may l)e. ThcTc 
are a numl)er of universities and colleges which 
conduct examinations and confer diplomas or 
licences in accordance with the result of these 
examinations, and the Council, subject to the 
apju'oval of the Privy (^oiin(‘il, determines what 
licenceso confciTed shall lx* aeeepted as evidence 
1 hat the holder is possessed of adequate knowledge 
and skill. The Council bases its decision in each 
case upon a consideration of the requirements of 
each examining body, and th<^ standard of its 
(examination ; and, if it is satisfied, it has the 
power of enrolling the name of the licensee upon 
the register, which it is its duty to prepare and 
publish from time to time. 

The Dentist’s Education. Before con- 
sidering in detail the course of study prescrilied 
by the Council and tht» Examining Bixlies 
recognised by the Council, it will be well to 
make a few i*emarks upon the preliminary 
education w'hich should precede the s{)ecial study 
of dental surgery. In preparing for the })ractico 
of dentistry it will lx? seen tliat some importance 
attaches to the kind of ediujntion which a boy 
whom bis parents wish to educate os a dentist 
is to receive at school. 

Dentistry is to a gi’eat extent a handicraft, 
and its successful practice demands manual skill of 
a high order. Ix^ng before the studen^t begins his 
special work, much can 1x5 done to endow the 
lingers with suppleness and the mind with 
mechanical aptitude. Finger-t raining can hardly 
started too early ; at school, the spi^cial classes 
w hich have this object in view' — such as carpentry, 
8loyd work, and working in metal — should bo 
attended ; while out of school hours every en- 
couragement should be given to tastes which turn 
in the direction of mechanical engineering. The 
])iano and violin, too, provide valuable forms of 
finger training, and the time spent in learning to 
play these instruments will, even from th’s point 
of view, not be wasted. Again, the relation of a 
dentist towards his patients being of so personal 
a character it is of great advantage to the former 
that he should be possessed of a good education ; 
but when a choice has to be made between 
literary and scientific studies, the preference 
should undoubtedly be given to the latter. Such 
a choice has generally to be made at gfme stage 
of school education, and it will then Inadvisable 
Hot to pursue the study of languages and general 
literature if this involves the sacrifice of time 
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which might be devoted to chemistry and 
physics. 

Preliminary Examination. The General 
Medical Council holds that the prescribed period 
of bona fide dental education begins with tht? 
registration of the student as a dental student, 
and, before it will consent to register a student, 
the latter must produce evidence (a) that he is at 
least 16 years of age ; (6) that he has actually 
begun the study of dentistry ; and (r) that ho has 
passed a recognised preliminary examination in 
the subjects of general education. [See Schedule 
of Examinations] 

It therefore follows that during a boy’s last 
year or so at school he should l^e prepared for 
one or other of the preliminary examinations in 
the subjects of general education. The Council 
has decided that the preliminary examination 
chosen must be a test of proficiency in these 
subjects : 

(1) English grammar, paraphrasing, compo- 
sition; English history, and geography. 

(2) Latin grammar ; translation into English 
from unpresciilxid Latin books ; translation into 
J.iatin of a continuous English passage and of 
short idiomatic English sentences. 

(3) Mathematics: arithmetic, algebra (including 
easy quadratic equations), geometry (including 
the subject matter of Euclid, Books 1., II., and 
III., and simple deductions). 

(4) One of the following subjects ; 

(а) Greek : Grammar, translation into ICnglish 
from un prescribed Greek books, translation into 
Greek of short- idiomatic English sontt^nces ; or 

(б) A modern language : Grammar, translation 
into English from unfirescribed books, translation 
of a continuous English passage and of short 
idiomatic English sentences. 

The Standard of Proficiency. Full 
information as to the examinations whieli 
are recognised by the Council as constituting a 
fair test of proficiency in the subjects of general 
education can be obtained at the offices of the 
Council, and it is unnecessary to do more than 
refer to the following ns typical examples which 
will servo to indicate the standard of proficiency 
demanded : 

(a) Junior Local Examination of the Univer- 
sities of Oxford and Cambridge. 

(b) Matriculation Examination of the Universi- 
ties of London, Manchester, Liverpool, Leeds, 
Birmingham, Wales, and Ireland. 

(r) Preliminary Medical Examination of the 
College of Preceptors and of the Royal College 
of Physicians and Surgeons in Ireland. 

(d) Examination for first-class certificate of 
the College of Preceptors. 

Choice of examination is naturally to be 
determined in many oases by the age and 
abilities of the student, and the locality of his 








home or Boliool ; but it should be said that, where 
possible, preference should be given to the matric- 
ulation examination of some university, since 
success here is the first step towards obtaining 
jxny degre-c conferred by the University ; and this 
the student may well tit some time d(*sire to 
follow up by tal^g one or other of the degrees. 

Apprenticeship. The preliminary ex- 
amination having been disposed of, the next step 
for the student is to apprentice himself to a 
regishinxl d(‘nt4il practitioner, who undertakt^s 
to instruct him in dental mechanics. A word of 
explanation is here nettessary. Heferenee has 
been made h) that part of the dentist’s work 
which consists of the fitting of artificial teeth 
to tlui mouth, to supply the place of tliose 
teeth which have been removed. Neglect to 
})reserve the natural teeth, and tin* consequent 
recourse to extraction for the relief of pain and 
unhealthy conditions, result, in the frequent 
need for artificial substitut/es ; this branch of 
dentistry is consequently vciy imf)oitant, and 
ocfuipies a largo portion of the dentist’s time 
and energy. A great deal of the work can, how- 
ever, be done in the ahseneci of the patient, if 
an accr.raUi model or copy of the jaws be first 
mad(i in plaster of Paris. A dentist, thercfor<‘, 
needs a workshop where tlu; purely mechanical 
jiart of the woik can be done ; and, if he has 
a sufficient number of patients to occupy his 
time day by day, it is obviously economical 


for him to employ workmen to undertake the 
work which can be done on the model. This work 
is called dental mechanics, and it is in order that 
he may learn the principles and practice of this 
work that the student is apprenticed. 

Study of Dental Mechanics, 'rhi; 
tfeneral Medical Council prescribes that thn*e. 
years shall be spent in the acquisition of 
this knowledge and skill ; and, although the 
regulations allow that one year should run 
t;oneurrently with a year of the hospital instnic- 
tion, which naturally follows the apprenticeship, 
it is certainly beiUM*, unless the al)iliti(?s of the 
student, are very exceptional, to devoto the full 
thrcie years to the study of dental mechcanies. 
Unless the student lives near the hospitals 
wh<‘rt* his education is lacing f*arri(?d on it is, of 
course, essential that he should complete the 
three years f)f his apprenticeship before he 
joins the hospitals ; hut ev(m when^ this is not 
the ease, the importance of a thorough grounding 
in the work lK)th for its own sake and for the sakti 
of the finger-training which it affords, renders 
it desirable not to curtail the time specially 
devoted to learning dental mechanics. 

Terms of agre^'ment are consequently drawn 
uj), in a(?cordancc with which the pupil or ap- 
prenlic(‘ attends in the work-room during staUnl 
hours of the day for a period of two or thr(*e yearn. 
Ho is under the supervision of the dentist, whose 
duly it is to S(H^ that he is pr<qK*rly instructed. 


SCHEDULE OF EXAMINATIONS FOR DENTISTS 

Before entering for tlietie exauiinations stuUeiitb are rciiuiretl to Iwivo paHseil a rieliininary lAamiiiation in Arlh, 
HUeh, for examiile, aw the Alatrieulntion. [For imitienlurs bCe text.) 


Kx.iiiiiinnt.' Hi»I> , Tiiiu* aiul IMuct* of KxHiiiiitHlioii. 


Ii\ xvii\ I ii>\ 


Koyal college ok Slkgeons, London 

1. Preliminary Science KxaminatiotK 

.Innuary, Marcli, .Inly, ami OctoiaM 

2. First Professional Examination. 

May and N«>veml)er 

3. Second Professional Kxandnutioii. 

Part 1. May and ]Voveml)er 
Second Professional K.xamlnation. 

Part 11. May and .November 


Cbeiiiihtry, Pliysieh, Practical Chemistry 

Dental Mcehaidcs, Dentnl Metallurgy 

tJeiicral Anatomy, Physiology, Pathology, ami Surgery. 

Dental Anatomy and Physiology, and Denial Surgery 
and Pathology 


POYAL COLLEGE OK SFKGEONS, DCilLlN. 

1. Primary. Fehriiary', May, and NToveitk- 

ber 

2. Final. February, May, and No\ ember 


Physies, (Tiemistry, Metallurgy, Anatomy, Physiology, 
Histology, Snrg«Ty 
Jfental Meehanies, Dental Surgery 


Faculty of Physicians and surgeons, 
Glasgow. 

1. First. Ifivislon 1. Mareh, .lune, Oetoher 

Division H. March, June, Oetoher 

2. Final 

lloYAL College ok surgeons, Edinburgh. 

1. First. April, July, November ., 

2. Second. April, July, November 


(Tiemistry and ITiyaies . . 

Human AnuUmiy and Pliysiology 
Surgery. Medicine, Dental Anatomy, Physiology, 
Pathology, Meehanies, and Metallurgy. 

Chemistry and Physics, Anatomy ami IMiysiology 
General Surgery. Medicine and Therapeutics, Dental 
.Anatomy, Physiology, Surger>\ Pathology, Mechanics 


mill Av,*‘ 

LlllUta 


£3 .T O 

£2 2 (» 

£2 2 0 

£3 3 0 

and 

£10 10 0 
for diploma. 
21 years. 

£10 10 0 
17 years. 
£10 10 0 
21 years. 


£8 3 0 

£3 3 0 

£9 0 0 

21 years. 

£5 5 0 

£10 10 0 
21 years. 


VKrroRiA University, Manchester. 

1. First. June and Bimteinbcr 

2. Second. May and November . . 

3. Third. March and July . . 

4 . Final. March and July . . 


(Tiemistry and Physics 

Dental Mechanics and Metallurgy 

General and Dental Anatomy, Physiology, and His- 


£2 

£2 

£3 


liOiogy. 

Surgery, Operatic Dentistry, Dental Surgery and 
Prostiictics. 


£3 

and 

£5 5 0 

for Diploma 
21 years 
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The work is so essentially practical in nature 
that little theoretical instruction is given, and 
it is learnt bit by bit fropi the mechanic or 
workman employed by the dentist. The pupil 
watches the mechanic at work, and carries out 
the practical instructions which the latter gives 
him. By constantly carrying out the various 
processes involved, he gradually acquires the 
necessary skill and knowledge of the materials 
and appliances with which he has to deal. To 
most young men the work is at first far from 
interesting, involving as it does a large amount 
of sheer drudgery ; and a go(xi deal of the work 
can only be described as grimy. Its importance, 
however, cannot be exaggerated, and interest 
increases with application and the steady pro- 
gress of familiarity with the varying pro(ieasc.s. 

The Dental Pupil in the Hospital. 
Of recent years several of the dental hospitals 
have inaugurated the pra/'tice of receiving 
pupils in the work-rot)m.s attached to them. 
The principle is exactly the sanu*, the pupil 
being in this case apprenticed > to one of the 
rt'gistered dental practitioners who attend the 
h<).spital as members of the honorary stall ; 
but the system offers eertain ati vantages to the 
])upil which are well worth considering. The 
})upil has the advantage of being connected 
with the hospital from the first, and has conse- 
quently the opportunity of becoming acquainted 
with the hospital system before he enters as a 
student ; he is betUu* able to ap})rcciatt‘ the im- 
])ortance of learning his work thoroughly ; ho 
is associated with others who arc in the same 
position as himself, and is, therefore, from the 
first brought under the intluenee tff a healthy 
rivalry. Further, the methods of working which 
he is taught are genendly more up-to-date 
than those which prevail in most private work- 
shops. He is able to attend lectures dealing with 
his subject, which should counteract the natural 
tendency to become a mere rule-of-thumb 
workman ; his instruction is generally better 
systematised, and the m(;chanic from whom 
he loams his work is usually appoinUid specially 
for the purpose of instructing, and is consequently 
better able to teach him than the average 
mechanic in a private workshop. 

The Private Pupil. On the other haml, 
a private dentist who conscientiously porfonus 
his duty towards his pupil should be able to 
give x^erfectly adequate instruction ; the private 
pupil has -i;he advantage of gaining some 
insight into the conduct of a practice^ which 
is valuable to him later on ; he may gain useful 
experience if he is invited sometimes to assist, 
ill the surgery ; he is more immediately under the 
supervision of the dentist to whom he is appren- 
ticed, and it often happens that a dentist is willing 
to take his apprentice, after he is fully qualified, 
as his assistant, and subsequently his partner. 
In many cases questions of economy and con- 
venience will, of course, have to determine the 
choice between these two alternatives. 

As soon as the pupil has enter^Lupon bin 
apprenticeship he should be carefvKo register 
himself with the General Medical Council as a 
Dental Student. 
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During the period of his apprenticeship, in 
addition to the work which he has to do in the 
work-room, it will be well for the pupil to bc*gin 
to prepare himself for his next examination. 
This is the preliminary examination conducUd 
by the various examining corporations wIk so 
licence in dental surgery is recognised by tlic 
General Medical Council, for the purpose of 
registration os a dental practitioner. The 
following is a list of the licensing corporations 
recognised by the Council : 

The Royal CoJk‘ge of Surgeons of England. 

The* Royal College of Surgeons in Ireland. 

Tlie Faculty of Physicians and Surgeons (»f 
Glasgow. 

The Royal (Allege of Surgeons, Edinburgh. 

Victoria University, Manriiester. 

The Universit'es of Dublin, Liverpool, Lebeds 
and Sheffield. 

7’he requirements of the various examining 
bodies vary both os to the subjects of examina- 
tion and as to the standard of knoM ledge de- 
manded. All include the subjects of chemistry 
and physics ; the Corporations of Glasgow, 
Edinburgh, and Ireland, also require anatomy 
and physiology, while tlie Irish College takes 
the subject of general surgery in addition. 
At Glasgow and Manchester women are admitted 
as candidates for the licence. 

Preliminary Science Examination. 

At the offices of the various corporations full 
information can be obtained eoneeming the sub- 
jects in which the student is examiiKKl, and 
synopses are supplied which indicate sufficiently 
(dearly the range of knowledge over which the 
examination will extend [see also Schedule]. 
For the purposes of this article it will be sufficient 
to discuss from this point onwards the require- 
ments of the Royal C5olleg(i of Surgeons of Eng- 
land, which will serve as an example. 

The first examination of the Royal College of 
Surgeons of England is called the Preliminary 
Science Examination. The subjects of examina- 
tion arc these ; {a) Chemistry, {h) physi('s, and 
(c) practical chemistry. subject of chemistry 
is held to embrace a knowledge of the general 
elementary principles of chemistry, and the 
general chanvoter of the chief types of inorganic 
matter — hydrogen, oxygen, nitrogen, carbon, 
halogens, BuljAur, phosphorus, and the com- 
moner metals and their compounds ; general 
character of the chief types of organic com- 
jamnds — methane, ethane, ethylene, acetylene, 
chloroform, alcohol, phenol. Physics includes 
the elements of general physics, heat, light, sound, 
and electricity. Practical chemistry includes 
simple qualitative analysis, volumetric analysis, 
and preparation of salts. Full synopses can be 
obtained from the secretary of the Rwal College 
of Surgeons, Victoria Embankment, E.C. 

Instruction in these subjects has to be obtained 
from educational bodies which are rec'-ognised 
by the College as giving instruction of the 
standard required. A great number of teaching 
institutions existing in this country are recog- 
nised by the College, and, without giving a 
complete list, the following may be mentioned as 
typical examples ; Municipal Technical Schools 
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of Manohcstur, Leiooster, Halifax, Hull, Derby; 
Polytechnic Institutes of Regent Street W., 
( Chelsea, and BatUirsea ; and many public schools. 

Course of Study. During his apprentice- 
ship the student will, therefore, well advised to 
1ak(5 a course of instruction in the subjects of 
the Preliminary Science Examination, if th(*re 
exists in his locality a tea(;hing institution 
recognised by the Royal College of Suigeons. 
If possible, it will, of course, l)e better to attend 
thf5 scientific lectures and classes during the 
evenings, as in this case the theoretical studies 
will intiirfere as little as possible with tlie work 
which th(‘ pupil is doing in tJie work-tY)om. 
This is a matter of some imptirtance, and, if 
it can be arranged that the pu]>il shall leave 
his dental work at five o’clock — iis is generally 
the casi»— he has a long evening before him for 
his classes and recreation. When he is, in the 
opinion of his toachers, sufficiently prepared, 
he will present himself for (examination, having 
obtained from the school a certiheate of having 
attended the lectures and classes to th<'> satis- 
faction of his tesachers. This ct^rtificaU* has to 
b<‘ forwarded, with other requisite forms, 
when applicati(jn to examined is made. 

If, after this examination has been successfully 
passed, sufficient time has still to elapse before 
the period of apprenticeship comes to an end, 
tb(^ pupil will do well to take up the elementary 
study of those subjects which arc subsequently 
to occupy his mind so largely. 

As an elementary lx>ok, the late Professor 
Huxley’s “ Elementary Lt^ssons in Physiology,” 
or the smaller, but more up-to-date/' Physiology 
for B('ginners,” by Professors Sir Michael 
Foster and L. E, Shore, may be r(^commend( 3 d ; 
while any time spimt in familiarising himself 
with that part of the study of anat/omy whi(di 
is concerned with th<5 bones of the skeleton, 
will well repay the student when lie comes to 
Uickle this subject in earnest at the hospital. In 
some cases it will be well to start forthwith pre- 
paring for th<^ next examination, and witli this 
end in view the student should obtain one of 
the numerous books on the theory of dental 
mechanic's — such as Richardson’s— and at the 
sa.me time begin the study of ‘‘ Dental 
Metalluigy” (E. A. Smith). 

As the three years of apprenticeship draw 
near their close, steps shoulcl bo taken to enter 
the pupil as a student at both a general hospital 
and one of those specially devobxl to dental 
surgery, in order that he may start the pre- 
scribed hospital course. 

The Student's Hospital Course. Here, 
}igain, choice has to be exercised between several 
institutions. We give a list of the princit^al 
(ducational bodies which are recognised : 

Loudon. Royal Dental Hospital and School 
of Dental Surgery, Leicester Square ; National 
Dental Hospital and Oollege, Great Portland 
Street ; Guy’s Hospital Dental School. 

Manchester. Victoria Dental Hospital and 
Victoria University. 

Liverpool. Liverpool Dental Hospital and 
University College. 

Birmingham. Dental Hospital and Scliool. 


Brisi’Ol. University College. 

Ei)1nbur(;ji. Incorporated Dental Hospital 
and School. 

(»LAS(30W. Dental Hospital and School. 

Dublin. In(5orporated Dental Hospital and 
Dublin University, 

Sheffiei.!). University and Dental Hospital. 

Leeds. University and Dental Hrispital. 

N i: wcASTLE. Un iversity and Dental Ho.spi tal . 

The factors which must determine the .student's 
(home of ho.spital are naturally several, and will 
vary in different cases. Men thoroughly cap- 
able of performing the work which their pro- 
feasion entails have rervivt^i their education at 
each and all of the luispitals mentioned. 

Choice of a Hospital. The larger 
hospitals, of course, afford the opportunity 
of somewhat wid(‘r and more varied experienct*, 
arc, generally speaking, more effi('i(mtly equipped, 
and served by lecturers and instiiuitors of 
higher powers and distinction. But this is 
compensated for, to some extent, by the more 
l^ersonal relations which subsist between the 
students and staff of a smaller hospital. It 
is 8|w^cially worthy of consideration that there 
is a tnxdition attaching to certain centres of 
education and certain hospitals ; and the fact 
that a dentist has b(nm ^ueated at a dental 
hospital which has a high reputation in the? 
profession, and bears a name with which the 
general public is familiar, will naturally give 
him a better standing than he would have if the 
case were otherwise. This point tells especially 
in favour of the group of London hi^spitals. 

The student has not only to attend classes 
and perform operations at a special hospital 
devoted to dentistry, but also to take a 
prescribed course of instruction at a general 
hospital ; and it is best b) enter as a student 
at both hospitals simultaneously. 

The Student in the Hospital. Guy's 
Hospital, for instance, embracing as it 
does both a general and dental department, 
offers special facilities ; while students at the 
Royal Dental Hospital of London and the 
National Dental Hospital respectively, will find 
Charing Cross and Middlesex Hospitals most 
convenient for their purj)OSe. The Royal College 
of Surgeons directs that at least two years 
should Ik^ spent in attendance at a recogniscxl 
dental hospital, and the same period at one of 
the general ho8]htals ; but it is permissible and 
quite usual to take the two courses concurrently, 
the whole of the hospital course lx‘ing thus com- 
pleted in two years. 

The subjects in which instruction is to be 
received are determined and clearly stated by 
the College, and the student when he jirc sents 
himself for examination has to produce ccrtJticates 
to show that he has attencled the necessary 
eJasses to the satisfaction of his tea(’her8. 

The two years spent in this work should bo 
very busy ones, for the time prescribed is 
certainly not t(^o long for the work which has 
to be performed. The student should realise 
to the full that his future career depends largely 
u jion the use which he makes of the opportunities 
which the hospital courses affords, bearing in 
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mind not only tho examinations which loom 
large in the immediate future, but still more 
the surer tost of private 'practice during tlie 
years to come. 

louring the first few' months of liis hospital 
career, in addition to the lectures which he has 
to attend, the student is instructed how to 
]x*rform the various operations involved in the 
practice of dental surgery. At first he learns 
to operate upon models, blocks of ivory, or 
teeth which have been extracted; and w^hen. 
in the opinion of his teachers, he has acquired 
sufficient skill, he is drafted into the operating- 
room, and has to attend to actual pati('nts under 
the direct supervision and with the help of 
s|xjcially appointed instructors and demonstra- 
tors, who arc selected from the ranks of qualified 
dentists. 

The Two Professional Examinations* 

The first examination whicli has to be faeed 
after the hospital course has been begun is 
called the First Professional Examinati(ui. 
This should be taken after the student has been 
attending the hospital for six months, and the 
subjects in w'hich his knowledge is tested are 
dental mechanics and metallurgy. The ex- 
amination is conducted partly by means of 
written papers, partly by means of practical 
work, the studciut l)eing required to carry out 
some piece of mechanical work which he has 
learned to do during his apprenticeship. After 
eighteen months’ furtluT study and practice at 
the hospital, he should ])rosent himself for the 
final tost. 

The second professional examination is 
divided into tw'o parts. Part 1. embraces the 
subjects of general anatomy and physiology, 
general pathology and surgery ; Part If. 
deals w^ith dental anatomy and physiology, 
dental pathology and surge^ry, and practical 
dental surgery. The student has attended 
some of the classes at a general hospital 
which are primarily intended for students w'ho 
Avish to take a medical (jualification, and his 
examination deals in part with the subjects of 
medical and surgical education. The examina- 
tion consists of questions to be answered on 
])apcr, questions asked viva voce by the ex- 
aminers, and actual ojKjrations in denial 
surgery required to be performed. 

Qualifying for L.D.S. Tho College of 
Surgeons has recently given permission to 
the effect that the student may elect to be 
examined separately in the two subjects on 
condition that Part I. be taken first, and 
this course presents certain obvious advan- 
tages. Part II. may not bo taken until six 
months have elapsed since the student passed 
tlie First Professional Examination, but may 
bo taken at any time after this. 

The examinations having been successfully 
passed, the student is entitled to receive 
the diploma or licence of the College of 
Surgeons, and should proceed the offices 
of the Ceneral Medical Council |pbrder to bo 
enrolled on the register as a dental practitioner. 
His title is now Licentiate of Dental Surgery, 
for which the initials LlD.S. are an abbreviation. 
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With this qualification the dentist is entitled 
to enter upon private practice, and his hospital 
education may be considered to be at an end. 

He may, however, if he choose, render himself 
more efficient in one or both of two ways. 
Attached to the dental ho^'.pitals are a numlxT 
of young qualified practit oners who a'^-t as 
house surgeons., A number of such posts are 
held at a large hospital, candidates Iwing selected 
by the governing body of the hospital, and tho 
.student will be well advised to umiertake these 
duties. 

The Higher Degrees, The other method 
by which the dentist can increase his efficiency 
is by ])ursuing his studies still further, and 
acquiring additional qualifications or degrees. 
Probably tho w isest course is to take one of tho 
medical or surgical qualifications, and of these 
the most serviceable is jx^haps the diploma 
granted by the combined board of the Royal 
College of Physicians of Ijondon and the Royal 
College of Surgeons of England (L.R.C.P., 
M.R.C.S.). The advantages of this additional 
study and diploma are considerable. It 
has been sliown that the curricula of educa- 
tion of the medical and dental student at a 
general hospital are identical up to a certain 
point, so that within theses limits the full medi<5al 
(‘ducation only amounts to a more intimate 
knowledge of the different subjects, which adds 
greatly to their interest ; while the wider range 
and more scientific character of the medical 
education tells beneficially upon the quality of 
the knowledge which th(5 dentist has to acquire 
and use in liis daily prac^tice. The additional 
qualification gives the dentist a better standing 
in his profession, and tells in his favour if he 
w ishes ,to obtain appointments on the staff of 
a hospital ; and it also allows him a definite 
choice bctw'een tw'o professions. It is, at any 
rate, a wise course to enter for the medical 
examinations Avhich arc held in those subjects 
which arc learnt by both the medical and 
dental student ; and the further course, which 
involves two and a half or three years’ additiona l 
study, may then lx? taken. 

An alternative plan to this is to visit the United 
States of America after taking tho English dental 
diploma, there study at one or other of the dental 
hospitals, where valuable exporien(!C c»iii bo gained, 
and acquire tho degree of Doctor of Dental Surgery. 
1’ho dental degrees granted by the Universities of 
Rirmingham, Manchester, Dublin and otliers are 
also recognised as attesting a riper knowledge and 
enhanced skill, while the Bi>ccial study directed 
towards the acciuisitioii of a university degree in 
arts or science should mean increased efficiency. 

The Dentist's Balancs-shoet. It is 
of impcArtance, from the parents’ point of view, 
that some indication should be given of the 
expenses involved in the training of a student 
for the practice of dentistry, the cost of the 
materials and furnishing necessary in setting up 
in practice, and the amount of remuneration 
which he may be likely to earn. Such estimates 
(;an of necessity be only approximate at the best. 
Accommodation is naturally more expensive 
in one town than another, and IIkj expense of 
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London lodgings must be taken into considera- 
tion. The cost of board and lodging is, for 
instance, so uncertain an amount, that in the table 
which follows it has been thought better to give 
no estimate at all. 

It should be remembered also, that success at 
the first attempt in the several (examinations is 
by no means universal, and failure generally 
involves the payment ot additional fees to the 
hospitals and examining bcKlies, and an additional 
course of study for three or six months. It is, in 
some cases— although not generally — wise to 
underg(i a course of special instruction from a 
tutor who coaches or prepar(‘s students for the 
examinatioiLs, and this may involve an additional 
fee of ten guineas, which has to be added. 

Initial Expenses. We will consider lirsl 
the cost of the licencjc in dental surgery of the 
Royal College of Surgeons. Ilic fees for registra- 
tion as a student and, after the examinations 
have been passed, os a dental practitioner, 
amount to £5. The cost of apprenticeship varies 
according to the locality and the professional 
status of the dental practitioner to whom the 
pupil is api)rentic!cd, but. the average charge 
may bo taken as 100 guineas. For the special 
course of study and practice at a dental hospital 
(‘xk^nding over two years, 50 guineas is, approxi- 
mately, tlie fee generally charged in the metro- 
poUs, while at the provincial hospitals £25 is the 
more usual fee. 'Phe fee chargi*d for instruction 
in tlie subje(!ls required, and the prescribed 
atkndance at a general hospital, varies from 
50 to 60 guinetis. 

The student on joining the hospital is required 
to provide himself with a set of tools and instru- 
ments, the cost of w'hieh, together with the cost 
of replacing those wliich are lost or w'orri out, 
and keeping them in good rt‘pair, cannot be 
estimated at/ less than £.‘i0. 


and Surgeons — as is strongly recommended — w^ 
have to take also into account, in addition k) the 
cost of living for an acldilitmal three years, the 
following it/cms ; 

£ s. <1 

Reglstratfou r> 0 u 

HoApitul educuLioii (>:i o 0 

ExainitialionK Ms ]7 (* 

IiistrniiHMits and .. .. lo o n 

£110 17 ') 

Some indication having been given of the out- 
lay necessary to eejuip a dentist for the proper 
performance of his work, it remains k» refer to 
the other side of tlu? balance-sheet, and to point 
out in what way the* expenses can be set off by 
remuneration. In the lirst place, therefun;, it 
can be stated that although the training and 
equipment of a dentist is both long and expeusi V(‘, 
and the examinations entail much study and 
application, the profession is not over-crowded, 
and a capable dentist is still in request in most 
tow'iis. 

Profits. The profits of a busy dental practi(!e, 
of course, may vary greatly in accordance with 
the capacity of the dentist and the wealth of his 
patients, seeing that the fees which he is able to 
obtain will be veiy different in a fashionable 
quarkT of London or a provincial town with 
wealthy residents settled round it, as compared 
with a working-class suburb or a small manu- 
facturing town. But it may fairly bo said tliat a 
dentist in full i>ractie(‘ who did not makt* more 
than £500 clear profit a y(‘ar would not be con- 
sidered as veiy successful financially ; wdiile a 
young qualified man, ai'ting as assistant to 
another dentist, would expect k) be paid at 
the rate of four guineas a we(‘k in a g<^od 
]>rovincial practice, and five guineas a week in 
Ijondon. 


Setting up in Practice. The cost of 
establishment- in practice cannot be estimated 
with any approach to accuracy. It may be 
taken that- the furnishing of a room as a 
dental surgery, and its equipiiieiit with proper 
appliances, w ill cost £100 ; while £25 would have 
k) be spent iijon the work-room, and another 
room would require furnishing to servo ns a 
waiting-iiMjiii for patients. If, on the other hand, 
the young praetitionci’ elects to work into the 
(established practice of another dentist, begiiming 
as liis assistant, he will probably require a con- 
siderable sum of money if he is to purch««se a 
share in the business. 

Apart, tluerefore, from t-h(j ccjst of living, th(‘ 
necessary expenditure may be indicated in the 
following table : 

For L.D.S. Dji*loma 


£ H. (i. 

He«:i8l}‘ation .'■>0 1) 

Apprenticeship lO.'i U 0 

Hospital education . . . . . . 120 0 0 

Rxani illations I'l 0 0 

lustnuiieuts . . , . , . . . MO 0 0 

Jiisiks .. .. .. .. .. 500 


£280 0 0 

If it is decided to take in addition the diploma 
of the Conjoint Board of the College of Phy^ieians 


As a set-off against expenses of education, there 
are opjwrtunities for the brilliant student to earn 
valuable scholarships and prizes, which at several 
hospitals amount in all to more than the actual 
(!ost of education. Hospital appointments, again, 
such as the post of house surgeon or demonstrator, 
generally carry Avith them an honorarium, 
amounting k) about £40 a year in the first case, 
and £80 in the second. 

What the Dental Mechanic Earns. 

Concerning the dental mechanic, a word should 
be added to the effect that whereas his education 
actually costs him no more than the cost of 
living, his wagt^s during his apprenticeship are 
very small, starting piobahly with 58. a week, 
and slowly rising. When he has comi)lcted this 
period of five or seven years, as the case may be, 
he may obtain his first situation as nu^chanic, or 
•‘improver,” as ho is ealkHi, Avhen his Avages 
would start at .SOs. a Aveek, and gradually rise ; 
so that 

years’ experience Avould expect to earn £3 in 
the provinces and £4 in London. Some obtain 
Avages more than this, while others, by fitting a 
workshop for themselves, and carrying out work 
for dentists, earn considerably moi-e in one of 
the busy centres of population. 


Continued 
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CAP FOUNDATIONS 


oruBhing the liem. A line wire is sometimes 
inserted in the hem. 

Another method, which is much neater and 
need have no stitches showing on either side, 
is a French hem at either edge [179]. The method 
is this. Leave 1 in. plain ; make a tuck J in. 

Avide when tinislied ; turn in the raw edge, and 
slip-stitch it exactly on the line of running. 

For shajx'S plainly covered with silk it is lx‘St 
to have an interlining of some soft material, 
as all marks, wues, etc., show through. 

Caps. The foundation of all caps is of 
double stiff net [177], and should be wired along 
the top edge with finest wire or two strands cut 
from ribbon wire. Bind it with 
sarcenet ribbon about j in. wide. 

Bind the outer edge with ribbon 
or velvet on the cross to inat(^h the 
trimmings, or the velvet may be 
eased on as for a rucked 
<‘dge. One or two straps 
may have to l)e sewn to 
each side to ke<^p the cap 
in shape, and for help in 
sewing on the trimming. A 
cap is entirely a matter of 
individual taste. It can be 
made of J yd. of lace, or as 
much as 5 yd. can be used. 

An average quantity is 2 yd. 

and IJ yd. of ribbon in. ~~ . ^ 

wide or about 0 yd. of baby 

ribbon. v 

In trimming r(*meml>er that ^'RKNC^h-hemmino silk 

Ihe outline of the cap must be hidden ; therefore 
lot the lace droop over the edge, and see that 
the trimming is not too long at the back. 

The trimmings are tie-stitched wherever 
])Ossible. Larger cap shapes are cut out with 
J in. turnings. Fold the turning over the wire 
(two strands of ribbon wire may be used), and 
wire-stit(^h it all round to sjiape.' Make the join 
of the wire (!ome in the centre of the inner edge 
of Uie cap, and let tJie wire overlap for 2 in. 

Cap for Elderly Lady. 'Hie founda- 
tion of caps for elderly ladies is made in stiff 
net, covered with lisse, and wired Avith fine soft 
Avire, slightly drawn in centre of front, and bound 
Avifh ribbon to match the cap trimming 1176]. 

Make a box pleating of stiff net across front to 
stand up and support the trimming ; cover it 
with lisso to soften and disguise it. 

Make a bag of black net at the back, confined 
by an elastic, which is fixed to foundation at oars. 

Depth of crown, 13 in. to 15 in. ; width at back, 

15 in., di*awn up to about 7 in. by the elastic [176 1. 

Wave the lace round edge 1 \ in. below shape to 
lest on the hair ; make ribbon loops betAveen 
<jach fold of the lace at the sides. Raise the 
trimming in the centre -front, and finish w'ith a 
rosette of the ribbon or any other trimming. 

Make lace lappets [166-168] 18 in. long wdien 
finished ; sew them on from each ear of founda- 
tion with ribbon. 

For the back, join the lace as for lappets. Let 
the ends fall over the top piece of croAvn in waves, 
and let it meet the trimming of the front. Use 
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ribbon bows to neaten thti lappets and fix it on to 
the net crown. 

Muffs, The foundation of fancy muffs must 
be large or small according to the prevailirig 
style. Cut two or three layers of wadding, 
a little wider than the muff is to be, and allow 
4 in. or 5 in. to overlap ; lU in. by 15J in , 
not allowing tuniings, is an average size \ 178]. 

Inflate the wadding laffore the tire or over a ■ 
gas-stove till if, separates and looks light , and 
join it in a round. Use for lining, silk, satin or 
mei-veilleuse ; cut ibis tlie same outside leiigih 
as the muff and half as wide again for width, 
.loin in a round. 

Run two casings [178] at each 
side, just beyond the wadding. If 
a frill besides the easing for elastics 
is required, more turning must be 
allowed. 

Insert the elastic, running it in 
the casing, through the join, 
and secure it in a round 
large enough to pass the 
hand through. Draw" the 
lining in the muff, with 
the centre of muff to centre 
of lining. The ends of the 
lining beyond the casings for 
elastics are turned back 
over the wadding ; push it well 
to shape at the sides, and tack 
the silk lightly to the wadding. 

If needed, cut deep frills of 
about 7 in. by 40 in., on 
the cross, lined with l(*n() and silk. Of 42-in. 
cloth, ^ yard will be required ; of 20 in. velvet 
about 1 yard, on the cross, Avill make a fair- 
sized mu if. 

Fur Toques. A wire shape covered Avitli 
leno or fine book muslin makes a gO(xl foundation 
for a fur toque. Mull the edge of the to([ue 
and cover the under- brim with A^elvet or cloth. 

In sewing fur, use a short needle and strong 
cotton ; sew' it through the skin from the back, 
holding the fur Avell down. With each stitch 
only draw thnmgh to the right side sufficient 
cotton to be able to turn the needle btu'k again. 
When the cotton is being draAvn it will be close 
doAvn on the skin of the fur. This prevents draw- 
ing some of the fur tbi*ough, and probably 
causing the cotton to break. 

Fur is not generally used for the under- brim, 
as it would mak(? the toque too heavy to be worn 
comfortably. 

Often pieces of fur have to be joined or worn 
pieces cut away and better ones paU^hed in. Th<' 
best part« of a fur necklet or muff make a good 
border to a toque of the turban variety. Wlitm 
lined with a layer of wadding, and faced with satin, 
the fur w ould make a band of trimming for a hat. 

Beaver, (jhinchilla, sable, ermine, and grebe 
are favourite furs used for millinery punmses. 
White and pink camellias or carnations shaded 
velvet chrysanthemums, and NeajKjlitan violets, 
look particularly well on fur, w'hilo a rich purple 
velvet, turquoise blue velvet, or a little real lace 
are favourite trimmings. 


Contimt^ 
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By MARK SOLON 


'T'HE branch of the li julo dealing? witli to-iscllatod 
* pavements and mosaics varies; more par- 
ticularly in the manipulation of the body than 
those already considered. 1"he bulk of the tiles for 
tessellated pavements, instead of Ix^ing made 
from plastic clay, are pressed from a semi- 
phistie dust. The body, having been prepared 
in the usual way, is taken from 
lh(' filter presses and thoroughly 
<lried. It is then damped slightly, 
broken in t o small pieces, and passf‘d 
through a disintegrator [37] This is 
a small machine consisting of a solid 
metal drum to which are attached 
four or six metal arms. The drum 
is made to revolve at the rate of 
about 3,000 revolutions a minute, 
causing the arms to strike the clay 
which is fed into the machine 
against a series of small grids. 

These grids are supported inside a 
circular metal casing, which collects 
the dust and allows it to fall 
through an opening at the l>ottom 
of the machine. It is aftei’wards 
sifted, and kept for a dav or so in 
order to allow ns much air as possible to 
escafK^ from it. 

Colours Produced from Natural Marla. 

Various colours arc produced from natural marls, 
either alone* or stained with metallic oxides -th<‘ 
red from red marl alone, the buff from buff marl, 
black from inferior red marl stained with 
mnngan(‘sc and ironstone, chocolate from 
red marl stained with manganese, drab from 
buff marl with a small (luantity of manganese, 
salmon from buff and red marl. The white 
tiles arc made from a mixtuiH* 
of ball clay, china clay, flint 
and stone, with sufficient of 
the latter to cause them to 
vitrifiy slightly during firing. 
The brighter colours, such as 
blues, greens, sage, etc., are 
obtained by staining the white 
body with mixtures of cobalt 
and chrome. The shape of 
the tile is given by a steel die 
or box, the top and bottom of 
which are movable in order to 
press and eject the tile. The 
die is fitted under a screw 
press of spt'cial design [35], the 
top cover of the die being 
attached to A, the 

bottom die t<Fnie lever B. 
Tht? lx)x is filled with clay- 
dust, and pressed by revolving 
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the wheel, thus lowering Uio top die. After 
being projxwly pressed, the bottom die is raised 
Avith the lever B and the tdo delivered. 

Each tile must bo submitted to at least two 
or three distinct pressings in order to lil)crat(^ 
the air from the dust. The efl'ect of pressing the 
tile in an enclosed box is to compress the dust and 
the air simultaiieously. As the 
pressure comes entirely from aboA^c, 
the top layer of dust in the Ijox is 
the first to be coniprc^ssed, and so 
prevents the air from escaping 
through it. It is, consefjucntly. 
confined in the body of the tile, 
Avhich it splits up into tliiii layers. 
By releasing the pressure between 
each successi ve application, the com- 
pressed air is allowed to e 8 ca {)0 and 
a soUd tile eventually formed. 

Encaustic Tiles. The orna- 
mental tiles introduced into paAv- 
monts ai'o knoAvn as e7icafntic ov 
inJaid tiles, the figure oi* ornament 
b(‘ing inlaid in various coloured 
clays to the depth of about in. 
in the face of a tile. They are 
prcnlttced either by tlu* plastic or by dnst 

E roeess, of Avhich the former is the more costly 
ut greatly superior method. 

The plastic process consists of pressing from 
a plaster mould clay tiles in which the ornament 
is sunk in the face. The tilcmakcr proceeds 
to fill in the depressions wliicli form the 
ornament with various coloijrt*d slips, pouring 
them on tJ)c face of the tile from suitable small 
cans. The tile is allowed to dry until the sli))K 
have become fairly hard. Avhen the excess is 
carefully scraped from the face of the tile and 
the pattern discoA^ered. There are many different 
methods of producing en- 
caustic tiles on the dust 
process, the simplest of 
AAiiiehis the foil OAving: The 
ornament is described in 
thin bonds of brass, which 
are soldered together. This, 
w^hen placed upon a metal 
plate, forms a series of small 
compartments bound by 
the brass ribbon. Each 
compartment represents a 
separate colour in the 
design. The workman fills 
in each coloAir until the 
metal plate is entirtfiy 
covered. The bonds form- 
ing the oniament are then 
gently removed from the 87. disintegrator 
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plate, which is put at the bottom of an ordinary 
die. The die is filled with the dust which is to 
form the back of the tile. Pressure is applied 
in the usual way, and when the tile is taken from 
the press the pattern apj^rsupon the face. The 
tiles are then gently dried for a few days and 
fired in the biscuit oven in the usual way. 

Mosaic Patterns. When more intricate 
patterns arc required, pavements are made of a 
number of small tiles or cubes which are cut and 
fitted together and known as mosaic. The small 
strips or cubes are prepared from dust in the 
manner just described, of different coloured 
bodies, and fired in a biscuit oven. They are 
arranged in various 
patterns in the follow- 
ing manner ; The orna- 
ihent required is drawn 
on strong pajxjr, the 
reverse way to which 
it will appear when 
finished, each colour 
Ix'ing outlined sepa- 
rately. The cubes of 
different colour are then 
stuck with glue, face 
downwards, on the 
paper, being cut with a 
chisel where necessary to 
follow the shape of the 
ornament. The ground 
of the floor is formed either by arranging the 
cul)es in a fan formation, or by jffacing together 
pieces of irregular shape. Having covered the 
>)aper on which the ornament has been drawn, 
and laid in the background with one of these 
two formations, the sheets so prepared are sent 
to the building 'where they are intended to bo 
laid. This space to be covered with mosaic is 
first floated with liquid cement, upon which are 
laid the sheets of paper — the paper upwards. 
The water from the cement rises through the 
spaces 1 ) 0 tween the cubes, dissolves the glue, 
and loosens the paper. This is gently removed, 
leaving the cubes j^roperly arranged in the 
cement. The surface of the floor is then well 
licaten with flat pieces of wood, so that the 
tubes are driven into the cement, which fills 
up all the joints. The floor is then allowed 
to remain untouched until the cement is set. 

Salt Glaxe. Glazing by the introduction 
of salt into the furnace is a method used princi- 
pally in the manufacture of cheaper forms of 
pottery, such as drainpipes, ginger- beer and 
ink bottles, glaze bricks, etc. The body of drain- 
pipes is of natural marl either alone or mixed 
with a suitable amount of grog or previously 
fired material. The mixture is so adjusted that 
the pipe when fired is suflfciently dense to with- 
stand the pressure to which it is submitted when 
buried in the earth. 

0)1 ooming from the pit, the marl is passed 
through a roller mill, heavy iron rollers cnishinc 
it through perforated grids. It is then conveyed 
to the riadlesj where the lai^er pieces ait) 
abstracted and returned to the mUl. The proper 
proportion of grog is mechanically produced in 
a mixer, whence the material goes to the pug 
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mill. From this machine it is deliv^erod in 
plastic slabs, which are conveyed to the pipe- 
making press [36]. Tliis machine consists of a 
vertical cylinder, through the centre of whicli 
revolves a spiral blade, llieclayon being fed into 
the machine is forced by the blade through an 
opening or die at the base of the cylinder. The 
die forms a circular slot of diameter and width 
to correspond with the section of the pijie 
required. Below the slot is a metal mould of 
the socket head of the pipe, the part giving the 
inner shape to the socket being carried on a 
movable table which descends as the pii^e is 
expelled from the machine. After the nec€*Hsairj^ 
length of straight piping 
has been pressed, it is 
cut off and placed upon 
a felling machine^ when 
the rough edges are 
trimmed and the suiface 
of the pii)o smoothed 
over. It is afterwards 
finally finished upon a 
lathe, the ends of the. 
pipe inside and out 
being scratched and 
serrated, to give a 
better grip to the joint. 
Tlie pipes are then 
placed in the drying 
chamber, and after- 
wards taken to the oven for firing and glazing. 

Firing and Glaring Pipes* Tl\e pipi^ 
are fired and glazed in circular or square down- 
dmught ovens [39]. They are plac<^ one upon 
another, the small ones inside the larger, care 
being taken, however, that the whole surface of 
each pipe is exposed, and can easily be attacked 
by the gases which are produced at the end of 
the firing by the introduction of the salt. The 
action of the salt upon the pipe is principally 
the formation of silicate of soda, which, being a 
glass, vitrifies the surface of the pipe. It is 
introduced into the kiln when the highest heat 
necessary for the firing of the clay lias iK^en 
attained. The salt is volatilised by the heat, 
and decomposes on coming into contact with the 
silica present in the body of the pipe. The rich- 
ness of the glaze depends to a greatvcxtent upon 
the amoimtof silica in the clay. Bodies con- 
taining a great quantity of alumina do not 
glaze well. 

The salt is dropped into the kiln through hoies 
in the dome [89A], which are so arranged tliat 
it does not fall directly on the ware. A largo 
amount of heat is absorbed in the volatilisation 
and decomposition of the salt, which causes a 
considerable drop in the temperature of the oven. 
For this reason the full quantity is not intro- 
duced at once, but in two or three operations, at 
intervals of 20 or 30 minutes. To prevent the 
vapours from escaping too rapidly from the kiln, 
the damper,"B, is lowered during the intro- 
duction of the salt, partially closing the flue and 
reducing th^ draught. 

Architaciural Faience end Terra* 
cotta. Architectural pottery and glazed terra- 
cotta have become more extensively used 

5777 



38. MOULD-MAKER COMPT^TING TOP OP MOULD 
Tlie ilnrk object U the iiioilel, partly buried in the slips 



KARTHCNWAIIK 


for the internal and external decoration ol 
buildings during the last few years. 

The unglazed term-cotta is generally of a red, 
buff, or grey tint, and is made from the natural 
marls, which contain various quantities of iron 
oxide, the staining proi>crty of the iron being 
more or less develo|>ed by the atmosphere pro- 
duced during firing. Glazed terra-cotta is, as a 
rule, made from bui^ marl, mixed with a certain 
amoxmt of ground- fired material or grog, which 
is introducctl to piwcnt excessive contraction 
during firing and drying. The marl is first of 
ail reduced to a 
slip and preparetl 
a^ clay, and after- 
wards pugged, or 
mixed with the 
fired material, or, 
in the case of 
certain extremely 
))uro marls, merely 
ground together 
with the grog gg dowx-draitoht oven 
and a requisite ol.izing pipes 

amount of water. 

Manufacture of Terra-cotta. The 

manufacture of architectural terra-cotta begins 
with the preparation of complete plans and 
elevations, in whicli the entire scheme of decora- 
tion is set out on paper. Every block of terra- 
cotta which enters into the arraaigement is 
(‘learly defined and numbered, and a full-sized 
working drawing made of every different piece. 
From these dra\^*ings models are produced in 
clay and plaster in the following manner. 

Should the piece be perfectly plain — namely, 
of flat surface and symmetrical shape— the model 
is built up with p1asU*r in semi-liquid state, and 
shaped by means of zinc profiles. Ornamental 
blocks are, of course, cither modelled entirely in 
clay, or the ornament is applied to a plaster form 
made in the manner just described. After the 
models are prepared, plaster moulds are cast 
from them in various sections. These sections, 
or alijis, are bound together by an outer frame of 
plaster [38]. The slips are so arranged that after 
the piece has been pressed and the outer frame 
removed they can easily be taken from the clay 
without disturbing it. The moulds are lined 
with clay, about 1 in. in thickness, and bridges or 
supports are built up inside the larger hollow 
pieces to prevent their collapsing or going out of 
shape during drying and nring. The surface 
of the piece on coming from the mould is 
polished with small steel knives. In some cases, 
where only one block of terra-cotta of certain 
shape and size is required in the scheme, and this 

\ modelled by hand in the clay, and this actual 
model fired. If the piece is la^er than can be 


another. The kilns are speeially constructed, 
and have an inner chamber, which entirely mo- 
iects the clay from the flame. The form of muffled 
oven generally adopted [40] is down-draught in 
principle. The flame rising from the mouths 
round the outside circumference of the chamber 
is collected in the central chimney, the base of 
which leads into a duct or flue connected with the 
chimney. Unglazed terra-cotta is generally fired 
in open kilns, the clay not being protected from 
the flame. In this way the atmospheres pro- 
duced during firing act directly on the clay. The 

pieces are placed 
upon fireclay 
shelves, the dis- 
tance between 
each being regu- 
lated by stout 
drops to suit the 
various pieces. 
After biscuit 
tiling, the pieces 
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GLAZED TERRA-COTTA pencilled With 
coloured glazes 
and refired in ordinary kilns. Should the 
pieces during the fli ng or glazing become 
twisted, and so be difficult to build upon one 
another, or not lit accurately together, they 
are ground and made true before being fixed. 
For this purpose the piece is placed upon a 
revolving iron disc, ujwn which is continually 
poured a stream of wet sand. 

We are indebted to Messrs. W. Boulton, of 
Burslem, for many of the representations of 
machinery, and to Messrs. Doulton & Co., Ltd., 
for many of the photographs of otx^rations 
illustiaiing these articles. 

We ap]iend a list of technical works on pottery 
manufacture and decoration. 

“ A Treatise on the Ceramic Indus tries.” By 
Emile Boiirry. (Scott, Creenwood. 21 h. ) 

*• English Pottery and Porcelain.” By the Rev. 
E. A. Downman. (Upcott Gill. 3 p. 6d.) 

“Notes on the Manufacture of Earthenware.” By 
E. A, Bandeinan. (Virtue. 7s. 6d.) 

“ Architectural Pottery. ” By L. Lefevre. (Scott, 
GreenwH>o<l. 158,) 

“ Manufacture of Glazed Bricks.” By H. Ansell. 
(•: Briti<«h Clayw’orker.” 7s. 0d.) 

“ How to Analyse Clay.” By Holden M. Ashby. 
(Scott, Greenwood. 28. 6d.) 

“ Ceramic Technology,” By C. F. Binns. (Scott, 
Greenwood. 12 h, 6d.) 

“ Text-Books on Ceramic Calculations,” By W. 
Jae.kson. (Longman. 3s. 6d. ) 

" Painting on Glass. Porcelain and Enamel Paint- 
ing.” By Felix Herrmann. (Bcott, Greenwood. 
10s. 6d.) 

“Colouring and Decoration of Ceramio Ware.” 

’U.. A lav Xtwir\Vka..*«M'W4' ifilaa4-4' \ 

“China Painting.” By F. X.<ewis. (Cassell. 58.) 

“ Manual for China Painters.” By Afes, di R. 
Moiiaohesi. (Gay A Bird, 5s.) 




The Kiln* After the pieces have been faoture are held at the Technical Inst^tnhBS, 
thoroughly dried, they are sent to i^n kiln. In Tunstall, Burslem^ Stoke-on-Trent^ end Xii»|tton, 
the case of glazed terra-cotta> mnfNS kilns are in Staffordshire, under the supermtendenoe rff 
used, the clay blocks being built up oi^ upon Dr, J. W. Mellor, D,So. 

Eabthenwarb canduded; followed by Oabvxnq 
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dyer uses a large number of drugs in pre- 
* paring his material for dyeing — such as mordants 
as fixing agents and assistants for the mordants, as 
levelling agents, and as solvents for dyestuffH, etc. 
The method of ])rcparation and minute descrijition 
of these substances belong to the domain of general 
chemistry, and very voluminous works are devoted 
to the subject ; in this course we must consider 
them purely from the point of view of the dyer. 

'Fhe French dyers used the term mordant (biting) 
because they thought that the mordants simply 
prepared the way for dyeing by biting into the 
fibre and opening the pores. It has long been known 
that they act by forming a coloured lake closely 
('ombined with the fibre, either by fixing the dye- 
stuff or by actually forming an essential element 
in the colour. The mordant must not affect the 
properties of the fibre and must |)enetrate it 
thoroughly, otherwise if it is only siip('riicially 
attached the colour will not be fast to rubbing. 

Aluminium Salts. Aluminium mordants 
are used on all the fibres and are now, as a rule, 
j)repared from the sulpliate known as “ cake 
.ilum ” or “ patent alum.” Alum is the double 
sulphate of aluminium and potassium or ammonium. 
Dyers prefer commercial alum to the sulphate, 
but they are both used as mild acids in dyeing 
acid colours on wool and as mordants on cotton, 
but not to a large extent, as very little alumina is 
fixed on the filwe. 

Hed liquor is the name given to the acetates and 
sidphate acetates of aluminium because they arc 
used as mordants in alizarine red dyeing. On wool 
and on silk the sulphate is the principal aluminium 
mordant. The other aluminium mordants are 
principally used in textile printing. 

Iron Salts. A large number of ferrous and 
ferric salts arc used by the dyer. 

Ferrom mlphaic^ usually termed copintraif or 
green vitriol^ is employed in the manner described 
under the* head of Natural Colouring Matters, and 
for darkening the colours obtained with some of 
the basic coal tar colours. 

PyroUgnUe of iron or black liquor is ferrous 
acetate containing a little ferric acetate and is used 
principally by the cotton printer and in black 
dyeing silk. Ferric /mlphate, very misleadingly 
termed nitrate of iron, is used very largely in 
black silk dyeing and for cotton. The real ferric 
nitrate finds a limited use for buff shades on cotton. 
CopiK-Tos is the only iron salt used for wool and 
also for jute. Blacks are got on this latter fibre 
by dyeing with logwood and after treating with 
copperas. 

Chromium Mordant*. Bichrornate of pot- 
ash ot sodium, often simply called ” biohi’omo,' is an 
everyday mordant for wool. Sulphuric acid is usually 
add^ to the dye-bath, and other assistants, notably 
lactic and formic acids, have been recommendect. 
A very small proportion of bichromate has great 
mordanting power; in fact, the danger lies in 
“ over-chromiD^ ** the wool. Vliromium fluoride is 
also largely used, generally with oxalic acid as an 
assistant. On silk basic chromium chlorids is used 


fixed with silicate of soda. The cotton dyer docs 
not use chromium mordants very largely. 

Khaki, in really fast shades, is produced with 
metallic oxides. The word itself means “ eartiiy,” 
and khaki, it is said, has been a military colour 
from the days of Alexander the Circa t. Our 
soldiers in India, in cases of sudden outbreak on 
the frontier, dyed their white cotton twills in fresh 
cow dung. The Clermans, during tlu^ recent war, 
took with them to China tins containing a mixture 
of a decoction of chicory and chlorophyll (the 
colouring matter of grass) with the same object. 
The Boer war brought khaki very much to the 
front, and a long range of drab shades produced 
with natural and artificial dyes are now described 
under the name. The military authorities are 
very exacting as to the proi^erties of fastness of 
the dye when used for uniforms, and fast shades 
varying from a khaki yellow to a greyish red are 
obtained with mixtures in various projiortions of 
ferric sulphate, chromo-alum and pyrolignite of 
iron. 

Tin Mordants. The stannic salts are much 
used for the vegetable fibres, especially with the 
natural dyestuffs. The wool dyer principally uses 
stannous chloride, under the name of tin salts or 
fm crystals. Tin spirit — that is to say, tin dissolved 
in acids — is hardly used now. tSta7i7wus'' nitrate is 
employed in dyeing cochineal red on W'ool. 

Copper Mordants. The copiier salts arc 
used ^principally as oxidising agents, but copper 
sulphate, known as ” blue stone ” or ” blue vit- 
riol,” is employed to some extent as a mordant in 
wool dyeing, and cotton dyed with .some of the 
direct t^otton colours is after treated with copjper 
sulphate to make the shade better able to resist 
washing. 

L»ead Mordants. Ace.laU of lead, known ns 
“ sugar of lead,” and nitrate of lead are iised by 
the cotton dyer in producing the once favomitc 
colours known as “ enrome orange ” and ” chrome 
yellow.” The cotton is mordanted with the salt 
and ptissed through milk of lime and then 
through a bath of bichromate of potash. 

A large number of the other metals have Ixjen 
used as mordants experimentally, and some of 
them have found a use, but principally in textile 
printing. 

The Tannins. A large number of vegetable* 
substances contain tamiio acid or an organic acid 
resembling it in chemical constitution and pn»- 
perties. They are capable of converting hide into 
feather, and their astringent properties make them 
useful in medicine as styptics. They are used also 
in the production of inks and in the manufacturer 
of a class of dyestuffs. Some of them, notably 
cutch and gambier, contain colouring matter 
sufficient for use as a dye, and are actually 
natural combinations of mordant and colouring 
matter* 

Tihe principal value of the tannins to the dyer 
lies in the fact that, whereas vegetable fibre nas 
little affinity for dyestuffs, it greedfly absorbs 
tannic acid, which is capable of forming insoluble 
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compounds in the fibre in combination with the 
basic dyestuffs. In silk dyeing the tannins ani 
principally employed as weighting material and ns 
both dye and weighting material for black silk. 
In wool dyeing they find a very limited use. The 
fibre has little affinity for tannin and the small 
(|uantity that it absorbs is a resistant to some 
tiyes tuffs. Before the days of the artificial dyes 
many of the tannins were used for the sake of the 
colouring matter they contain. Tanner's bark, 
gallnuts, chestnut husks and sumach were • all 
c*mployed as actual dyestuffs in English dye- 
liousesy and country people used the bark of the 
birch and willow and other trees. Praetioally, 
cutch and gambier are now the only tannins used 
as dyes, and the value of a tannin to the cotton 
and linen dyer largely dejwnds upon the absence 
of colouring matter. The following are the tannins 
ordinarily on the market. 

Tannic Acid. This is prepared for the dyer 
from Chinese and Japanese galls, and comes on the 
market as pale yellow powder and as crystals. 
The commercial acid can be freed from its colour- 
ing matter by shaking it up with ether and allow- 
ing it to settle. The lower layer then is almost 
colourless tannic acid. It was considered necessary 
to use this tannin exclusively for delicate shades, 
but colourless extracts of sumach are now on the 
market and are less expensive. 

Oak galls ore produced by the ]ninetui ‘0 of a 
female wasp, and the richest in tannic* acid come from 
AlepjK). Chinese and Japanese galls are jirodnced 
by the puncture of an insect on trees of the Hints 
family. These are not ordinarily used directly in 
dyeing, but for the production of tannic acid. 

Knoppern arc produced by the insect puncture 
of the unripe acorns of an oak grown princi]mlly in 
( lermany and Austria. They are very rich in tannin, 
and the Germans use them largely in ink-making. 

Sumach and Other Tannin Sources. 

Surnach is the leaves of certain s{)eci<*s of Hhus 
which are ground u)) for sale. Sicilian sumach is 
the best, but it is very often largely adulterated, 
notably with the leaves of the Icntisk. Sumach 
should contain 15 j)er cent, to 20 ]»er cent, of tannin, 
Jt is a very hardy shrub, and flourwhes in the South 
of England. A plant grown at Harrow was found 
to be comparatively weak in tannin, hut the quality 
was very superior to the imported sumach. As 
there is a market for guaranteed ]mre sumach it 
might bo profitable to grow it on waste land in 
I^ngland. It is very largely used in cotton dyeing, 
as the slight amount of red colouring matter it 
contains is not a disadvantage for many uses. 
A colourless extract is now on the market. 

Mi/robolanSf sometimes written myrobolams^ are 
the dried plum-like fruit of several sfjecies of trees, 
and are obtained chiefly from the Terminalia of 
1 ndia. The stones contain little tannin, and as they 
may amount to 50 per cent, of the weight of the 
myrobolans, this has to be taken into consideration 
in sampling. Myrobolans are cheaper than sumach 
and richer in tannin, but they contain a yellow- 
brown colouring matter which unfits them for 
light shade dyeing. They are largely used in dye- 
ing dork shades and blaoK on cotton and silk. 

VaUmia is the aoom caps of several species of 
oak grown in the Levant. They contain a dirty 
yellow colouring matter, and are little used by the 
dyer except pcoasionally in silk du|ing. 

TriUo is a tannin consisting oMne scales of the 
acorn caps. Divi^divi is the pod of a shrub grown 
in the West Indies. It is used in dyeing blame, 

Ctmatgre, the dried root of a species of dock, has 
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l)ecn suggested as a substitute for sumach. It is 
very rich in tannin. The English dock was ex- 
f)crimented upon, but the attempt to cultivate it 
as a tannin does not seem to have been successful. 

A large number of other tannins, such ns que- 
bracho and algarobilla, arc used by the leather tanner. 

Oila. Olive and castor oil are converted into 
“ Turkey red oil ” or “ sulphated oil ’’ by treatment 
with sulphuric acid. Castor oil is principally used 
ill England. It is decomposed with concentrated 
sulphuric acid, and the mixture of fatty acids 
resulting is washed with common salt and neutralised 
with caustic soda. It must be j)erfectly neu- 
tralised or slightly alkaline and is then soluble in 
distilled water to a clear solution. It is used gs a 
mordant for basic colours in some cases, but the 
shades it gives, although brighter, are not so fast 
to washing as those got on a tannin mordant. It 
is indispensable in fixing mordants for alizarine 
dyeing. In the old process of Turkey rod dyeing 
with madder rancid olive oil was used. 

Fixing Agents and Assistants for 
Mordants. The mordants require to be decom- 
|Mised, and the oxide, which is the actual mordanting 
agent, must be firmly fixed on the fibre. Wool is 
(‘apable of decomposing mordants unaided, but, as 
in <*.hrome mordanting, not without some injury to 
the fibre. Fixing agents, or assistants, are therefore 
added to the bath. 

Caustic Soda. This is used sometimes as a 
solvent for alumina and stannic oxide. It is used 
in the production of manganese brown ^ also called 
manganese bronze or bistre, formed by fixing man- 
ganic oxide upon cotton. This colour is very fast 
to light and washing, and is now also obtained by 
steeping the cotton in a solution of manganous 
chloride, drying in the hot flue, and passing through 
n warm solution of potassium tK*rmanganate. 
(Mustie soda also fixes ferrous or ferric oxide on the» 
fibre, producing in this way two* other mineral 
colours known as iron-bn/f and nankin ikUow, It 
is very largely used in mercer iaation, and at a certain 
degree* of concentration has the effect of increasing 
the affinity of the cotton fibre for dyes. 

Sodium Phosphate. This is a useful 
assistant with aluminium mordants. 

Sodium carbonate finds many uses in dyeing. 
The sod-a crystals are the familiar “ washing soda ’’ 
of the household. In a crude calcined form the, 
carbonate is called soda ash. It is largely used for 
softening water, for neutralising acids, and for 
fixing ferric and chromic oxides on cotton. 

Sodium sulphate, or CHavUtex^s salt, and sodium 
chloride or common salt may be considered toother, 
as the dyer uses thetn for the same purpose. Isoutral 
Glauber's salt should l)e in clear, transparent 
crystals, containing no iron. Calcined Glauber’s 
salt is made by driving off the water of crystallisa- 
tion, and very much less of this is needed in the 
dye-bath. Common salt and Glauber’s salt are used 
in the dye-bath to retard the action of the cdour, 
and thus secure levelness. 

They are often used in large quantities, and raise 
very considerably the boiling ^int of the liquor, 
which has a beneficent action in some oases. In 
woollen dyeing they render the colour less soluble 
so that it is dissolved more gradually, and goes on 
the wool moro evenly. Glauber’s salt or common 
salt is very frequently Hie oidy addition to the dye- 
stuff in dyeing with the direct cotton colours. In 
dyeing wool in acid baths, where dyestuffs are used 
whose colouring power is diminished by the presence 
of acid, Olaubcv’s salt is added to restore the 
balance by diminishing the acidity. 
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Sodium biaidpJiatCf or acid Bodium sulphate, m 
used as a milder substitute for a mixture of (^rlauber’s 
salt, and sulphuric acid. It is sometimes called 
tartar substitute. 

Sodium sulphide is used as a solvent for the 
sulphur colours, which are insoluble in water alone. 

Sodium jjhosphate is sometimes used in Turkey 
red dyeing as an assistant for aluminium mordants. 

Ammonia is used for neutralising acids, and in 
all cases where the wool dyer needs a weak alkali. 
It is used for neutralising Turkey-red oil, as its 
volatility allows it to be readily driven off. 

Ammonium carbonate is used for scrouring wool, 
and as one of the best agents for fixing alumina on 
cotton. 

Tartar emetic is largely used for fixing tannic acid 
in dyeing cotton with basics. It is antimony 
potassium tarlraU\ but is invariably called tartar 
emetic in the dyehoiiso. Its expense has caused 
many substitutes to be offered. A ntimony potassium 
oxalate^ known as binoxalate of potash^ which is 
chea]X'r, may 1)6 used in some cases. A double salt 
— antimony fluoride and sulphate — has been sold 
for the purpose, and there are various patented 
preparations on the market. 

Potassium ferrocyanide. known as yellow prussiate 
of polashf and potassium ferricyanide^ red prussiate 
of jMjtash, have been used as mordants instead of 
tannic; acid. The yellow pruasiate is used in dyeing 
aniline black. Prussian blue is perhaps the most 
important of the mineral colours. It is produced 
on cotton or silk by dyeing the material iron-buff 
( see Caustic Soda] and passing it through a 
weakly acid Ijath of yellow prussiate, and on wool 
by dyeing with yellow prussiate in a strongly acid 
bath at the boiling point. 

Aryol is the crude cream of tartar in the lees of 
the wine vat, and is red or white, according to the 
colour of the grape. It is adcled to mordants, 
especially to alum, the resulting double salt giving 
up more aluuiina to the fibre. The decomposition of 
the mordant with argol produces tartaric acid, 
which does not affect the dye-bath, whereas if 
sulphuric acid were used to decompose the mordant, 
aiin remained in the fibre in the dye-bath, it might 
injure both the colour and the material. 

Calcium Salts. When quicklime is slaked, 
calcium hj/draUi is produced. Water dissolves very 
little of this, and the limev:ater holds particles in 
siispension. This is known ns milk of lime. It is 
largely used in fixing iron mordants and in bleaching. 
CarhoruUe of lime or chalk is used in fixing alumina 
in alizarine dyeing, as lime in some form or other 
must be in the dye-bath. Acetate of lime is very 
frequently employed for this purpose, and also in 
dyeing with several of the natural dyestuffs. Cal- 
cium chloride is bleaching powder. 

Acids. The mineral and organic acids are exten- 
sively used »is solvents, neutralising agents, reducing 
agents for mordants, and for manv other piu’poses. 

Soap is used very largely by the dyer. It is a 
necessary assistant in many dye-baths, and the 
ordinary way of dyeing silk is to use a soap bath, 
plain or “ broken.” with acid. It is a very usual plan 
to ” soap ” dyed goods in order to brighten the 
colours. The dyer needs soap of a good quality, 
and, as a rule, neutral. 

QuUlaia, variously known as quiUaia hark, Panama 
bark, or wood and soap bark is the bark of several 
species of Bosacesa growing iu: Ohili^. Peru, and 
Brazil. It contains saponine, which has mat lather- 
ing and cleansing power. The wool aver uses it 
where soap would be inadmissible, . ana it has no 
harmful effect on the most delicate dyes. 


Natural Dyestuffs. l.Kx^al uses are made 
of a large number of natural dyestuffs even in the 
British Isles, but it is not practicable to consider 
any colouring matters of this class that are not 
ordinary articles of commerce. Even these are of 
less importance than before the days of the coal-tar 
dyes. The fight between natural indigo and artificial 
iiidigotin is still raging, and vat blue has already at 
least lost much of its great importance. Logwood, 
in particular, and cutch and fustic in a minor degiec, 
retain a strong position. The rest of the dyestuffs 
here mentioned are driven from the extended fields 
tJiey once held, but still find a restricted ground 
of utility. 

The natural dyestuffs are drawn mainly from the 
vegetable kingdom ; a very small group are of animal 
origin. The coloured oxides of many metals can be 
fixed on the fibre, hut these arc used as mordants, 
and the few mineral colours are of little importance 
in dyeing, and have been mentioned in describing 
the salts which produce them. Bancroft, whose, 
“ Philosophy of the Permanent Colours ” was 
published in 1704, divided the natural dyestuffs 
into two groups — “ substantive,” those Hith which 
no mordant is necessary ; and ” adjective,” those 
that could not be fixed on tfie fibre without a 
mordant. These terms arc now used in connection 
w'ith tlie artificial colours. 


Indigo. Indigo, unfortunately, is decreasing in 
importance year by year. It was long looked upon 
ns the queen of dyestuffs. Indigotin is the blue 
colouring principle in indigo, and artificial indigotin, 
only a commercial success during the last decade, 
has put the natural dyestuff more and more in the 
background. 1 1 is probable, nevertheless, that indigo 
will always find limited uses. The indigofera ore 
very numerous, but the plants cultivated principally 
are I. anil, I. argeatea, I. disi^erma, and I. tinctoria. 
The last of these is most extensively cultivated. 
The colouring matter of the woad plant, Isatis 
tinctoria. is identical with indigo, but the dyer uses 
woad only as a ferment in the indigo-vat. 

Indigo is absolutely insoluble in water, but on 
treatment with an alkali and a reducing agent it is 
converted into indigo white, which dissolves in the 
lye. When cloth is steeped in the vat thus made, 
and exposed to the air or passed thiough an oxidis- 
ing agent, the indigo blue forms on the fibre. In 
the woad vat the indigo is reduced by taking up the 
hydrogen produced by fermentation, and indigo 
white thus obtained is dissolved by slaked lime. 
Madder is used in this vat, which is employed prin- 
cipally for heavy woollens, and requires skill and 
experience. The zinc vat is used largely in England 
for cotton, and is perhaps the simplest of the indigo 
vats. Indigo, zinc, lime, and sometimes iron tilings, 
are added to the water, which is kept stirred for 18 
hours and then left to settle. The zinc decomposes 
the water and the hydrogen reduces the indigo, as in 
the case of the fermentation vat. The iron filings 
form a rough surface, aiding the evolution of the 
hydrogen, and form a galvanic couple with the zinc. 
A large number of vats are in use, each having 
advantages for a particular purpose. They all 
depend on the same principle of the reduction 
(or hydrogenation) of the insoluble indigo blue to 
the soluble indigo white : 


C,.H,«NA 

Indigotin 


+ 2 H — 

Hydrogen Indigo white 


The indigo white is fixed on the fibre, and on 
rooxidation is reconverted into the insoluble bine : 


Indigo white Oxygen 


Indigo blue 


HaO 

water 

5781 



DYIINQ 


The blue fixed on the libre cannot be washed off 
again, and it is easy to see from this the great ad> 
vantages and the one fault of indigo. It is very fast 
to light and washing, but the outer part of a fabric 
will lose some of its colour by rubbing. Indigo 
contains red, and generally some brown and yellow 
colouring matters in addition to the blue, also a 
body which becomes a siigai-y substance on decom- 
pasition in the vat, and a substance like gluten. 
These play a part in dyeing, but their exact nature is 
not known. They give indigo, however, properties 
that are absent in indigotiii. 

Some of the principal vats are as follow. 

Copperas Vat. 'I'his is not so simple as the 
zinc vat, but it is cheaper, and English dyers have 
used it for cotton since the time of Elizal^th. The 
vat is “set” with indigo, copperas, (ferrous sul- 
phate), fresh slaked lime, and water. In this vat 
the lime is an active reagent as well as a solvent for 
the indigo white. It combines with the copperas to 
form ferrous hydroxide, which reduces the indigo. 
The lime must l )0 in excess to provide for its use as 
a solvent. This vat requires experience, and it is 
left to the experts who know how to humour it. 


Natural indigo is holding its own best in woollen 
dyeing in the fermentation vats. Natural indigo 
is more suitable than artificial iadigotin for use in 
these vats, which leave the wool with a softer feel 
than the chemical vats. 

Indigo Piece Dyeing Plant. A spooial 
plant [1 1, patented and manufactured by Messrs. 
Mather & Platt, put indigo dyeing on a scientific 
basis. By its use the cost of labour and material 
is reduced and greater regularity in shswio is secured 
than by the older processes. A praotioally clear 
vat is "obtained, and the indigo which is taken 
up by the cloth during the process of dyeing can 
be replaced in such quantity as is necessary during 
the working of the vats. A saving of time is thereby 
effected, since the cages for stirring the vats have 
not to be raised or lowered. The ))Iant for the 
]>roduction of dark shade comprises a range of four 
dye- vats and settling tanks. In the illustration one 
dyeing cistern only is shown. The cloth is taken 
through the liquor in the vats in the ordinary 
continuous manner, passing round the guide rollers 
of the cages, A, after which it is squeezed by the 
rollers, B. It is then laid by the wince in loose folds 


Hyposulphite or Hydrosulphite Vat. 

This is a modern vat very much in favour, as it can 
Imj used for botli wool and cotton. Acid hypo- 
sulphite of soda is the reducing agent, and the dyer 
prepares this by the aeti(;n 
of zinc on sodium bisul- | 

phitc. The hyposulphite 1 

is prepared immediately 1 

before use, and added to i 

indigo ground into fine 1 

powder and slaked lime. 

The vat is used cold for •(V ^ 

cotton and hike warm for 

Fermentation i 

Vats. Woad has already " 

been instanced and its ( i ' 

action explained. Any |j r— — i 

substancr‘s, such as bran, 

starch, or glucose which 

will ferment may be i, indigo piece dyeing 
used. Benoist and Collins 


upon the slowly- travelling endless apron, D, whore 
it is exposed to the atmosphero for a sufficient 
length of time for the indigo taken up in the previous 
vat to become thoroughly oxidist*d upon the fibre 
^ before the cloth enters the 

A next vat, through which it 

I passes in the same man- 

1 ner, and so on to the end 

k of the range. The method 

I of oxidising avoids all 

I tension of the cloth. 

liL^ Curled selvedges and 

? creases, with the resultant 

streaky dyeing, are there- 
I iikiM V l-f* by prevented. It also gives 

1 more time for exposure 

” ■ ' to the air, and thorough 

oxidation. The slack 

’ cloth between the vats 

acts as a jierfect com- 
PLANT (Mather & Platt) pensator, and raevents 

undue tension Detwet*u 


actually make a culture of the ferment that pro- 
duces nydrogen — dcsmofmcteriiim hydrogeniferum — 
and add a trilling jiroportion of it to a vat prepared 
with food for it. The advantage of it is that this 
c!an bo worked at a higher temperature than other 
fermentation vats, therefore it is more rapid in its 
dyeing action and more easily worked. 

Stannoua Hydrate Vat. In this, stannous 
hydrate, prepared by neutralising stannous chloride 
with caustic soda, is the reducing agent. It is said 
to be simpler than the copperas vat, but is little used 
in England. 

The different vats have an influence on the shade; 
tlie woad gives the brightest shades, and the alkaline 
vats are best for the daA shades required for uniforms. 

It has always been necessary, in view of the 
high price of indigo, to recover the unspent dye 
from the “ bottoms.” The copperas vat in par- 
ticular is not exhausted. Many devices have also 
been used to combine indigo with other dyes to 
obtain its peculiar bloom imd excellent qualities 
with less expense. A very usual plan is to 
“ bottom ” the goods with camwood ot barwood 
first and afterwards with indi^,^ the indigo is 
“topped” with suitable artmcpl dyes after a 
lij^t shade of indigo has been obtained in the 
vet. These shades are termed “ wooded ” colours. 


one })air of s(|ueezing rollers and the next. In con- 
nection with each vat there is a settling cistern, E, 
provided with a small hand pump, F, the suction- 
inpe of which goes to the bottom of the dye vat. 
The object of this settling is to remove regularly from 
the dye- vat the deposit which forms in working, and 
thus to keep the dye liquor clear, in this way 
avoiding the stains and uneven dyeing frequently 
caused by the accumulation of sediment in the dye- 
vat, Wiien the work of dyeing is finished for the 
day, as the cloth runs out of the vats the meohani- 
cally-driven agitators, (}, are set to work in each 
cistern for a few minutes, and allowed to rest until 
the next morning. Then the clear liquor is run 
back to the dye- vats from the settling cisterns 
— which have bwn filled up by the hai^ pumps 
the previous morning — by means of an outlet ^pe 
fixed about halfway in the depth of the cistern. The 
sediment which has settled in the vats during the 
night is thus retained, and the indigo is recovered 
from it. Any of the chemical processes in use for 
indigo dyeing can be used with advantage in this 
plant, the one generally adopted being the mo, lime, 
and hyposulifiiite of soda vat. The dye materials 
can be added to the vat as required while worlcii^, 
and can bo accurately estimate. For light shades, 
the single vat shown in the illustration is sufficient. 
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By HERBERT J. ALLPORT, M.A. 


NOTES ON CONIC SECTIONS 

Definitions. A Conic Section is a plane 
curve traced by a point wliich moves so tliat its 
distance fi oiii a given lixed ])oint Jias always the 
same ratio to its perpendicular distance from a 
given straight line. 

The given point is called tlie Fttcintf tlie given 
straight line is c/illcd the Directrix, and the 
constant latio is called the Eca ntr icily. 

Conic sections are so called because they are 
the curves in which a plane may be made Ui 
intersect the surface of a cone. 

When the constant ratio is equal to unity — 
/.e., when the distance of the moving point 
from the fixed point is always etjual to its 
distcancc from the fixed straight lino — the conic 
is called a Parabola. When the constant ratio 
is Zm than unity — the distance of the 
moving point from the fixed point is less than 
its distance from the fixed line — the conic is an 
Ellipse. 

When the constant ratio i&fjrenter than unity, 
the conic is a Hyperbola. 

The Axis of a conic is the straight line, of 
unlimited length, drawn througli the focus, 
perpendicular to the directrix. 

The point in which the axis meets the curve 
is called the Vertex. 

The letters S, A, and X are used to denote 
the focus, the veitex, and the point in which 
the axis meets the directrix resf^ectively. 
Remembering that A is the point which divides 
8X in the ratio of the eccentricity, it follows 
that a jmrabola has only one vertex, since there 
is only one point wdiich bisects SX. 

In the case of an ellipse, suj)po3e the eccen- 
tricity is 
the ratio 
a : 6, so 

, ® 

^ ' than 

6. Draw a 

straight line through S in any direction, and 
measure oflf SM containing a of any convenient 
equal lengths, and MN containing h of these 
lengths. Join NX and draw MA 1| to NX. 
Then {Prop. 52) SA ; AX ! I SM I MN ; a * 6. 
Hence A is a vertex of the conic. But, if 
we measure MN', containing b of the equal 
parts, in the opposite direction from MN, join 
N'X, and draw MA' || to N'X, we again have, 
from the ASN'X (Prop. 52), SA' : A'X : : SM 
: MN' I ; a ; 6. Hence A' is also a vertex of 
the ellipse. 

Thus, an ellipse has two vertices. Also, since 
a is less tlian 6, it is evident that N and N' lie 
on opposite sides of S, and therefore A and A' 
also lie on opposite sides of S. 




The second figure .show^s the same construction 
for a hyperbola. Here, since a is greater than 
6, N and N' lie on 
the same side of S, so 
that the two vortices 
s^v' A and A' also lie on 

the same side of S. 

The middle i^oint of 
the line joining the 
vertices is called the Centre of the conic, and 
the ellijjse and hyperbola are cfillcd Central 
Conics. 

Ofun^ and tangent have the siime meaning in 
the case of conics as in that of a circle. 

The Latm Rectum of a conic is the chord 
through the focus, at right angles to the axis. 

The Nonmil at any |x>int on the curve is the 
straight line perpendicuLar to the tangent at 
that point. 

The Ordinate of any point on the curve is the 
straight line drawn from it, perpendicular to 
the axis. 

The parabola, ellipse, and hyperbola have 
several properties in common. Proofs of these 
are given. Afterwards, the princii>al properties 
})eculiar to each curve will be noticed, but a 
thorough examination of them, and the proofs, 
would occupy too much space. 

Properties of the Tangent 
Proposition 72 

if a chord PQ of a conic meets the directrix in 
Z, then ZS bisects the exterior angle beAween the 
focal distances SP, SQ. 

Draw PM, QM' ± to the directrix. Thou 
the As PZM, QZM' are evidently equiangular. 

PZ : QZ - PM : QM' (Prop. 56). 

But SP : PM = SQ : QM' (Def. of a conk.) 

pm:qm'=sp:sq; 

so that PZ : QZ = SP : SQ. 

Hence (Prop. 55) ZS bisects the .lQSR, 
which is the exterior angle between SP and SQ. 

Corollanj 1. Sup- 
pose Q to move 
along the curve to 
P. Then PZ be- 
comes the tangent 
at P, and since the 
L ZSQ is always 
equal to the z. ZSK, 
we have L ZSP 
ziZSB. Hence, 
each is a right angle. 
Therefore, if the tangent at P 'meets the directrix 
in Zy then PZ mbtetids a Hght angle at the 
focus. 

CotvUaiy 2. If PS, Q8 meet the curve again 
at B and T, then, since ZS bisects the ext^or 
L between SB, ST, we see that TR must pass 
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through Z. Also, wheu the line QT turns about 
S so that Q moves up to P, T will also move up 
to R, and ZR will become the tangent at R. 

Hence, the tangenls at the cxtremUies of a 
^ chord (i.e., a chonl throvgh the focus) meet 
in a jioint tirhich lies on the directrix, <nid is sueh 
that the straight line joining if to the focus Is 
perpend ictdar to the chord. 

Conversely, if tangents are drawn from a 
point Z on the directrix, the eliord t)f contact 
will pass through the focus and be perjiendicular 
to ZS. 

Proposition 73 

If, from any point T on the iangint at P, 
TN and TR bedranni 



periHmdicular to SP 
and the dirertrix. then 
SN ; TR Is equal /'» 
the eccf-ntricitg. 

For, PSZ is A ) ighl _ 
{Prop, 72 ). 

TN is to ZS. 
ZT ; ZP= SX 

: SP 


But ZT:ZP=TR:P 


SN : 8P=: TR : P 


or SN : TR — SP • PM = the eccentricity. 

Corollary . To draw two tangents to a conic 
from a given point. 

Suppose TP, TQ were the tangents. Draw 
TM, TN J. to SP, SVi and TR J_ to the 
directrix. Then SM : TR = SN : TR (since 
each ratio equals the eccentricity)., SM 
-SN. Hence, a © with SM as radius and S 
ns centre will pass through N, and I'M, TN will be 
tangents to the ©. Thus, we liave the follow- 



ing construction. Draw TR J. to tlio directrix. 
Then, if e is the eccentiicity, take a radius 
equal to e . TR and describe a circle with centre 
S. Draw TM, TN tangents to this ©. Join 
SM, SN, meeting the conic in P and Then 
TP and TQ are the tangents required. 

PropoAition 74 

The two tangents dravm from any point to a 
conic subtend equal angles at the focus. 

Using the hgure of the last corollary, we 
Jiave to prove that z.TSP= ^TSQ. 

Now SM : TR SN : TR. 

SM=SN. 

Hence the right-angled As SM^SNT liave a 
common hypotenuse an4 a side of ffite equal to a 
side of the other. 


.*. the As are equal (Prop. 20), 
lTSP = 

Proposition 75 

If ttw tangents are draum to a conic from a 
point T, and their chord of contact meets the 
directrix in Z, then TS and ZS are at right 
angles. 

By Prop. 72, ZS bisects the L QSR, and by 
Prop. 74, TS bisects the 




-TSZ is half the sum of the .»s QSR, 
QSP, i.e, half of two right iis. Hence T8 
and ZS are at right L s. 

The Normal 
Proposition 76 

7/ the nornud at P meets the axis at G, then 
oG ; SP is equal to the eccentricity. 

_ZSP— a right l (Prop. 72, Cor. 1). 
^ZMP. 

a © ou 
PZ as diameter 
will pass 
through M and 
S (Prop. 39, 
Cor.). 

— SMZ {I'ivp. 
40). 

the com- 
plements of these Z-s are equal, i.e., ^SPG 

Also, .1 PSG -= L SPM (Prop. 12). 

/. the As SPG, SPM are equiangular, and 
therefore similar. 

/, SG ; SP = SP ; PM = the eccentricity. 

Proposition 77 

If PG is the 'normal at P, and GK is drawn 

fterfmidicular to 
SP, then PK is 
equal to half the 
latus rectum. 

In As SPN, 
SGK, 

Right L SNP 
= right Z.SKG. 
z. S is common. 

equiangular. /. they are similar. 

SK:SN«SG:SP 

= the eccentricity (Prop. 76), 
le.f SK^e.SN. 

But SP = e.PM=e,m 

,\SP-SK«e(XN-SN)j 
or PK^s.SX 

» half the latua rectum. 
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UNDERTAKERS 

Although not strictly a shopkeeper, the under- 
taker may conveniently be classed under thiH 
category, for more often than not he keeps a shop 
for the display of some of his wares. In selecting 
this business for a career in life there are several 
sp cial ciualifications which a man must possess 
iKjfore he can hope to he successful. He must, 
first of all, be endowed with an abnormal amount 
of self-control. 

How Experience is Acquired. There is 
no proper app^nticeship system in the trade. As a 
matter of fact, it is seldom that a youth sets out with 
the deliberate intention of becoming an undertaker. 
It is looked upon as a dismal calling, and one to be 
avoided. But it is a very necessary business, and 
one which, properly cultivated, yields a reasonable 
commercial return. In the Scotch country villages 
the joiner, as he is called, is also the undertaker, and 
the English village carpenter likewise does duty 
in the same way. The necessary experience is 
gained, therefore, by serving an apprenticeship 
preferably with a cabinet-maker. A youth would 
engage himself to a good cabinet-maker for five 
years, receiving a wage diuring that jxjriod probably 
varying from 38. to 12s. per week. Having 
acquired a thorough groundwork in general cabinet- 
making, he would look lo.* a ])osition for two 
years or so as an improver at a wage of from 
20s. to 25s. per week. By that time an alert man, 
with head and hands, would have all the necessary 
knowledge to fit him for a journey man, earning an 
average of from 28s. to 35 b. ])er week in the country 
or 40s, to 42s. i»er week in London. 

Branches of the Trade. (Generally speak- 
ing, the duties of an undertaker are to measure the 
dead body, to make the coffin, or to get it mode, to 
arrange with the cemetery authorities, to pro- 
vide the carriages and men, and to accompany 
the funeral to the grave. There are funeral fur- 
nishers, however, who do not come directly into 
contact with the mourners. They may be wholesale 
manufacturers or jobmasters, j:iroviding the under- 
takers with coffins, carriages, and all the appurten- 
ances. hx most oases the undertaker, however, 
makes and furnishes the cofi.n, and applies to a 
known carriage master for hearse and fittings. But 
there is a class of workmen who are coffin-makers 
pure and simple, and who are neither cabinet- 
makers nor carpenters. These men do not possess 
any great skill, and are often chosen more for their 
appearance and manners, as thev have to assist 
their employers in coffining the body and at the 
funeral. Coffin-makers are paid from 6d. to 9d. 
per hour, according to the class of work they oan do. 
There is no uniformity of hours possible, for ooffins 
must be made at any hour nooess ity. The men in 
small establishments invariaUy accompany the 
funeral to the grave, but in big undertaking estab- 
lishments (conziected with a oarriage-hlring business) 


there is a special staff of funeral attendants — often 
carriage washers and grooms — who arc paid from 
4s. fid. to fig. per job, and in addition a regular 
weekly wage of about 7s. 

The Shop and the Workshop. Having 
learned all that is to be known about the buhiness, 
and being in possession of the business ciualifications 
named, good health, and a bank balance of at least 
£200, the yomig man — he should be at least 2fi to 30 
years of age — would look around for a suitable site to 
begin operations. First of all he would endeavour 
to secure a roomy, well- lighted workshop, jirefcrably 
with an ai joining sale shop fronting the main street. 
Perhaps this will not be easily secured, tm J, if so, 
separate establishments within easy distance of each 
other would be sele(;tiid. In any case the workshop 
must be dry and well lit, in a good locality, and 
within convenient access. Plenty of light is required 
for the work ; even black stuff is “ sore on the 
eyes.” Such a workshop would cost £10 to £20 
rental (or more if in London), and it would be 
divided into two portions. One part would Ijc wood- 
lined, and fitted with shelves for the finished shells, 
for clotliB, linings, or general ironmongery, all of 
which must be ke])t dry. The other division would 
be used as the workshop proper. It would contain 
one or two small benches with vi(*es (costing £4 for 
two), half a dozen trestles for use in the shop, and the 
same numlxir for use at funerals (£2) ; and. where 
possible, a small electric motor and a small saw- 
table. A motor (one-horse power) would cost 
about £14, a saw-table £12, and shelving about £5. 
The sale shop should be divided into a front apjrt- 
ment for callers, and a private rooih behind. In the 
front shop there had better be a small counter, a 
desk and a few chairs, shelving round the 
walls, and a few drawers. On the shelves there 
would be displayed wreaths, flowers, brass mount- 
ings, or anything else that could be exhibited. 
The drawers are for funeral stationery, and a selec- 
tion of gravc-cloths, shrouds and linings. The last- 
named must be kept dry, and, if possible, airtight, as 
the material is inclined to discolour on exposure. 
The fitting-up and display in the shop-wdndow 
need not necessarily be dull or unduly sombre. 
The private room at the back should be fitted with 
a writing-table, chairs, and the usual office furniture. 
The fittings of the front shop and private 
room, including floors covered with floorcloth or 
linoleum, should not cost more than £20 all told, 
and the rent of both shops in conjunction would 
probably be £40 to £60 per annum, according to 
looality. 

The Stock. As in most businesses, there are 
wholesale factors or manufacturers of thp various 
articles required for the trade. There are mana- 
faotrirers of all kinds of wreaths (artificial and 
natural), coffin furniture, special wood, mouldings, 
etc., for ooffins, besides olo^ linings, and so forth. 
With regard to wreaths, it is often Mvisable for the 
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beginncT to have on arrangement with a local 
wholesale horist, but, failing that, there arc many 
regular wreath factors in the trade ready to supply 
all kinds of mementos on demand. For an opening 
stock, four marble wi^aths, with stands, of assorted 
kinds, wotild be necessary. These would cost about 
£8 158. Then six enamel wreaths would be ordered 
at a cost of about £1 16s., and on ^ dozen preserved 
flower wreaths (18s.), A suitable selection of 
inscription glasses, vases, and graveside decorations 
could be obtained for £1. In stationery, funeral 
curds (such as are given to cord-holders and 
pall- beard's) would cost about 128., while ordinary 
office stationery and books would absorb another 
£2 10s. That is all the stock necessary for the sale 
shop. For the workshop the stock would include 
1 doz. assorted deals of oak, ash, and elm, cut to 
J in. tliicknoss (£5 Ss.) ; 300 ft. of suitable mouldings 
(£1 5s.) ; 1 doz. deals of third quality yellow pine, 
red pine, or white pine (£3 Cs.), and 40 yd. of lining 
for Iwttoms (£l 138.). These would all be stacked, 
dried, and used as re(|uired. Then in cloths for 
covering or lining coffins, etc., there would be 
obtained one piece each of black (£2 58.), white 
cotton (15s.), and embossed (£1 3s. 4d.), and half a 
piece of velveteen (£2 6s.). The black cloth is in 
45-yd. lengths, the white and the embossed in 40-yd. 
pieces, and the velveteen in 30 yd. Besides these, 
there would be 2 doz. side-sheets (for placing up the 
sides of the coffin and folding over the body), one 
quality costing 10s. 6d. per doz., the other 7s. 6d. ; 
J doz. embossed sheets (9s.), and four sets of best 
sheets (18s. (’d ). Frillings would cost at least Os. ; 
six shrouds would be 16s., and 1 doz. assorted grave- 
gowns £1 10s., while six sets of silk cords (£1 28.) 
and 2 doz. sets of assorted cheaper quality cords 
W'ould mean another sovereign. One pie^c of water • 
T>roof sheeting, wliich is often used in pi ice of zinc 
lining would co't from 408, to 488. In ironmongery, 
two sets of brass mountings at £2 10s., two sets c. sting 
£2, four sets costing £2, and four sets costing £1 2 h., 
would give a very fair selection. These rniglit be 
assortt^d brassed, and nickle-plated. A “set “ includes 
one name plate, side- plates, and handles for cords, and 
where black coffins are used it will be necessary to 
have black or white mountings and lace. In such 
cases, four sets of black and four sets of white, for 
adults (3s. per set), and six sets for children (Is. 6d. 
per set), would suffice. Another 15s. spent on the 
ordinary nails, screws, etc., required in completing 
the work would furnish the ironmongery depart- 
ment, and practically complete the stock. 

The Method of Procedure, When the 
relatives of the dead call, they should bo ushered 
into the private room, where all psrticulais must 
be noted in a book kept for the purpose. These 
inc’.mle the name and address of the iiejson giving 
the order (for he or she is resiK)nsible in law for 
payment), the name, ago and occupation of 
deceased, the cause and date of death, the name 
of the doctor who attended at the death, particulars 
of the burial ground, if any, when the coffining or 
“ chest ing ** is to be done, the hour and day of the 
funeral, tlie service desired, the style, quality and 
price of coffin, and other questions regarding local 
customs or particular desires about which you may 
not be sure. In measuring the body, one must 
take the exact Icn^h, width at the widest, and 
the depth. The coffin should be made inside at 
least 2 in. longer and 1 in. deeper than the actual 
measurements. The flnish^d should be 

delivered punctually at the time apJPhtedL With 
regard to screwing down the lid, local custom, and 
the wishes of the relatives have usually to decide. 
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The funeral arremgements differ in many localities, 
and it is the business of the undertaker to learn 
local customs. In lifting out or in, in p'lbli *. the 
coffin must always be carried feet foremost. 

The Question of Prices. Prices are affected 
by many things —wages, rents, facilities, and the 
character of the opposition. They should be 
neither too high nor too low, but commensurate 
with a good class of business. The ordinary 
ciharge for an adult coffin averages about £3 ; but 
for customers in a poorer station of life a lowe 
charge should be made, without loss of profit, by 
reducing the quantity and quality of the materials 
and furnishings. Varnished pine coffinB of better 
qualities and richer mountings average about 
£4 48. ; plain oak or elm, £ s or £ ) if polished, and 
higher prices for the best quality and superior finish. 
Where cords and tassels with brass side plates are 
used, 15s. to 25s. would have to be added, and 
often the coffin requires a zinc lining, which would 
increase the price by about 128. 6d., or, if soldered 
down, by about 208. Attendance at an ordinary 
funeral is usually reckoned at £1 ; but where coffins 
are lined, extra assistance is required, and the 
charge would then be 30s. When country journeys 
or travel by rail are undertaken, the charge is 
usually lOs. j>er man and £1 for the undertaker 
himself, plus all outlays. Carriage by rail for a 
corpse is Is. mile, but an empty coffin is 
carried at the usual parcel rate. For undertakings 
to long distances hires may bo wanted at both ends, 
and this increases the expense. The cost of hires 
will vary according to the style of funeral carriage 
and the horses. A plain hearse should run from 
Ss. to lOs. upwards per funeral, a pair-horse 
oarriage from 218. to 308. or more. Single carriages 
for the mourners are usually hired at from 5s. to 
7s. 6d. each, and pair-horse carriages from 15s. 
to 218., according to style. A representative 
estimate for an ordinary f\ineral (shell and outer 
case), may be given somewhat on the following 
lines ; 

Inch elm shell, covered, lined calico, side sheets, 
ruffle, mattress, pillow, etc. A stout elm case, 
with capping and plinth, French polished, engraved 
brass plate of inscription, four pairs of brass handles, 
and closing screws. A funeral car and pair, 
brougham and pair, superintendent and bearers, 
price £14 lOs. 

Profits and Credits. The safe p'au 
is to have a regulation scale of prices foi' 
coffins, which will include ordinary att-enclancc, 
then add hires (from which a small commission 
is received), and out-of-pocket cx^^enses. For 
an ordinary undertaking a clear profit of not less 
than 26 per cent, should be received. For such 
as call for a good class of oak coffin, with more 
stylish work, proportionately higher charges arc 
made and skater profits accrue. The usual 
credit given by the wholesale trade is one inonth 
with 2i per cent, discount. The undertaker should 
insist on doing a cash trade, for it is easier to get 
the money during the first flush of grief than later 
on, when the fountains have dried up somewhat. 
If there is any suspicion of pecuniary insecurity 
a surety or a deposit should be insisted upon, and 
no discounts should be given. When the 
payment of funeral expenses is to be made by a 
lawyer, a sum approximating to 6 per cent, interest 
p%r annum shotmd be added to tne bill, for legal 
luminaries are notoriously slow payers, and th? 
poor undertaker may have to wait six, or sometimes 
even twelve, , months for his money*. In charging, 
it pays one to treat the deserving poor generously ; 



where it is known that working people are 
pienibers of funeral societies and other institutions 
^f that sort prompt presentation of accounts should 
pbe mtule ana payment insisted upon. Tho business 
W’ould bo worked, at first at least, by the under- 
taker and two men, with perhaps a girl to attend 
to the shop during tho absence of tho principal. 
Undertaking is a seasonal trade, tho busy time 
being from November to April, though sudden 
rushes may bo experienced at any time on the 
advent of cold win^, fogs, or epidemics. 

Cremation. From a hygienic point of view 
cremation is regarded by public health authorities 
as preferable to earth burial, and tho popularity of 
this form of disposal of dead bodies is slowly 
gaining in popularity. Statistics recently pub- 
lished show that the number of cremations in 
(Ireat Britain during 1906 was 742, an increase of 
138 on the previous year. But there is yet a deal 
of sentiment to be overcome before cremation 
can be universally adopted ; moreover, the cost 
is prohibitive for people of ordinary means. There 
are several crematoriums in various parts of tho 
country, the principal being in the neighbourhood 
of London. Woking and Golder's (ireen arc, 
perha ps, the best known places, and the proceedings 
are under the direction of tho Cremation Society, 
When a wish for cremation is ex])re8sed, applica- 
tion in writing must first be made to the company 
by tho executors or nearest relatives of the deceased 
(unless the deceased has already communicated 
such a desire during his or her lifetime), stating 
that it was the wish of tho deceased to be cremated, 
or that he, or she, entertained no objection thereto. 
Upon receipt of instructions, regulation ap])lication 
forms are sent by tho ^o ie y, which ore filled 
u]) and sent to the underbxker, who makes all the 
necessary arrangements. Two certificates from 
medical men (one of whom must have attended 
tho deceased), stating the cause of death, are re- 
quired, and tho names and addresses of such 
medical men should bo given in full. The Crema- 
tion Society reserve the right of refusing to carry 
out a cremation without assigning any reason. 
Cremations may take place two days after 
receipt of application form. The registrar's cer- 
tificate is required, as in ordinary earth burials, and 
it is imperative *that it be sent to tho undertaker 
without delay, as tho Society i*oquire sits production 
before the order for cremation can be issued. A 
pine shell, covered or i^lished, is sufficient to 
carry the body, and it is optional, when tho body 
is about to be cremated, whether it be removed 
from tho coffin or not; ihis is left to the decision 
of the chief mourners. Sometimes an ordinary 
outet oak case with the usual appointments is 
desired, but in these cases the outer coffin would 
not be placed in the crematorium. Cremation 
being considered only a process preparatory to 
interment, the Bishops of the Church of England 
have ordained that the Burial Service, which includes 
the committal of the body to the grave, should 
not be read until the asW ore brought to the 
churchyard for interment. This does not, however, 
preclude a service being held in the chapel, if 
desired, prior to cremation. This service consists 
in reading the Psalms and Lessons usually read at 
funerals and one or two of the oolleots from the 
Burial Service. The fee to the local clergyman, 
if retain^, would be £1 Is. There are waiting: 
rooms for friends during the actual process of' 
cremation, of which no inspectkni is permitted, 
and which usually lasts an hour and a half. The 
fee for cremation is usnaBy £5 Os., alike for adults 
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and for children. As a guide to cost, one might 
assume a cremation at Woking from London. 
There would be conveyance of the body from any 
metropolitan station to Waterloo, with hearse and 
men, railway charges to Woking, hearse and pair 
from Woking to crematorium, attendant from 
London, cremation fees, making necessary ari’angc- 
ments with 0 emation Society, supplying casket 
and brass plate, in all about £15 10s. for not cash. 
In estimating, the undertaker would add charges 
for his I er onal expenses, and would leave a margin 
for any telegrams or incidental outlays that might 
be necessary. Cremations may bo m^e to pay the 
undertaker fairly well ; some companies offer 
inclusive terms to undertakers from £8 Ss. upwards, 
but cremation- undertaking is still an unusual 
occurrence in tho career of an undertaker. 

Smbalming. S’ometimes a request may be 
made to tho undertaker to embalm a body which 
it is de-ii'ed to preserve fora short time. In America 
embalming is a common practice. The process con- 
sists in treating the body so as to preserve it in its 
natural coloration by retarding decomposition. Tho 
usual method adopted is to make an incision in the 
carotid a tery, and inject a solut.oii of zinc 
chloride and salt. This fluid permeates every 
part of tho organism, thus effecting the desired 
result and without leaving any unsightly traces 
of the operation. If the b^y is to be sent abroad 
or is to be kept for weeks, the quantity of the solu- 
tion and its strength are increased and various 
incisions are made. There are several professional 
embalmers in Ixxndon with whom undertakers may 
mixke arriingements. Their fees to the trade for 
an ordinary embalming (say preservation for a 
week), is about £5 5 b. plus fares and expenses. 
The foes for a long ])eriod, oc<ian voyage and so on, 
arc from £10 lOs. upwards ; while compete embalm- 
ing would cost from £21 upwards. 

WATCHMAKERS 

In dealing with the watchmaking business w'e 
naturally include the vending of clocks. Watches 
and clocks have tho same primary function to 
jierform — namely, to indicate the time of day, and 
to a large extent, especially with the more valuable 
articles, their cases are made ornamental. 

Timekeepers are classifie<] under thteo heads — 
imkheSf timepieces, and clocks — iho last-mentioned 
distinguished by having a mechanism for striking 
the hour either on a hell or gong. Watches and 
clocks are classified according to the use for 
which they are intended. Wo have chronograph, 
split-seconds chronograph, calendar, quarter-hour, 
and minute repeating watches. In cloeks wo have 
hour and half-hom* striking, quarter striking, 
quarter chimes, and musical alarms. 

Watches have each their technical name relative 
to their oonstniotion, as such lever, horizontal, 
duplex, chronometer, and verge The last is, how- 
ever, quite out of demand, owing to its primitive 
nature ; too much friction is developed in the 
running, and the result is unreliability as a time- 
keeper for modem use. 

C&ocks are propelled either by a suspended weight, 
which gives the most accurate time, or by a main- 
spring coiled into a barrel or round box, A few — ^very 
few — are driven by electricity. The two first must 
be stocked, if you wish to complete your assoriment. 
The most important and accurate piece of horological 
mechanism that science has been able to invent is 
tibus marine chronometer, swung in universal sockets, 
^ effect of which is to maintain it in the same 
position continuously through all the violent 
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motions of a vessel in heavy weather. The marine 
chronometer, however, is the work of a specialist, 
and its use is limited. Therefore, you can dismiss 
it trom the stock of an ordinary business, also the 
more complicated watches iind clocks. They are 
rather expensive, and require very much greater 
capital than w© submit to a beginner in the busi- 
ness with a moderate sum at disposal. 

Capital and Poaition Watchmakers in 
the retail branch combine jewellery with their own 
trade, and the jeweller vice versa. Modern methods 
have compelled the two to combine. It is a rare 
thing to find a jeweller who is also a practical 
watchmaker, and the ronveise applies to the 
watchmaker. The two trades are taught separ- 
ately, as they are run on distinctive lines. Still, 
it is possible for the member of one trade to possess 
a good theoretical knowledge of the other. So the 
reference to capital, site, etc., will be found under the 
title of Jewellers [i age 373:’ J, and it is applicable 
to either trade. But to go in for watches and (;locks 
suflieient to make a variety, attractive and good 
in effect, another £100 is really essential, and even 
then you are able to stock only the less ex])en8ive, 
but everyday requirements, whi^'haie, after all, the 
best medium for any business. 

Where to Buy, In the watch and clock 
business — especially the former — it is difficult to 
know w here to buy ; there are so many manufacturers, 
wholesale houses, and agents representing both home 
and foreign firms. 'I he result is that the watch 
trade is cut up keenly, and the variation of 3d., fid., 
or Is. on a cneap watch is worthy of serious con- 
sideration. However, you can find out these dis- 
crepancies and their cause only after you begin busi- 
ness. You have not the remotest chance of doing 
so beforehand. If you arc a practical watchmaker, 
you can easily distinguish the degrees of difference. 

The two leading journals are the “ Horological 
Journal,” published by the British Horological 
Instituti*, Northampton Square, E.C., and the 
** Jeweller, Silversmith, and Watchmaker,” pub- 
lished at 150, High Hoi bom. They contain informa- 
tion r' gar.’ing the doings of the trade and the leading 
manufacturers’ advertisements. Of course, there are 
many firms who do not advertise in them. You can 
find them out only by recommendation, or through 
Ijcing called upon. The latter method is really the 
i7ioHt cert lin, for then you get into touch with them 
personally, and their stock. The usual terms appli- 
cable to jewellery may be had in the watch business 
also. Some firms are more rigid than others. 

In a medium class trade, you are very safe in 
stocking everyday requirements, such as oxidised 
watches, both ladies’ and gents’, and wristlets. 
Avoid the hunter or double-case watch — silver and 
gold also ; but of those principally the latter metal 
in ladies’ size. In some districts gold watches can 
be sold better than silver watches. "J’hen there are 
the gold-filled, gilt, and nickel, with all of which be 
very careful. The field for them is chiefly in America 
and tlio Colonies. Complicated watches can be left 
over till you see how things progress. Under-buy 
rather than over-buy. Overstocking is a dange ous 
rock on which yon may got wrecked at the outset 
of your career. 

Exercise your own judgment when buying, and 
do not accept the free and pushing advice in toto of 
your genial commercial’s flattering words : ” They 
are selling,” ” We are doing well with 'them>” “ You 
are sure to sell them,” eto.^^lus the offer of iampting 
terms. Clocks must be carefully studied mki. For 
instance, in the lar^p cities marble clocks are at 
a discount, but in the smaller and country towns 
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they nre Htill much fn demand. Cjty customers 
prefer the light and more dainty variety. The 
kitchen alarm, the sma 1 fancy clocks for sitting 
and bed rooms, are a very sure stock. Here, also, 
have variety more than quantity to begin with. 

StocRReeping. The care of your stock is 
exceedingly ioqiortant. The difficulty is to impress 
that fact u|)on the mind of your assistant. 8eo tliat 
all finger impressions are removed at once both 
from the outside and inside. It is the inside of the 
case that is often neglected. You n ay find that 
at an unexpected moment. When showing the 
article to a prosiTectivo purchaser, you open it 
and perhaps find a finger stain or two, and are 
unable to remove it on a count of the perspiration 
having eaten into the polished surface. Needless to 
add, it conveys its own meaning to your customer, 
with a probable loss of sale. The same remark applies 
to clocks, especially fancy brass and nickel ones. 

Profit varies from 25 i^er cent, to 60 per c^ent., all 
according to the nature and cutting competition of 
the watch. In reckoning out your profit you must 
consider not only your running expenses, but al o 
take into allowance the quiet seasons of the year. 
Watches, clocks, and jewellery are not necessaries 
of life, and with a slump in the business market of 
your district you will be one of the first to suffer. 
Therefore, you are justified in trying to get your 
33 .V pvr cent., which you can. 

Repairing. This branch of the waieh business 
is one of great importance, and if you are a practical 
man you can employ your spare time in doing a pro- 
portion of your own repairs, which certainly helps to 
meet your exiTcnses. You are also able to detect 
faults at once in either the watch or clock brought 
in for re])air. 

Do not work your repairs under cost, although 
you have to come and go a little in some cases. Do 
not attempt to comy>ete with the individual who 
works unreasonably cheaply. No watch that is 
valued reaches his hands. Guarantee all that you 
undertake. If you feel not justified in guaranteeing 
an article, say so, but offer to do the best possible. 

WINE AND SPIRIT MERCHANTS 

Under no eircumstancos may a Bhopkee{)cr sell 
excisable liquors for consumption on the premises, 
but the trade for consumption off ” is oonsiderable 
and growing. Legally, the conditions are very 
similar to those of the licensed victualler |see page 
3734], except that the minimum and maximum 
quantities of sales ore subject to control. 

The business of the wine and spirit merchant is 
usually purely a matter of buying and selling 
nroprietarv goods supplied by the dealers. But 
little bottling is done by the merchants, becau e 
public consumption, as a rule, is confined to more 
or less well-known brands. A lower division of 
the busine.ss is that in which draught beer is sold. 

The wholesale side, which is outside the scope 
of these notes, as needing large capital and ex- 
perience, is represented by the wine and spirit 
dealers, who are frequently also licensed distillers 
and rectifiers of spirit. They sometimes enter the 
retail trade (or the retailer adds the wholesale 
business to his own), and have the privilege of 
exemption from the necessity of obtaining a justices’ 
licence for premises without intercommunication 
exclusively used for the sale of excisable liquors 
and other drinks. All others (except the favoured 
university chancellors, the vintners of the City of 
London, and the mayor and burgesses of St. Albans) 
must have a justices’ licence before an off ’* 
excise licence can be, granted. 
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Much information relative to the off-liecncc trade 
ifi given in articles on the Licensed Grocer [page 
3045], and on the Licensed Victnaller !page 3734], 
and they should be read in coiijiiiiction with the 
present "notes, 

£inployeeA. Employment in the trade does not 
offer very bright prospects. A start is usually made 
ns a boy or learner behind the counter in a large 
business, at from 5s. to 78. per week. When some 
knowledge of the articles dealt in, the different 
brands, their sources, etc., has been obtained, 
t ie ]>osition of counter hand at about £1 a week 
may be filled, until sufficient ex]>erienco has ijeen 
acquired to enable the embryo merchant to manage 
ih small off-licence, probably a branch. Brewers 
and dealers frequently run retail businesses under 
manager The remuneration will not l>e more than 
from 258. to 30s. a week, with a cojumiaskm on 
trade exceeding a fixed amount, subject to the 
rate of gross profit being maintained. House 
accommodation is generally given if the shop is 
not a lock-up one. 

An alternative, and perhaps letter, method of 
getting the knowledge and experione:? is by working 
up in the wholesale cellars. An enterprising man 
will get much information in regard to wines and 
spirits in bulk, bottling, and other processes, .so 
that he may proceed to the higher branch of the 
trade if o])portunitiea offer. He will lack the 
retail experience, but a smart man will be able to 
act as counter hand and soon makeup his deficiencies 
in this respect. 

Capital. More cash is required by the 
beginner in this trade thsui in the very similar trade 
of the licensed victualler. The system of tied 
houses does not prevail (except among some of the 
draught-beer businesses), and consequently brewers 
and distillers do not often assist the licensed shop- 
keeper, the trade, moreover, not being so great a 
weoiirity nor the goodwill so valuable as in tlie 
<saso of the publican. Another important reason is 
hat the trade is largely credit, and a considerable 
troportion of the capital will always l>e represented 

r book d^bts. 

A moilerate-sized suburban business, the trade 
of which, when well worked, should amount to 
about £50 a week, may lie taken us an example of 
the type for the ^ginner. The lease, fixtures, and 
goodwill of such a business would l)e ^mrehasod for 
from £300 to £350. A busines.^ of this character 
and price may h I ve been somewhat neglected. It 
^i^oula hardly be possible to buy at this figure if 
it wore actually turning over £50 weekly, but it 
should be possible, by pushmg the trade, to bring it 
quickly up to the £50. If the actual turnover be 
leas than £26 or £30, the business is hardly likely to 
prove a good investment, even for the purchaser 
of the type we assume — a man of energy, ability, 
and enterprise. 

Fixtures, fittings, and trade utensils will account 
for from £60 to £76 of the capital. The value of 
the lease will vary according to its age and the 
rental value. The “ oflf ” trade is not so jDersonal 
as the “ on,*’ so the coodwill is less costly. 

The remainder of the total capital of about 
£1,000 which will be necessary for this type of 
business will be represented W stock ana the 
book debts above refrrred to. Unless a consider- 
able amount of cash is at the retailer’s disposal he 
wiU lose the discounts obtained bjr buying in large 
quantities, particularly spirits, whksh represent the 
greater proportion of his profits. 

For h^her-pdoed businesses it is' simply a case 
of multiplication. As ^ey get bigger the capital 


required ri*k;s in fairly exact proportion, up to as 
much as £20,000, when the merchant usually 
becomes a dealer and licensed rectifier. With 
regard to entirely new businesses, remarks similar 
to those made in resj)ect to publicans apply, the 
difficulty being to get m agist rate.s to grant new 
licences. 

The Shop. The most profitable class of small 
business in this trade is that afforded by a shop in 
a suburb with houses of the average, or middle- 
class type. There will be no draught l>cer trade 
in such a business. The usual site conditions for 
business success apply. The site should bo in a 
main, or other husj^ road, and preferably at a 
corner for display ])urposes. The ideal shop would 
be double frotited, and have a side entrance for a 
hand-cart or truck, and for direct access to the 
roofed outhouse storing accommodation, which is 
most useful for em]>lies, crates, etc., but which 
rarely exists, however. 

The shoj) should bo lofty and w'dl ventilated, so 
that the atmosphere may be as free as |>os8ible frtxn 
the varied odours peculiar to the wine merchant’s 
mixed stock. It must not, however, Ik; draughty 
or cold, or the shop stock will be affected, as ex- 
plained in the two previous articles, in regard to 
te!iqK;ratiu*e conditions. A lock-up shop will be 
cheap, and there will Ik; no rates on high business 
premises assessments to ]>ay, as these arc discharged 
by the owner or house occupier. A railway arch 
is frequently available for a lock-up sho]), and is 
cheap, but is not to be recommended, for some 
reasons which are obvious. A sliop with a house 
is more usual, and is provided for in the capital 
here estimated. The offices of the broker are 
almost as indis^>onsable as in the case of the 
licensed victualler, and the remarks made in regard 
thereto apply equally here. 

Fittings. The lixiuies ani fittings should 
include plenty of shelves and hin.s, a good counter, 
window fittings, and a hand truck. Beer-engines 
will be an extra expense. The window should be of 
the cased, airtight pattern, for, apart from artistic 
cobwebs, a display is spoilt if the bottles get dusty. 
The shelves, pyramids, and stands should he adapt- 
able and not fixed, for the window display will be 
of little value if it is not possible to change it some- 
what frequently and push different lines in turn. 

In the shop there should be good counter space 
and plenty of shelving and bins. Bottles of wine 
are laid in alternate horizontal layers, the first 
bottoms outward, and the next necks outward. 
Beer must be kept standing upright for sediment 
to deposit. Spirits ore also usually kept upright. 

A cellar will, of course, be advisable for casks, 
and necessary if draught beer is sold. Cellar hints 
and stocking conditions have been previously given. 

The Retailer’s U^eaces. The principles 
on which licences are applied for and obtained have 
been fully described in the two preceding articles. 
It is to be noted that by the 1902 . Act the 
justices’ discretion in regard to grim ting new 
retail off-licences is absolute, and this also applies ’ 
to the renewal of off-licences granted after June 25, 
1902. This is in considerable contrast with the 
licensed victualler, who may be refused his licence 
only on one or more of four speeified grounds, md 
on compensation. 

The wine and spirit merchant may sell his goods 
under various justices* and excise- licences, Wiqe 
is sold by retell under an off-licence granted to shop- 
keepers iind^ the Refreshment Houses Act (cost^ 
£2 lOs., expiring April I), but onlv in reputed pints 
and quarts ana less than 2 gafions or 1 doxen 
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quarts at a time. This includes awTeis. The owner 
of the wine-dealers’ licence (cost, £10 10s.) may sell 
any quantity of wines or sweets. The off sale of 
beer is licensed to householders under the Wine 
and Beer Acts (cost, £1 5b.). The beer and wine 
retail off-licence {£S) is a combine^ licence. 
Spirits for off-consumption are sold in Scotland 
and Ireland under what are called “ grocers* *’ and 
“ spirit-grocers’ ” licences (cost, Scotland, from 
£4 4s. to £13 13s., and, Ireland, £9 ISs. 5d. to 
£14 6s, 7d. respectively. In England it is necessary 
first to take out the spirit-dealers’ licence (£10 10s.), 
and then the additional licences to retail off, 
liqueurs (£2 2s.) or spirits and liqueurs (£3 3 b.). 

Legal Conditions. As has been ])rev ously 
indicated, the way of the licensed vendor of intoxi- 
cants is by no means easy, nor his legal path 
straight. Heavy penalties await the off-retailer 
in many directions if he commit an illegality, by 
overstepping the limits of his licences, or his selling 
hours, by permitting drinking on the premises or 
highway adjoining, or by allowing his goods to 
come under the oi)erations of the Sale of Food and 
Drugs or Merchandise Marks Acts. Care is especially 
neeoed to ensure that the sale of excisable liquors 
takes place on licensed xiremises “ within the mean- 
ing of the Act.” 

The holder of an off-licence who accepts orders 
for beer given to his carman at customers’ own 
houses, the beer being then delivered at the door 
and payment received there, can be convicted of 
selling liquor at an unautliorised place, unless the 
specific goods supplied are appropriated to the 
order at the licensed premises. For there is no 
sale in law while it is uncertain to what particular 
articles the contract applies. If the order is 
received and accepted at the shop and the goods 
there appropriated, the sale is on licensed premises, 
although delivery and payment are at the customer’s 
house. Taking orders without an excise licence — 
for instance, at an unlicensed branch to be executed 
at licensed premises — is illegal, except in the case 
of bona fide travellers. A f^h licence is required 
for each sot of premises. 

Profits. Since the trade consists so largely 
of bottled goods of proprietary origin, it follows 
that price-cutting is rampant and x)rofit8 reduced 
to a limit. People will only drink what they know 
— til 1 1 is, what is well advertised. Price- protection 
agreements are, however, now required and enforced 
by the manufacturers of several branded goods. 

The average gross profit, calculated on the 
turnover, will not be more than 15 per cent. It 
may be a little more with a draught beer trade. 
Even these profits are possible only if the merchant 
is in a position to buy lar^ly in order to get full 
discounts. An example (ff these discounts may 
be taken. Proprietary articles should be bought 
from the makers and in gross lots. Many of the 
proprietary Scotch whiskies in demand, selling at 
428. per dozen, cost 368. Off this, for a gross order. 
Is. a dozen will be allowed ; if delivery is within, 
say, a ten-mile radius (London), so that the goods 


may be delivered loose in baskets instead of packed 
in cases, a discount of from Is, to 28. will be given ; 
and then a further allowance of Is. per dozen 
for bottles returned. The cost is thus reduced 
to from 328, to 33a. M’his is entirely dependent, 
however, on cash payments — within a* month or so. 

WorKing the Business. We have 
assumed a business affording scope for development 
and a man of the requisite capability and oner 
8iich a business is to be worked up only by energcv 
careful and well thought out canvassing. Th 
owner of the business must himself, if, as is prob- 
able, his staff is insufficient, spend a part of each day 
going out to get orders in the neighbourhood. He 
must, of course, be careful not to hawk any goods ; 
the xx>naltiea are heavy. 

rircularising is of considerable assistance, but 
it must be pro])erly done, not loo promiscuously. 
It is most effective when it takes tlio form of a 
w'ell got-up uricc list, personally addressed. The 
list need not be costly, but it should be well printed 
(without expensive half-tone blocks) and well 
arranged, so that reference is easy. An imx)ortnnt 
j)oint is the perfection of methods of delivery. The 
larger proportion of the business will bo orders for 
delivery. Two boys at 5s. or Os. per week should 
bo emx>loyed for truck delivery, so that promptness 
and reliability may be ensured. Can' should betaken 
that the delivery i.s not at such ineonvemient t lues 
as meal-times, late .at night, or on Sunday mornings. 

JioUles not returned by customers represents 
one of the largest .sourees of loss in the trade. 
Frequently eustom(?ra cannot be charged for these 
empties, and the retailer has to be content with 
the loss. Beer bottles not returned to a wholesaler 
are always charged to the retailer’s account. 
Aerated water bottles are not so charged, the 
manufacturer in Ion Ion getting back liis lx>ttles 
by means of a special bottle clearing-house. In 
the case of wine ami spirit empties, non-return 
usually means the loss of the return allow. me ‘. 
All goods delivered on order should Ijo accom- 
panied by a delivery-slip stating clearly the number 
of bottles, etc., sent out and returned. This is 
made out in duplicate from a book for the xmrx) 08 e, 
one slip l)eing sent to the customer as a delivery 
note, and the other filed. Deliveries and returns 
are cheeked, and then entered to the a})propriate 
accounts in a specially ruled ledj^or. The sjxjcimen 
ruling for such a 8|)ecial ledger given here combines 
the empties and cash accounts particulars in a 
comprehensive but simple form, and obviates the 
necessity for keeping separate sets of books. On 
the debtor side of th? account entries in one or 
more of five columns give part'culars of the goods 
supplied, their price being entered in the cash 
columns. The credit side shows empties returned 
and cash paid. 

It is a good plan to allow the delivery boys a 
small poroentaTO on empties collected, and also to 
fine them for breakages. Much wosta^ is caused 
by breaking, which would be avoided by careful 
stocking methods. 


Or. 




Mr. JOHN JONES. 4S, QvKBin'it Roah. Prcrbam. 
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to ensure that it may not be overloaded and cracked. 
The ends of girders are very usually laid on a lead or 
thiok felt seating [3]. 

For example, supposing one epd of a loaded girder 
exerts a pressure of 25 tons on a wall, that the stone 
of wliich the template is made may be safely loaded 
to the extent of 20 tons i^er foot sujwr, and tfmt the 
brickwork may be safely loaded l-o he extent of 7 
tons to the foot super. The area of the flango resting 
on the emplate (hust equal 1{ superficial feet, 
so that if the width of the flange is 15 in. it must 
rest for at least 12 in. of its length on the template. 
The area of wall over which the template must dis- 
tribute the load o ua's V* 3*57 ft. The shape of it 
will depend on the thickness of the supporting wall, 
if this were 18 in. tl.i k, the length would have to be 
nearly 2 ft. 6 in. If the end of a girder rests on a 
stanch on or column instead of on a brick wall no 
.template is required, as the area of the head ism \de 
ample to receive the load, and the girder is often 
secured to the stanch'on by bolts and nuts [4]. 
When this is done the holes should in e\e y case 
where the girder is liable to exp;»nsion and con- 
traction with changes of temi)erature be in the 
form of slots to allow of a slight movement. 

Putting Together Roof Principals. 
In dealing with roof principals, these are usually 
delivered in separate pieces, as they are loo cum- 
bersome to move by road when put together. 
It is usual to form a platform of scaffold boards 
at or about the roof level, n 1 on thi > these principals 
can be put together ; they will have been previously 
fitted up at the manufacturer’s yard, and should 
bo refi led with li tie difficulty, but some small 
adjustments may have to l)o made, ‘ and some- 
times additional holes drilled to ensure the work 
coming together perfectly. 

The principals are put together in a horizontal 
])osition on the platform described, and are then 
hoisted into a vertical position and lodged on the 
templates jireparod for them. In preparing the 
templates allowance must bo made not only for the 
weight of the principal and the roof it carries, but 
for the possibility of a heavy load of snow and the 
effect of wind pressure. 

The foot of each end of the principal is very often 
seemed to the wall by means of holding-down bolts 
and an anchor plat© built in at a lower level [6]. 
These are similar to those described for the bases 
of stanchions ; the plate is built in by the brick- 
layer, and the wall is constructed with the 
holding-down bolts, which are brought up in the 
thickness of the wall, passed through the template 
and the foot of the principal, and the end provided 
with a sciew for the nut. 

Fitting Purlins. The purlins, in the case of 
roofs with iron principals, may be of either iron or 
^ood [6J ; the former are generally bolted to the back 
of t^e principal, but wood purlins are fixed with bolts 
or screws to iron chairs bolted or rivet3d to the prin- 
cipal, and taking the place of cleats in an ordinary 
timber trues. Brackets may also bo required, bolted 
to the head of the truss to support the ridge piece. 

Ironwork to Timber Roofa. Most 
timber roofs depend — partly, at least-^n fastenings 
provided by the smith. These consist of bolts or 
straps of various forms, for strengthening the joints 
between adjoining timbers, and in some cases 
shoes and heads are also required. 

The fastening between the tie-beam and principal 
rafter is best made with a stirrup st^ap [^and the 
particulars must bo supplied to the smw by the 
carpenter. The strap is of wrought iron, which 
should be ductile, and capable of tearing a tensile 
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strain of 20 tons per square inch ; it passes round 
the tie-beam, and is broad and fiat ; the size depends 
on that of the roof. At each end of the strap a bolt 
with a tapped end is forged on, so that when in position 
these two ends will stand up beyond the back of 
the principal rafter. To ensure a true bearing for 
the strap, when it is not desired to cut the timber 
of the tie-beam, a bearing plate of iron is formed, 
which is secured to the under side of the tie beam by 
spikes, and may have the end turned up and let 
into the under side. 

A hack or cover plate is provided with two pa’ fora- 
tiona ; this rests on the back of the principal, and the 
perforations allow the ends of the strap to pass 
through, and these are tightened up with nuts. 
'J’he strap is very often placed at right angles to the 
slope of the principal rafter, but may be inclined at 
an angle to it, and pass round the heel of it, which 
must be cut, and this will require the bearing plate 
to bo at a difierent angle. 

Another method of fixing such a stirrup strap is 
to pass the loop round the heel of the rafter and 
to secure the two ends by a bolt p.assed through 
them and tlie tie-beam, but this docs not permit of 
tightening uj) the straj) should the necessity arise. 

For small trusses a strap is sometimes dispensed 
with, and a bolt used ; in this case, as the two 
Ixiaring surfaces are not parallel, a bevelled washer 
must be provided on the imdter side of the tie-beam, 
against which the nut can be screwed. 

Ironwork at Foot and Head of King 
Post. A somewhat similar straj) is provided for 
fastening the tie-beam and king or queen post. In 
this case an enlarged head is formed at each end 
of the strap, and a slot is formed in this ; irons, 
termed gibs, are provided and j)laced at each end of 
the slot. These secure the strap close to the post 
on each side, and give a level bearing for the iron 
keys or coUertt, which are driven in to draw up the 
strap and the tie-beam it carries [7]. 

Straps are also required at the head of the post 
to unite the post with the timbers butting against 
it at this point. These straps are made in two 
parts, identical in form, and are placed one on eaah 
tide of the timbers, and bolted together by bolts 
passing through holes provided for them in the 
straps and in the timbers, and secured with nuts f8]. 

Any bolt-head or nut that beai^s against a timber 
surface must be provided Mith a washer — that is, a 
stout plate of iron, generally circular, with a per- 
foration for the bolt. This is placed between the 
timber and the head or nut, to increase the bearing 
surface, and to avoid damaging the fibres of the 
timber. When the roof is exposed to view the edges 
of these washers may be ornamentally cut and 
slightly raised for the sake of appearance. 

Straps are also often required in collar beam 
roofs to secure the collar to the principal rafters, 
and this takes the form of a stirrup strap placed 
horizontally round the back of the principal, and 
bolted to the collar with bolts and nuts. 

All straps and bolts used with timber work require 
protection against corrosion. One method fre- 
quently adopted is to heat the metal to a blue heat 
and dip it in linseed oil, or dash the oil over it if 
dipping is inconvenient. All such ironwork should, 
however, be painted with two coats of oil colour 
before fixing, and should be painted periodically. 

Bimilar stra^ to those described for roofs are 
often employed in framed partitions; but where 
bolts can be projierly used for securing joints in 
partitions, this is preferable, as projections on the 
face of the timb^ interfere somewhat with the 
plastering. 
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Rodf«l»fTillllmv^ildi[roii. In compound 
roofs, formed partly of timber and partly of iron, the 
tonsional members are of iron or ste«l; those in 
compression of wood. In some examples only the 
king or queen posts are replaced by bolts, and the 
tie*l^m is left of wood. In the first class of roof 
a cast-iron head must be provided wilb sockets to 
receive the ends of the principal rafters, which are 
housed into them, and through the he^ an iron 
bolt is passed provided with a head at the top, 
and the lower end is taken through a perforation 
in the tie-beam and provided with a nut and washer. 

If the tie-beam is replaced with a rod a cast-iron 
shoe is also required for the foot of the rafter, which 
is housed to it, and the rod itself is passed through 
the shoe [9]. 

These various iron fittings vary somewhat in form 
with the pitch of tlie roof, and in size according to 
the span of it and the strength required ; but they 
include the principal fastenings used in timber and 
composite roofs, and the illustration referred to 
gives examples of the forms described. 

Ironwork Used with Timber Beams. 

Iron plates, termed fish flateaf are sometimes 
required when two timbers nave to be united end 
to end [10]; they are flat plates, the same width as the 
timber, and the tensile strength of the upper and 
lower plates together must equal that of the timbers 
they unite. The two plates are perforated with 
boles exactly corresponding with perforations in the 
timbers, and bolts with nuts and washers are used for 
uniting them. Tne two ends of the plates may be 
bent down, and let for a short distance Into the 
substance of the beams. 

Similar bolts, provided with nuts and washers, 
are required for uniting the timbers of a built-up 
brassumer, and are passed through from side to side, 
so as to unite the timbers ; in some cases an iron 
or steel plate, or flitcK is inserted between the timbers 
and bolted in with them [11]. The flitch is usually 
about i in. less in depth than the brossunier, and 
the thickness is from one-tenth to one-twelfth the 
total width of the bressumer, while the length 
corresponds with that of the timbers. 

Beams may be considerably stiffened when the 
bearing is long by the use of iron rods, forming a 
truss below the level of the beam [12]. A cast-iron 
shoe is provided at each end of the beam, or the end is 
cut in a plane at right angles to the tie-rod, and a 
strong plate fitted over it. A cast-iron strut, or 
f$anger, is fixed centrally under the beam, or some- 
times two are provided, so as to give two points of 
support. Holes ore carefully bored through the 
beam, and the tie-rod is passed through the per- 
foration and under the hanger, provided with screwed 
ends, and tightened up with nuts. The depth of the 
trussing is usually about one-eighth of the length of 
the beam. 

Raln«water Gutters. Almost all roofs that 
are formed with eaves are supplied with cast-iron 
gutters, fixed below the bottom course of slates or 
tiles, to receive the water that comes off the roof and 
to convey it from the level of the roof to the ground 
level, or to some receptacle by means of cast-iron 
pipes. Such gutters are made in a mat variety of 
sections. The sim plest is that of a half-round channel 
[15] ; each length is formed with a half socket at one 
end to receive the end of the next channel, and liiis and 
other forms of gutter can be obtained either in straight 
pieces of various lengths or in the form of short l^nt 
channels where it is necessary to carry ^pipe round 
an angle. Where a gutter is required to ^Pon circular 
work it very usually has to be specifdly oast to 
fit the curve, whereas the bends necessary for many 
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regular angles, such as those of a hexagon or octagon, 
as well as right angle bends, may usually be ob- 
tained from stock. < ^ 

The end of any length of gutter must be provided 
with a solid stopped, end — tlmt is, one with a vertical 
end cast in one meoe with tho gutter.* Sometimes 
attempts are made to close the end of an ordinary 
channel with a block of wood bedded m red-lead, 
but such an end cannot be relied bn for long. 

Where an outlet is required, this is oast solidly 
with a short length of guttei, and stands below the 
sole of the gutter for three or four inches, to deliver 
the water into on open rain-water head [14], or into 
a rain-water pipe, sometimes called a stack pipe, or 
down-pipe. 

Various Sections of Gutters. Another 
suitable form of gutter is an ogee moulded gutter, 
which has a straight back, ana the front moulded 
in ogee form [18]. A great variety of other forms of 
moulded eaves gutters are made which vary in 
outline and in size, and which are adapted for use 
with various styles of architecture. For all such 
gutters stopped ends, outlets, sockets for jointing, 
and angle pieces can be obtained. Gutters may 
also be made to special design where it is preferred, 
but this requires additional time, as a mould must 
be mode before the gutter can be cast, and the cost 
is increased by the necessity for those special 
moulds. Most gutters can be obtained in two or 
more sizes of the same profile, and many gutters 
are also oast in at least two weights, heavy and 
extra heavy, 

Ral|i-water Heads... Kaip-wator heads [14] 

are usually designed to be somewhat ornamental 
in character. The upper end is of considerable 
area, so that, if necessary, two or more pipes may 
discharge into it, while the outlet is contracted to 
the size of the rain-water pipe above which it is 
placed. The plan of such a head may be semi- 
circular, rectangular, or polygonal, and the surface 
is usually moulded, and sometimes enriched. 

Rain-water Pipes. The pipes that con- 
vey the water down from the head or gutter to the 
water-butt or gully may be either circular or rect- 
angular on plan, and may be obtained in various sizes 
in both forms, and either plain or enriched. Tho upper 
end of each j^ipe is provided with a socket to receive 
the spigot end of the pipe above, and two small 
groups of mouldings are formed, one at the top, 
the other near the lower edge of the socket. Small 
pipes have projections cast on each side which 
are termed cars, and ore used for fixing the pipes 
to the wall face by means of spikes, much as tacks 
are used on lead pipes. Larger pipes are usually 
provided with loose ears, which fit round the socket 
between the upper and lower band of mouldings ; 
these are often of a very ornamental character, as 
are also the heads of the spikes used for fixing them. 

Where a projection occurs in a wall it must 
either be interrupted to permit of the pipe passing. 
Of the pipe is provided with a hend so as to take it past 
the moulding. This ^ould be made with an easy bend 
1 16] ; such a bend is also useful where a verlacal pipe 
has to pass in front of a horizontal one. If there is an 
offset on the wall, an offset must be provided for the 
pipe, and at the foot of the pipe there is very usually 
a projecting shoe [14], to deliver the water clear of the 
walls ; the pipe ma^ discharge over an open gully 
trap, and this plan is generally adopted with B<}uare 
pipes, or, if round, it mav be connected up wi^ a 
back or side inlet of a gull^. 

Various b^ds are required oeoasionally in pipes, 
though it is desirable to run them in as nearly true 
vertical lines as possible. Many of these bend% 
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<)ll8ets, and whoes nre kept in stork, but some of 
them have usually to be specially manufactured. 

Fixing Gutters. The joints between' huc- 
(^essive lengths are usually made in red-lead, and the 
joint is secured with small bolts and nuts [17 J. There, 
are various ways of securing the gutter in its 
proper position, and in doing this it is desirable 
to arrange that the gutters shall not be fixed in a 
truly horizontal position, but in an inclined one, so 
as to secure a slight fall in the sole of the gutter to- 
wards the outlet or outlets. 

Where the roof is not provided with a fascia, 
wrought-lr on brackets are forged with a twist in them; 
the lower end of each bracket is shaped to receive the 
gutter, and the upper end is perforated for screws, by 
which it is fixed to the side of one of the rafters [IgJ. 
In tills, and in all other positions, where screws are 
used for fixing such piping, they should be of biass, as 
those will not rust as iron screws do, and it is of the 
utmost importance to secure efficiently and perman- 
ently the heavy gutters that are often used. This 
form of bracket is very generally adopted whore half- 
round gutters are used, and readily allows of the 
necessary adjustment during fixing to supply the 
fall. Another form of bracket which is adopt^ for 
cither a round or flat-soled gutter is an adaptation 
of the form known as a gaUom bracket^ with a 
vertical back, horizontal top, and inclined stay or 
brace, oi‘ a simple curved bracket [16] may be em- 
ployed. Such brackets are secured to the face of the 


wall, and may have a distinctly ornamental character 
given to them. Either of these give a secure and 
permanent fixing, as they give direct support tr» 
the gutter. A very usual method where a fascia board 
is provided is to secure the gutter to the fascia with 
strong tH'Tows, which should be of brass [18 j. This 
is a cheap and easy method of fixing, but the security 
of the gutter depends wholly on the screws, and if 
they rust, as iron screws are apt to do, the heavy iron 
gutter may tear itself away and fall with disastrous 
results. 

Bedding Iron Gutlero* One of the safest 
methods of fixing such a gutter is to bed it solidly 
in a horizontal projecting course of stone or brick- 
work [17], or on the top of the wall ; but this treatment 
is possible only with certain classes of buildings, and 
has some drawbacks. These are mainly that it is 
difficult to give any appreciable fall to the sole of 
the gutter, and if the outlet becomes blocked, and 
the gutter overflows, there is a great risk of water 
finding its way into the heart of the wall, or at least 
streaming down the face of it instead of falling clear. 

Fixing Heads and Pipes. The rain-water 
head, like the pipes, is provided with ears cast on [14] ; 
it is fixed by spikes driven into the wall, or, if it should 
come against timber framing, by screws, and the 
outlet in the. gutter must be arranged to come over 
it, and discharge into it. If the pipe receives the 
discharge only from a single outlet, a head is not essen- 
tial, but the outlet of the gutter may be connected to 
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the socket of the top either * directly, if it 

comes v^ticiilly over it, or Tby means of a bent pipe, 
termed a Bwan-ntck [18], if it overhangs the face of the 
wall considerably'. 

The rain-water pipe is fixed by spikes in the same 
way driven through the ears into the joints of the 
walling. In some cases, to facilitate the painting 
of such pipes aJl round, hard wo^ blocks are fixed 
in the walls, and the pipes are fixed to those with 
screws, and stand clear of the walls [14]. Pipes can 
also be obtained made with a broad hook cast on to 
the pipe socket, which fits into a special form of 
socket fixed to the wall face. 

In a great deal of work the pipes are merely fitted 
together, the end of one pipe ming dropped into the 
socket of the next, but the joints are lejPt open. They 
may, however, bo made good with tow and red-lead. 
Pipes may be obtained with sockets oast on to receive 
branch pipes from either side [18] ; but where another 
rain-water pipe has to be brought in, or the water 
from a bath or lavatory, the more usual method 
is to stop the main pipe, and insert a head to receive 
the water from the uppr pipe, and also that from 
any additional pipes discharging into the head. 

Protecting Outlets and Pipes. It is 

important to protect both the gutter outlets and 
the heads, os far as possible, from the risk of leaves 
(tolleoting or of birds building nests, which would 
block the outlets; in the case of gutter outlets this 
is done by placing a dome of galvanised iron or 
copper wire over the outlet [81 page 6627] ; this 
dome is providcjd with three or four long, pro- 
jecting ends which fit into the outlet and keiep it in 

K )sitiou, as it is not desirable to fix it permanently. 

ain- water heads are best covered over with 
small mesh wire covers. 

The method of jointing heavy iron soil pipes 
has already been described (see page 
It is necessary for the protection of the iron 
that the surfaces should he protected by paint 
[see Painting], and that in the case of heads and 
gutters both the internal and external surfaces 
should be so protected. This is not possible in 
the case of the pipes, os their diameter is too small 
to allow of access to the interior, but such pipes 
may be protected by dipping them after heating into 
Dr. Angus Smith’s solution ( see pages 737 a|^d 6320], 
which forms a protective coat both inside and out. 
This gives the pipe a somewhat ugly appearance, as it 
is nearly black and will not readily take paint, but 
may be made to do so if a coat of knotting [see 
Painting] is first applied. 

Ornamental Ironwork. Ornamental iron- 
work is employed for many purposes. It is some- 
t4mes added piurely as an ornamental feature; 
in other cases some necessary object is given Bn 
ornamental character whore its position is promi- 
nent It is not possible to describe fully the in- 
finite variety of uses and forms in which such iron- 
work may be utilised, and however elaborate the 
work may be in design, the details of its construc- 
tion are in most cases really simple. The various 
elements of any design in wrought ironwork are 
first forged by the smith into the required 8haT)e ; 
these may be formed from lengths of square, flat, 
or round iron, and may be merely bent to various 
shapes, or may, in addition, be flattened out and 
formed into scrolls, or may be hammed out 
into leaves and other decorative forms. The 
various members that make up a complete design 
may be united to each other by being welded 
together, or may be secured by bands of iron 
fastened round two or more pieces [19], or by means of 
short screws for which threaded sockets are formed 
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in -the ironwoi k,' or n l>ar may-be passed.through a 
socket in a mil j»rep«red for* it. 

When the work is of.^a delicate character it 
must be strengthened by some form of framed iron 
which will bind the whole together and afford the 
means of fixing it. In the case of an ornamental 
panel this may consist of an enclosing frame 
within which the more delicate .work is contained 
and which can itself be attached ,to the surrounding 
material, whetlier it be of stone, brick, terra cotta 
or w'ood. In other cases strong standards or rails 
mav be provided at intervals to impart stiffness 
and the means of fixing. 

Iron Finialn. As examples of ironwork 
employed for purely ornamental purposes the 
wrought iron finials that are frequently used to 
terminate the ridge of a roof or the apex of a turret 
may bo mentioned ; these are designed to give 
a finish to the roof, and in most cases nave no other 
object. They may be comparatively simple or 
extremely elaborate, depending on the character 
of the building, and one at least may be treated 
as a weather vane [20]. They are prepared by the 
smith and ore fixed to a post framed to the ridge 
and carried down in the roof for some distance, and 
the lower end secured. The post has a hole bored 
through it ; this extends from the toj) to the bottom 
if it is a short post, or if long, for a length of, say, 6 ft. 
to 10 ft. ; the finial has an iron rod extending below 
the base, and this is passed down through the 
perforation and secured with a nut at the lower 
end. Straps are also provided, three or four in 
number, but much shorter,' and these extend down 
the outside of the post and are fastened to it by 
screws or by one or more iron bands enoiroling the 
post. Such finials may form isolated objects or 
may be coimeoted with a continuous wrought iron 
cresting, where the roof has a long ridge. 

For the most part, however, wrought iron is used 
in connection with building, for purposes in which 
utility is the primary reason for its selection : 
the facility with which it can be manipulated by a 
skilled craftsman, and the permanent character 
of the work if properly protected from the action of 
the weather, render such work eminently suitable 
for ornamental treatment. 

Iron Grilles. One very usual example 
of such use of ironwork is the use of protecting 
screens or grilles. These may be required to be 
very strong and heavy in the case of external window 
ojienings, or they may lie comparatively slight, for 
instance, in the case of a lift enclosure ; but in both 
cases it is quite possible and usual to make such 
necessary objects ornamental. On the other hand, 
they may be perfectly plain and purely utilitarian 
in character. The simplest form of protection to 
an external* window is arrived at by providing a 
series of square or round iron bars set vertically so 
close together that it is impossible for even a boy 
to pass between them [26]. If the opening has a 
stone sill, the lower end of each bar may be let into 
the sill, but the other end must be passed through 
a flat iron bar fixed to the jamb of the opening, 
and in manv cases the lower end is fixed in the same 
way, and if the opening is tall, intermediate bars 
are required to stiffen the uprights. Such a frame 
as described answers every requirement so far as 
utility is concerned, but can in no sense be considered 
ornamental ; but a comparatively small amount of 
additional labotu^ may convert it into an object of 
beauty. The eikls of the vertical bars may be bent 
and forged into ornamental fmrms : the them* 
A ves may be twisted and the horizontal bars notched, 
^d other purely ornamental features may be added. 
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Fbdttf IronworK to Stone and SrioK. 

There are various methods of fixing such a grille 
into the surrounding materialM, depending on the 
nature of the material in which the iron is fixed 
and its position. In the case of stonework, n 
mortise is cut into the stone and the end of the bar 
or rail is insetted into it. If a rail has to he fixed 
, between two jambs, one of the mortises must be* 
(»ut deep enough to allow of the rail, which is, say, 
2 in. wider than the opening, being passed into it 
far enough to allow of the other ena being intro- 
duced between the jambs and then inserted in its 
morti<«e. For work not exposed to weather, the 
mortiFe may be run in with molten load, but for 
external work cement is better. Where the ends 
of rails are let into brick jambs, mortices must b4* 
prepared and the ends of the rails made fast to 
them in cement. Whore such protection is re- 
(|uired to be fixed to wood frames the ends of the 
rails may be turned u]i or down and pei*forated 
and countersunk for 8(?rews. 

The method of fixing iron grilles in window 
openings applies to a great deal of other Ironwork 
used in connection with building operations, such as 
enclosing rails to areas and similar positions let 
into stone copings and the newels and balusterfT of 
plain or ornamental iron balustrades to stone 
staircases I'fifi]. In the case of objects of a highly 
c)mamental chara(der that come near the level of 
the eye and in which the method of fixing would lx* 
unsigh+ly this may be concealed by the use of a. 
separate^ base, ornamental in character, with a 
)>erforation in the centre so that it will slide up the 
standard for a short distance dming the operation 
of fixing and may be? afterwards returned to the* 
bottom so as to cover the leadwork [22 J. 

Strap Hinges and Pivots, The pivots 
for the strap hinges of heavy gates and doors, 
whore they are hung direct to brick or atone jambs 
without any wood frame, arc usually secured to 
blocks of stone, termed hook stoned. The pivots are 
formed with long, rough fangs of iron behind the 
carefully finished pin, and the surface of the atone 
hAs ainkings cjut in it to i*eceivci these [21 ] ; after they 
are in position they are nm with lead, which fixes 
the ironwork in the stone, and the latter may after- 
Wiirds bo built into the wall leaving the pin ])ro- 
jeeting. The hinges themselves are usually of 
the form knoum as strap hinges^ in which a lirood 
plate of iron of considerable len^h is carried across 
the door on one face and sometimes on both, and 
Imlted to it with short bolts ])assing through both 
the hinge and the framing of the door [28]. These 
hinges may be of an exceedingly ornamental 
character, with hammered sc^roTls and other orna- 
mental work extending both above and below the 
strap itself and in some* crises designed to extend 
over a large portion of the surface of the door. 

Various Work in Wrought Iron. The 
uses of wrought iron in connection with building 
are numerous, and space will not allow of ii full de- 
scription of them, but a few may be briefly referred 
to, and those selected will be mainly those which have 
to be specially prepared for their situations. Iron ties 
are sometimes required for sustaining the walla of 
a house showing signs of failure. They are long rods, 
which are passed throi^h from side to side of the 
house, generally at a floor level, and have plates 
fixed outside the walls, through which the rods are 
passed. At one end the rod is perforated, and a steel 
key passed through to provide a bearing ; the other 
end is tapped, and has a nut. 

Chimney bars are short tie bars to prevent the 
jambs of a fireplace being thrust out by the arch, 


and arc camliered, or lient, so as to form a centre 
for the arch ; the ends are split and turned up and 
down for building in to the brickwork. There an* 
many other fittings that are made of WTOught 
iron by special makers for fixing in buildings such as 
wrought iron window casements and frames [27], iron 
doors and frames, jibs and hoists, boilers, cisterns, 
etc., but it is not possible to describe them in detail, 
and in most oases when fixing is required they may he 
secured much as already described for other fittings. 

Cast Ironwork, Cast iron, has its own special 
uses, but it may be used for many purposes 
for which wrought iron is better employed. It 
is chosen on the ^ound of cheapness, but as it is 
cast from a mould it is not, from the artistic ]^mtof 
view, so well ada])ted to work in which there is 
much repetition as wrought iron. Ix>t us con- 
sider, for example, the case of a long length of iron 
railing where each bay is of the same dc^i^ as every 
other. If the railing be of wrought iron, there will 
be slight differences in the curves and treatment 
evem of a repeating dcsimi, due to the labour of 
different workmen, which will lend variety and 
Iwauty to the whole ; but if the railing is cast, every 
bay will issue from the same mould, and will w 
identical and monotonous. On the other hand, the 
cast work will bo very much less costly than the 
wrought. 

There arc, however, many purposes for which 
east iron is pro}ierly and legitimately used in 
buildinv work, such as rainwater gutters and pij^, 
which liave been already referred to. Another 
direction in which cast iron is very largely used is 
for all kinds of ranges, and it is also very extensively 
used for many forms of fire stoves and grates, which 
are made in a great variety of designs, the l)e8t of 
wiiich are not only very serviceable for their purpo8«% 
but artistically good- 

Staircases, both cirtuilar and stpiare in plan, are 
readily constriictotl of steps formed of oast iron, 
and this material is larj^ly employed for various 
classes of fittings, esjiecially those used in connec 
tion with the fitting-up of stables and some sani- 
tary fittings, such as baths and small cisterns. 

Objects formed in cast iron which are similar to 
wrought iron ones are fixed in the same manner to 
either stone or brick, or to joinery. 

Wivdow frames for factory ouildings are often 
formed of cost iron, and are provided with projecting 
lugs for building into the brick walls, and are 
suodivided by vertical and horizontal bars [24r]. 

Cheqner jJates and gratings of various designs 
and sizes are formed of cast iron. The latter arc^ 
used both for covering channels containing hot- 
water pipes, and for admitting air to buildings 
througn openings formed in the walls. Coal plates 
and manhole covers are other examples of cast iron 
used in connection with building, but in almost all 
these examples the objects are made by sj^cial 
manufacturers and supplied to the builder ready for 
fixing. 

Gmsfitting. The work of the gasfittei* consists 
in providing and fixing the pipes which are to 
connect the gos-metcr with the various points 
tlu’oughout a building at which gas will bo required, 
and these points include not only those required for 
lighting the various rooms and passages, but in 
many cases the supply of gas to gas fires, cooking 
stoves, and rings, and, in some cases, to engines. 

The cost of the piping used in gasfitting is not 
very heavy, and it is advantageous to have the 
pipes amply largo ; there is always moisture 
present with gas, and corrosion takes place on the 
inside of the pipe, with the result that the bore 
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becomes reduced, end If, in the first place, it is only 
just adequate, the supply of gas is likely to become 
deficient. It also frequently happens that after 
the original fittingmp of a house is complete, a 
few additional points may be added from time 
to time to supply a ring or fire, and this is greatly 
facilitated if pipes are amply large. 

Capacity of Pipea. The number of lights 
that may be properly supplied by any pipe may be 
estimated as follows. Take the diameter of the 
bore — that is, the internal diameter of the pipe — in 
eighths of an inch, square the number, and if the 
length of the pipe is under 60 ft., divide the result 
by 2, or if over 60 ft., by 3 ; this will give the 
number of lights. Example: A f-in. pipe has a 
diameter of six-eighths, 6“ — 36, V — 18 lights, 
or V — 12 lights. In the case of gas fires, cooking 
apparatus, gas engines, etc., the size of the pipe 
required must be ascertained from the manu- 
facturers'. 

Meiers for registering the amount of gas used are 
generally hired from the company supplying the 
gas ; they may be bought by the consumer and 
fixed as his property, but for aomestic supplies the 
more usual course is to hire the meter. This is fixed 
inside the building at a point as close to the com- 

J iany’s main as iiossible, atnd no branch of any 
lind must be taxen from the pipe between the 
main and the meter. It should be fixed at some 
point where it is convenient for access, as the 
register on the front of the meter must bo read 
quarterly by the inspector ; a coal-cellar, though 
not infrequently used, is a most unsuitable plaee. 
Metess are of two kinds — dry and wet — and they 
are capable of supplyii^ a considerably larger 
number of lights than their nominal capacity, which 
may be from 1 light up to 1,000 lights. 

Connectln|[ to the Company*a Main. 
This conn^tion is made by the company's own work- 
men, but the ground is opened and the cost of the 
connection is borne by the builder or proprietor. An 
ii-on screw ferrule is used, and wrought-iron welded 
gas tubing is taken from the main to the building, 
and should be buried at least 2 ft. deep. At a con- 
venient point outside the pi'emisea a fullway brass 
stopcock is fixed in the run of pipe in an iron 
chamber bedded on concrete, and if the pij)e 
descends from the main to the building, a syphon 
box must be inserted on the house side of the stop- 
cock. This is also fixed below the around level, 
and is required for collecting any con<&n8ed liquids 
that may enter the pipe from tne mains. In many 
installations a self-acting governor is introduced. 
This regulates the ]>re88urc of the gas, which is apt 
to vary considerably in the mains at different times, 
and prevents gas passing through the meter at a 
pressure which will prevent its proper combustion, 
and thus allow of waste. Where a large amount of 
gas is burnt, the use of a governor may result in 
considerable economy. The connection to the meter 
is mode with a heavy lead pi|)e, and this is connected 
to the iron pipe with a brass union. The outlet from 
the meter has also a heavy lead pipe, and a fullway 
brass stopcock, and brass union to the service pipe to 
the building. The size of the pipe both to the 
inlet and outlet is regulated by the size of the 
meter. 

The Service Pipes. In all work nf an even 
moderately good quality, the pipes for conveying 
gas are made of wrought-iron welded tubing, with 
screwed connections and with elbows, bends, tees, 
nipples, reducing sockets, caps, and plugs for intro- 
ducing where required. The usual sizes of pipes are 
i in., } in., in., { in., 1 in., in., 1^ in., 1| in., 
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2 in., 21 in., 2^ in., 2| in., and 8 in., and the variont 
details above referred to are made to correspond. 

Composition pipes are laiso made of the following 
sizes — i in., W in., | in., A in., J in., ^ in., f in. 

I in., and 1 in., but they are us^ only for inferior 
work, and are a source of danger in a riouse. They 
are usually buried in the plaster of the wall, and are 
easily damaged ; for example, in hanging pictures 
nails may very easily be driven into them, leading 
to an escape of gas, and when carried in partitions 
or under floors, they may sometimes be attacked 
by rats with a similar result, and in such a case the 
source of leakage may be very difficult to detect. 
In the event of fire they are also liable to melt and 
allow an escape of gas, which may ignite. 

Running SarviceA. The presence of moisture 
in gas has ^eady been referr^ to, and this is a 
matter that affects the method of distribution in 
an important manner. The moisture is apt to con- 
dense inside the pipes, and unless it can pass out 
of the pipe water may gradually accumulate, and 
if at any point the pipe has a dip in it, it will collect 
in the lowest part and may partially or wholly 
block the pipe. This interferes with the passage of 
gas, and may load to the light jumping ; this occurs 
when the obstruction is sufficient to check the gas 
to such an extent that considerable pressiu*e is 
created behind the block. \Vhen this reaches a 
certain point it drives the water before it, and the 
gas passes on to the burner, which for a short while 
burns brightly ; but the water returns, creates a 
fresh obstruction, and the light liecomes dim, and 
this alternation continues at regular intervals till 
the water is withdrawn. 

All pipes, therefore, should, wherever iXMBsible, 
be laid so that there is no dip at any point, and it is 
desirable that in horizontal pipes there should be a 
slight uniform fall towards the vertical pipe from 
which the branch is taken, and thence towards the 
meter. This plan cannot be always observed, but 
if a pipe is bound to descend for some distance 
and then rise asain, thus forming a dip, an outlet 
should be provided at the lowest }x>int with a draw- 
off tap, so that the water, if it accumulates, can be 
drawn off. This tap should be fitted with a loose 
handle so thkt it cannot be tampered with. Where 
wall brackets are employed the supply pipe should, 
whenever possible, be brought up to them from 
the floor level, not down to them from the ceiling 
level. 

Branch Services. In many buildings it is 
convenient to divide the main service pipe very 
soon after it leaves the meter, and to arrange for 
the lighting of different sections of a building by 
inde^iendent services ; when this is done it is con- 
venient to provide each main service with a stop- 
cock BO that it can be shut off when required. 

The gasfitter usually runs his pipes before the 
walls are plastered : care must be taken to see that 
at all points to which fittings are afterwards to be 
attached, screw plugs are inserted in the open ends 
of the pipes ; otherwise the plasterer is certain to 
choke them wholly or partly with his materials. 

Fixing Pipes. The pipes are usually fixed with 
wall hooks against brick walls, and with iron or brass 
bands to woodwork. From many points of view it is . 
advantaj^ous to allow gospipes as well as water- 
pipes to be fixed on the finished surface of the plaster, 
as it facilitates the detection of any escape ; but 
the pipes with their screwed joints are somewhat 
unsightly even if painted. I’hey may, however, 
^ covers by a small pipe casing fixed with screws 
lior easy removal. In fixing the position of points 
to which fittings are to bo attached, careful 
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consideration must be given to the U 80 that i» to be is returned to its iioriUHl liositioii by a spring, 

made of the room and, where possible, to the probable A pendant pull is also used; for external doors 

arran^ment of the furniture. No gas bracket this may be of wrought iron or similar material; 

should be fixed so close under, a ceiling that it is for bed^rooms it usuiuly consists of a hanging cord 

likelv to be a source of daimer of fire, and any of worsted or silk, or a slide pull may be formed, 

bracket fixed nearer than 3 & below a ceiling or which is similar in its action, 

other woodwork should be fixed so that it cannot A straight pull-out is very commonly fixed to 

swing sideways, and should be protected by a brass external doors, the handle formed by a knob 

or metal bell suspended over it. surrounded by a dished or sunk plate, so that the 

Fittings. Oas fittings are not included in knob is protected from injury, and can be easily 
most building contracts. The usual fittings are di- gasped. Between the handle of the pull and the 

vided into two main classes-penefa^if/^/in^^, which bell on the boll- board it is essential there should 

suspended from the ceiling, and wall hrackeUi which be a continuous connection that is not liable to 
are fiixed against the wall. They are usually attached stretch. 

to the pipes by screw joints, but are provided with Bdl wire is usually drawn copper wire from 
a fian^ which may be screwed to wocsi bosses fixed No. IG to No. 10 B. W. G., and this should be 

to either the ceiling or wall. Pendants may be thoroughly stretched before fixing, as it is important 

either fixed or provided with a ball and socket that it should not stretch after it is fixed ; if the 

joint BO that they can be moved to one side and bell is to be efficient the wire must continue per- 

rotated if necessary ; they may be fitted with a fectly taut throughout its lengtlu It very rarely 

single light or with any larger number required, and happens, however, that the wire can be stretched 

»iro manufactured in an almost infinite variety of in a straight line between the pull and the bell ; 

design and price. where any change of direction is made this must be 

Brackets are also attached by screwed joints to done by means of a crank or awheel. The craiik [28] 

the pipe, and by means of flanges to wooden bosses. is a lever working on a pivot, and is generally 

and are termed stiff brackets when they consist of cast in brass, with two arms at different angles 

a single arm carrying the burner and are rigidly fixed corresponding with the direction of the two wires, 

to the wall, or slngle-Hwing or dovble-swing brackets In common work wires are run on the surface, a series 

when they are movable ; the latter are sometimes a of staples are fixed to the wall, through which they are 

source of danger if they are fixed within roach of any pas.sea ; but in better work they arc run in tubes 

inflammable substan^, as they may be swung so of galvanised iron, brass, or copjier buried in the 

close to it as to set it on fire. Fixed brackets may walls. Zinc is not suitable for such tubing as, if 

be an'anged, if necessary, for two or more lights. any moisture is present, a galvanic action may be 

and. like pendants, are made in a groat variety of set up between the two metals ; the moutn of 

designs and vary much in cost. ^ the tube may be lightly enlarged into a trumpet 

JM&ny brackets and j^endants are provided with form to prevent any chafing of the wire, 

a nozzle fitted with a tap to which a standard gas The Wheel and Chain, The drawback to 
lamp or a small gas ring or similar apparatus may the crank is that the end of either arm, when the 

bo attached by moans of a flexible indiarubbor or bell is pulled, does not move in a straight line, 

metal tube provided with a screw attachment at both but in me arc of a circle, and the end of the wire 

ends, one of which fits in to the nozzle and the atbiched to it, though it moves in the main lateiaily, 

other to the fitting. Except for such fittings has also a slight vertioal movement ; to avoid this 

which require only temporary attachment, india- a wheel arid diain [291 is substituted in good work, 

rubber tubing is not used for convoying gas. The wheels are of brass, with a grooved edge. 

Bell Han^ng, A few years ago mechanical juounted in a brass frame, and a short length of 

bells were used exclusively ; the introduction of flexible brass chain is employed, to which the two 

electric and, to a less extent, of pueumatic bells. wires arc atbiched ; the advantages of this system arc 

has to a great extent limited the use of mechanical that the pull is always in the same direction, and 

bells, but they are still employed, and ai’e reliable that the wheel allows of the wires being run at 

if well fitted up. either an acute or obtuse angle to each otTier more 

The bell is formed of an alloy of tin and copper, readily than dews the crank, 
and usually varies in weight from 14 oz. to 32 oz. Where bell wires have to be run under floors the 
Where several bells are required they must Iw boards over them should be fixed with screws, so 

arranged of different tones, corresponding with as to allow of easy removal for repairs, 

the various rooms from which they ring. Such Fitting up bells is a process that requires consider- 
bells are usually lacquered to prevent corrosion. able care, as the efficiency of the Iwll depends on 

They may be fitted up with a small pendulum, the wire being perfectly taut, and being main- 

whioh will swing when the bell is runs, and continue tained in that condition. If the wires become slack, 

to swing after the sound has ceased, thus indioat- the bell is not acted upon when the pull is moved 
ing which bell has hoen pulled. In this system unless it is very violently jerked, and this is liable 

every room that has a bell- pull must have a separate to snap the wire. 

bell to correBX>ond with it; these are generally The cranks or wheels are fixed with screws to any 
(irranged on a bell board fitted in the kitchen or convenient joinery or to plugs driven into brioK 
other convenient place. The bell is hung on one walls, and must be arranged so that when the wire 
end of a spiral spring, the other end is attached to is taut it will [mss straight through the inter- 

a bell carriage which 18 fixed on a pivot to thelmard, mediate tubing without rubbing against the sides, 

find which allows of a lever being pulled, causing the The wires are passed through eyes formed in the 

bell to oscillate and ring. angles of the cranks, and the end is returned and 

Ball Fittiiusa* The&el2-/ndZjsiiuidem variouH neatly whipped round the wire, making it fast; in 

forms; for sitting-rooms it usually consists of a lever the case of chains, similar eyes ore provided, 

liandle which, when pressed down, revolves a metal Where several bells are fitted on one board care 

drum to which a short roller chain is attaohod con- must be taken to see that they in no way interfere 

nocted with the wire, and, when released, the handk with each other. 

OofUinned 
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FRENCH 

PRONOUNS 

Parsonal Pranouas— ooatinned 


By Lrouia A. Barbe. A. Ai 

that pronoBii may ba either repeated before each 
of them or need More the firet of them mily : Tu 
aitneras tea enmmia^ tu biniraa eeux qiU U man* 


0 persons : 
fauif paa ae 

WriA/Wf MJ^Of Mft IW¥t ww »vwfVf WLU »^lte of the 
ingratitude of men, we must not ^ow weary 
(discouraged) of doing them good ; Cea plnntea wn^ 
pkrxT ai voue ne lent donnez de VeaUy Those plants 
will die if you do not give them water. 

12. The pronoun U is variable when it stands 
for a noun or for an adjective used substantively ; 

Je me reyarde comma la nUre de cei enfant x je la 
Mitia par ma tendrcaae pour lui, I look upon myself 
ns the mother of that child ; I am so by niy affection 
for him. 

13. The pronoun le is invariable when it stands 
for {a) an adjective, (6) a noun used ndjectively, (c) 
an infinitive, or (d) a whole clause : 

(а) Cette femme eat hdle, maia elle ne le aera jKia 
toujoura^ That woman is good-looking, but she will 
not always be so ; 

(б) Ceux qui aont amis de toxd le monde ne h 
aont de peraonne, Those who are friends (friendly) 
with everybody are so with nobody ; 

(c) Cea hommes font hien de ae cacher ; ila doivent 
le faire. These men do well to keep themselves 
retired (lit. to hide themselves) ; they must do so. 

{d) Si le public a eu qtielque indulgence pour mot, 
je le doia d. voire protection. If the public has had 
some indulgence for me, I owe it to your protection. 

14. Le, la, le^, may be placed between the pro- 
noun ce and the verb Hre if they refer to inanimate 
objects and are not followed by a relative clause : Eat- 
ce Id mtre grammaire ? Ovi, ce VeM, Is that your 
grammar ? Yes, it is ; Sont-ce toa maiaona f Out, 
ce ha aont. Are those your houses ? Yes, they are. 

15. When the pronoun refers to persons, or is 
followed by a relative clause, it is better to use 
lui, eux, elle, ellea : 8ont-ce voa amia ? Oui, ce aont 
eux, Are those your friends ? Yes, they are ; Est-cc 
Id votre maiaon ? Oui, c*eat elle qxCon aper^oit juirmi 
ha arbre^. Is that your house ? Yes, that is it which 
you perceive among the trees. 

16. 8oi is both masculine and feminine, but 
always singular. When used of ijersons, it can only 
refer to an indefinite subject, such as on, chacunT 
qiticonque, peraonne, tout le monde. Unit homme, etc : 
On a aouvent beaoin dHun plua petit que aoi. One 
often has need of one smaller than oneself ; Chacun 
pour aoi, each for himself. But we must say : Cel 
/lotnme ne parle que de lui. That man speaks about 
himself alone. 

17. When aoi is used of inanimate objects, it may 
refer to a definite subject ; La vertu eat aimoMe en 
aoi, Virtue is lovable in itself. 

18. When several verbs having the same pro- 
noun as subject are not joined by a conjunction, 
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his despair, he tears his hair, rolls on the sand, 
vainly oalls cruel death to his help. 

19. When verbs having the same premoun as 
subject are joined by one of the conjunctions el, ou, 
maia, n%, the repetition of the subject is optional 
and a matter of style : Nona avona ait et noua allona 
prouver qu*il n’y a paa de bonheur aana la vertu, We 
have said, and we ore going to prove, that there is 
no happiness without virtue. 

20. When verbs having the same pronoun as 
subject are joined by any conjunction except et, ou, 
maia, ni, that subject must be repeated : T e>iw aerez 
vraiment eatimia, ai voua itea aagea et modeatca, You 
will be really esteemed if you arc wise and modest. 

21. When, of two verbs having the same pronoun 
as subject, the first is affirmative and the second 
negative, the repetition of the pronoun is optional : 
Je plie et ne rompa paa {Je plie et je ne rompa paa), 
I bend and do not break. 

22. When of two verbs having the same pronoun 
as subject, the first is negative and the second 
affirmative, that pronoun must be used before each 
verb : Je ne rompa paa, maia je plie., I do not break, 
but I bend. 

23. When several verbs have the same pronoun 
as their objc' t, that pronouil must be repeal^ if the 
verbs are in a simple tense: Lea inorta et lea vivanta 
ae attccedenl etae remplacenicontinueUemeul, The dead 
and the living continually succeed and replace each 
other. 

24. If the verbs which have a ))ronoun for their 
common object are in a compound tense, that 
object docs not require to be repeated. In that case, 
however, the auxiliary is also omitted : Ila noua ont 
rencontres et aaluka. They met and bowed to us. 

25. If the pronoun which is the common object of 
two or more verbs is not governed in the same 
case by each of them, it must be repeated : Ila nous 
ont renconlria et noua onl parh, They met us and 
spoke to us. 

II. Demonstrative Pronouns 

1. What is known as the pleonastic use of ee — 
that is, the use of ce when the sense of the sentence 
does not require it, and when, indeed, it has no 
equivalent in the English sentence — is subject to 
the following rules ; 

(o) When the nouns which are respectively the 
subject and the attribute of some tense of the 
verb can change places withoiit materially 
affecting the sense of the sentence, the verb may 
^ke ce before it, and very ^nerally does so : 
mate nobleaae, e'eat la vertu {La vraie noblesse eat la 
vertu), True^nobility is virtue. 



WIm boiii tlie mA IM tMbsAff 

S iuX vMm9ifi Biiniij)i|; 

iifift jiiiiw^ri^ ^ 

(^ Hie oeg^fe tedi bm^ b^gk ^ tw^^tenoe. 
^ mi eM it Ittiiie b^ prooecled by ee^ ettd 
kfltittiteteJKeeehlier gtie 4 fei^<^<^ before it: 
(k fCet/t foa fipondre qna 4k hf4&r. * 

(e) Ct i« iiot oaed lM»fore ^ if ite sabjeot only is 
an infinitive : Bim kox^ksr eat unt 4ka ^ua grandea 
qudiUa 4e la eomeraathn, To Ikten well is one of 
the greatest qualities of conversation. 
if) When a sentence begins with ce gui, ee que, or 

J ^ Al-^ L rfA A^1 !J it lA •_ 


f« Jn leiMbir jangnagej eda (ga) is ioihetitiiet 
e|M^ lo.pienoiiet tkgaad^ eea mianJla f tdatk 
WU^i0hMfadqiu4i^ Ikokattiioseohfiireit*; 
ikor IM!# do notiting but play. 

10« Wb«ttewlitlie«Rib|edt ol^ltfosometiii^ 
divided Into two words^ an coming before the verb^ 
akhitft (wHIi fihe grave aeceai) alter it t (Teat Ut um 
hkk riMb Ukhe fue wua entr^prenez, That is a very 
dfifienlt task yon are nndeirtakkig. 

IL Adjeotives used afttrlb^itively in ^ connection 
with OSes and eefa take the preposition de before 
them : (Teat ten diacoura qui a eeei 4k bon ; U n'eat 
paalong. It is a speech i£at has this good (about 
it); it is not long. 


mUndigne h plua, €ed Vinjuatiu dea h^mea, w£at 
makes me most indignant is the injustice of men. 

(/) When in a sentence beginning with ce quit <k 
que, or ee dont, the verb itre is followed by an 
adjective, it does not take ee before it : Ce que voua 
ncma ditea Id eat abaurde, What you are telling us is 
absurd. 

2. In English, the, relative pronoun may have a 
whole clause for its antecedent; in French the 
relative must be preceded by cc : II irouvait aa 
bonne minaglre qut lui aouriait d travera lea mpeura 
du repaa du aoift ee qui lui rejouiaaait fort h coeuft 
He used to find his good housewife, who smiled at 
him through the fumes of the evening meal, which 
greatly delighted his heart. 

3. In English, “all” may immediately precede 
Irrelative pronoun. In French, ce must be placed 
between tnem : Tout ee qu'il voyait lui aemblait 
admirMct All that he saw seemed to him (to bo) 
admirable. 

4. If “ all ” refers to several persons or objects, 
ceux or cdlea must be used between it and the 
relative : II eat reapeeti de tons ceux qui le connaiaaent. 
He is respected by all who know him. 

5. The demonstrative pronouns celui, cdltt ceux, 

ceUea, may not immediately precede an adjective 
or a participle, as is frequently the case in English. 
It is, consequently, incorrect to say : Lea nombrea 
ordinaux ae forment dea cardinaux ; dana ceux ter- 
minha en f, on change f en The proper 

construction is : Lea nondtrea ordinaux ae forment 
dea cardinaux ; dana ceux qui aont terminea en f, on 
change f en vkme, The ordinal numbers are formed 
from the cardinal ; in those which end in /, / is 
changed into viime. 

6. When referring to persons or objects previ- 
ously mentioned, cdui-ld, ceUe-ld, ceux4d, ceueadd, 
indicate the former, whilst celui-ci, ceUe-ci, ceux-ci, 
cdlea-ci indicate the latter : On diaait de Fcnelon 
en le comparant d Boaauet, ^ue celui~ci prouvait la 
rdigion ct que cduidd la fataail aimer. It was said 
of Fenelon, in comparing him with Bossuet, that 
the latter proved religion, and that the former 
caused it to be loved. 

7. Ceci is used to indicate a statement that is 
going to be made, and eda a statement that has 
just been made: Betenez bien ceci; il faui lire juste 
envera tout le monde. Bear this well in mind : you 
must be just to everybody. II faut aimer aon 
prochain comme aoi mhne; rCoMiez jamais eda. 
You must love your neighbour as yourself ; never 
forget that. 

8. Colloquially and familiarly, eda is contracted 
into ga : (juand mime d n'y gagnerait que cinq 
francs, deal toujoura ga. Even though he shoula 
earn only five francs at it, it's always that much. 


1. The relative pronoun should bo as near its 
antecedent as possible. The neglect of this rule 
produces ambiguity, and sometimes nonsense. 
Hie absurdity is obvious in ; Tapporte dea joujoux 
pour mes enfanta qui aont dana ma poehe. It must 
be avoided saying : Tapporie pour mea enfanta 
dea joujoux qui aontdma ma poche, I have brought for 
my children some toys that are in my pocket. 

2. Sometimes it is not possible to avoid ambiguity 
by bringing the anteceaent and the relative close 
together. In that case the ambiguity is removed 
by using lequd, lagudle, duqud, de laqudlc, instead 
of qui, que, dont : Toua lea voyageura ont parU de 
la fertiliU de ce pays, laqume eat viritahlement 
extraordinaire. All travellers have spoken of the 
fertility of that country, which is really extra- 
ordinary. 

3. Sometimes ambiguity is avoided by putting the 
conjunction ef between the relative and a noun, 
and thus indicating that this particular noun is not 
intended to be the antecedent of the relative : 
Noa aMata, achamia d la pourauite dea ennemis, et 
qui ne eonnaiaaaient paa la diapoaition du terrain, 
se trouvirent bientdt aiparia lea una dea autrea par lea 
maraia et lea fondriires, Our soldiers (who were) 
doggedly intent on the pursuit of the enemy, and 
who did not know the lie of the land, soon found 
themselves separated from each other by the 
marshes and the quagmires. 

4. If the antecedent of a relative pronoun is a non n , 
or a personal pronoun preceded by a preposition, 
that preposition must not be repeated before the 
relative. It is therefore incorrect to say : (T eat d 
lui d qui jc parle. The relative must be replaced by 
the conjunction que: (Test d lui que jc parle. It 
is to him that I am speaking. It is })ermissible, 
however, to omit the preposition before the ante- 
cedent, and to place it before the relative : C*eat 
lui d qui je parle. It is ho to whom I am speaking ; 
(Teat mon dont il parle. It is my father he is 
talking about. 

6. If the antecedent of the relative is a personal 
pronoun in the conjunctive form, that pronoun 
must be repeated in the disjunctive form before 
the relative : Il 6tait inutile de lui parler, d lui qui 
ne comprenait paa le frangaia. It was useless 
speaking to him, who did not understand French. 

0, Qui has neither gender, number, nor person 
of its own, but it communicates the number and per- 
son of its antecedent to the verb of which it is the 
subject, and the gender and number of that ante- 
cedent to adjectives or participles in agreement 
with it: (Teat moi qui auia charge de voua eonduire, 
It is I who am commissioned to conduct you. 

7. There is a construction in which a noun is 
joined by comme to the personal pronoun imme- 
diately preceding quL In that case the noun, not the 
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IM^rsonal pronoun, Ss the antecedent, and the agree- 
ment is with that noun : Ce n^est pas nn homme 
comme voub qui ee permettrait iT employer de tidies 
pardlea. It ia not a man like yourself who would 
allow himself to use such words. 

8. Qui with a Unite tense is frequently used in 
Frenoh instead of the English present participle : 
Lc voild qui vient Id-haSy There he is coming yonder. 

9. Qui preceded by a ])reiK)8ition refers to persons 
only. After a preposition, the relative referring to 
animals or inanimate objects must be leqml, 
laqudle, etc. : II fatU bien choisir hs personms d qui 
on dmne sa confiance. We should carefully choose 
the persons on whom we bestow our confidence; 
C^cst une condition sans loqueUe je ne coksentirai 
d rien. It is a condition without which I will not 
consent to anything. 

10. Sometimes, when the antecedent is vague 
and indefinite, such as cc. mild, rierif the relative 
giioi is used instead of lequel, etc., after a pi^position : 
Jl rCy a rien sur mtoi on ait plus eerit^ There is 
nothing about which more has b^n written. 

11. The expression de quoi is used to indicate 
means, cause, sufficiency : 11 nest pas rieJu', mais 
il a de quoi imre. He is hot rich, but he has enough 
to live on. 

12. Dont is used for both masculine and feminine, 
singular and plural. It may refer to persons or things : 
(Test UH homme dont It meritc egalt la 'tiaismticc, 
He is a man whose merit equals his birth ; II rCy a 
lioinl de med dont U ne naisse un hien^ There is no evil 
from which there does not sirring some good; Voild 
dcs Hurts dont la lecture vous intercsserut There arc 
some books of which the reading will interest you. 

13. Ikmt cannot be preceded by a prei>osition- 
When there is a preposition, the relative must be 
cither de qui, or duqim, de laqttelle, etc., for persons, 
and duqud, de laquelle, etc., alone, for things : 
(^eat un guide d lexpirmice de qui vous pouvez 
foujours vous fier. He is a guide to whose experience 
you can always tnist; Hemcrciez I ami au devout- 
meni duqud vous devez la HherU, Thank the friend 
to whose devotedness you owe your liberty ; II y 
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coniree la semaine dernierc, I have just 1 ‘eoeived a 
letter from the lady we met last week. 

18. The English oonstruotion which oonsists ill 
putting a preposition at the end of a relative clause, 
with or without the relative, is inadmissible in 
French : Voild lc monsieur avee qui tious sommes 
Venus de Londres, There is the gentleman whom 
we came from London with (with whom we came 
from London); Cc sont les amis dont je fmis ai 
parU, They are the friends I spoke to you about. 

IV. Indefinite Pronoune 

3. Auts'ui is never used as the subject of a verb, 
and very seldom without a preposition before it. 
It is more vague and general in its meaning than 
autres : Atterulez d'atUrui ce que vous faites d 
anlrui, Ext)ect from others what you do to others. 

2. Chacun. may have either son, sa, ses, or lenr, 
huts for its corresponding possessive : 

(o) When chacun is the subject of the verb, 
X>osse8sion is expressed by son, sa, ses : Chacun doit 
corriger le devoir de son voisin, Eacii one must correct 
his neighbour's exercise, 

{h) i'luicun is followed by son, sa, ses, when it 
comes after the object of the verb and is not necessary 
to complete the sense of the sentence : Ils ont 
dontd leur avis, chacun selon ses vucs. They have 
given their advice, each according to his views. 

(f ) When chacun is placed before the direct object 
of the verb it takes teur, leurs as its possessive : 
Ces deux g^ntraux ont chacun leur mtrilt. Those two 
generals have each their merit; Les abeilles bdtissent 
chacune leur cellule, Bees build each their own cell ; 
Les langues orU chacune leur hizarreries, Languages 
have each their own peculiarities. 

•(d) When the verb is in the first or second 
person plural, the possessives corresponding with 
chacun are, respectively, notre, nos, and sxdre, vos: 
Nous devons seconrir les medheureux cfutcun sdan 
nos moyens, We should help the needy, each accord- 
ing to oiur means. 

(c) The reflexive x>ronoim corrcsimnding with 
chacune is se, soi ; Chacun 'imir soi, each one for 
himself. 


beneath the foliage of which we sheltered ourselves. 

14, In expressions referring to extraction, origin, 
etc., dmit has a figiu'ative meaning. Tlie literal 
meaning is expressed by dod : La snaison dosd 
il sort. The house (familv) from which he comes; 
fju tnaiaon doit il sort, The house out of which he 
comes. 

15. In English, the noun following whose is never 
accompanied by the article. In French, the noun 
after dont always takes the article ; C'est un 
iicrivain dont lea oeuvres sont connucs de tout le 
monde, He is a writer whose works ore known by 
everybody. 

Ifi. In English, the noun following whose may 
be either the subject or the object of the relative 
clause. In French, only the subject of the relative 
clause can come immediately after the verb : 
Je plains les laboureurs dont les champs ont Ue 


9 14'C/vrpo 

venu, We waited 


ri/fy Cf'f C O p Ui \4> 

two hours, but 


dkvastks 'jMf Vinondaiion, I pity the husbandmen 
whose flelds have been devastated by the inundation ; 
Je plains les laboureurs dont Vinondation a divasU 
hs champs, I pity the husbandmen whose flelds 
the inundation has devastated. 

17. The relative pronoun may never be omitted 
in Frenoh, as it frequently is in English : Je viens 
de recevoir une lettre de la dame que ^wus avons rc»- 


personne n'est 
nobody came. 

4. Qudqdun, meaning somebody, anybody, is 
always masculine : Qudqdun a4-U jamais douU 
sirieusement de Vexisteuxe de Dieu It Has anybody 
ever seriously doubted the existence of God ? 

It is sometimes used in the plural with the mean- 
ing of some, a few: Quclques-uns croient tout le 
contraire, Some believe the very opposite. 

5. Qudque chose, meaning something, anything, is 
masculine, though formed from the feminine noun 
chose : Si Von vous offre qudque chose, ne le refuaez 
pas. If you are offerea anything, do not refuse it. 

This is to be distinguished from qudque chose que, 
whatever, in which is a noun, and consequently 
feminine: Qudque chose qdil ait faite, vous ne 
devez pas vous en itonner. Whatever ho has done, you 
cannot bo surprised at it. ^ 

6. Quiconque, whoever, is masculine, and has no 
plural : Quiconque n'observera pas cette lot sera 
puni. Whoever does not observe this law shall 
be punished. 

Notjc. The indefinite personal pronoun on has 
0f^SLdy been dealt with as a personal pronoum 

ConHnued 
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SPANISH By Amalia de Alberti & H. S. Duncan 


GENERAL CORRESPONDENCE 
Modea of Address 

Hie chief point to be remembered is that Don 
and Dofia must always be followed by a Christian 
name, while Seihr and SeUora^ which are used with 
the surname, precede Don in formal address. Full 
formal address is Seiior Don Pedro de Ayala. 

In introducing one j^rson to another, and in 
sf^aking of him, use m 8enor de Ayala / and in 
direct address, Seiior de Ayala, 

On slight acquaintance, Don Pedro would be 
permissible, both from men and women. It is also 
quite correct in Spain for a lady to address a gentle- 
man by his surname, without any prefix, if they are 
reet ttionds. In such a cose, therefore, Ayala would 
e permissible from a lady as well as from a man. 
Senorito and se^iia are the equiv^alents of 
Master and Miss. Sefiorita is used with the sur- 
name to an unmarried lady; but all ladies are 
Doria, whether married or single, which, in the case 
of an elderly single lady, is a great improvement 
on the English custom. Another privilege of 
Spanish women is that they do not lose their 
identity with marriage. For instance, if Doria 
Luiaa ae Guzman married the aforesaid D<m Pedro 
de Ayala^ she would still retain her own name 
among her friends, though formally, or in address- 
ing a letter, her husband’s name would be added. 
Her full formal address would be Senofa Doria 
Luiea de Guzman de Ayala, 

Hie children of this couple, proud of their 
mother’s ancestry, would ado W maiden name 
after their fathers and sign themselves de Ayala y 
Guzman. 

This is the origin of the long surnames so con- 
fusing to foreigners, for sometimes the names of the 
grandparents are also added in this way. For 
general purposes, however, the father’s surname 
only is used. 

The ending of a formal letter is : 

Cuyae manoa beso, or, que beaa aus manosy que ana 
manoa beaa, Who kisses your hands. 

Que sua beaa. Who kisses your feet. 

The last is used by a man to a woman only. 
This ending is nearly always abbreviated, as will 
be seen from the list of abbreviations given later. 
It is used in all correspondence, except that between 
tradesmen and their customers. 

Model Lettere 

Dear Madam, Mny Sra mia, 

I have received your He recibido su carta 
letter and beg to thank y le agradezeo su amable 
you for your invitation invitacion para el 20 
for the 20th inst., which del Cte, que acepto con 
I have much pleasure in mucho gusto, 
accepting. Me pongo a los pics de 

Yours sincerely, .Vd, 

A. B. A.B. 

Mr. and Mrs. B. have El Sefior y la Sefiora 
much pleasure in accept- do S. aceptan con mucho 
ing Mrs. M.*s kind in- gusto la amable invita- 
vitation, and wUl be cion de la Sefiora de M. 
delighted to be present y tendr4n mucho gusto 
at me ball on the 20th en asistir al baile del 29 
of this month. Ote. 

My dear friend, Mi apreoiable amigo. 

Will you give me iQuiere Vd dwne el 
the pleasure of dining gusto de comer con* 


with me the day after migo pasado manana, 
to • morrow, Thursday ? Jueves ? 

After dinner we will go Despues de comer 
to the Opera, and as I ir^mos d la Opera, y 
suppose you intend to go como supongo quo piensa 
to the ball at the Engliw asistir al baile de la 
Embassy, . we can go Embajada Inglesa, po- 
together. drdmos ir juntos. 

Yours aff^y, Suyo afimo, 

L. B. L. B. 

My dear friend, Mi quorida amiga, 

I am BO sorry to have Chianto siento no 
been out when you haber e8ta<lo en casa 
called this afternoon. I cuando vino Vd. esta 
will call to-morrow at tarde. Ir6 a verla man- 
about four, in the hope ana a cso de las cuatro 
of finding you at home ; es^ierando encontrarla en 
but • if you have any casa ; pero si tieiie otro 
other engagement don^t compromiso no importa ; 
mind ; another day will otro dla serd. 
do. Suya atfma, 

Affy yours, D. A« 

D. A. 

Dear Madam, Muy Sra mia, 

Maria Gutierrez, who Maria Gutierrez, que 
tells me that she was in me dice haber desem- 
your service as lady’s- pefiado el cargo de don- 
maid for two years, cella en su casa por 
wishes me to engage her dos afios, solicita empieo 
on the same terms and en mi casa cn las mismas 
salary. I should be condiciones y sueldo. 
much obliged if you Le agradecerd que 
would give me her teiiga la bondad de in- 
character. Above all I formarrae acerca de ella. 
wish to know if she is Sobre todo deseo saber 
strictly honest. si es persona honrada. 

I remain, Quedo de Vd, 

Yours truly, S. 8. S., 

B. C. B. C. 

Dear Sir, Muy Sr mio, 

I regret that I cannot fento no poder acce- 
grant your request. My dor A su suplica. Las 
present circumstances circunstaneias en que 
do not permit me to mo encuentro en la 

disburse the sum men- actualidad no me por- 
tioned. mi ten desprenderme de 

Yours faithfully, la suma que mcnciona. 

s. s. s., 

Dear Sir, Muy Senor uiio, 

1 am si^rised at your Me 8orpi*ende su si- 
silence. Tne business in Icncio. El asuuto de 

question is of too much que se trata es por demas 
importance to admit of importante para quo lo 
delay. dojemos pendiente. 

Hoping for an answer Esperando una oou- 

by return of post, tcstacion a vuelta do 

I remain, correo, 

S. S. Quedo de Vd, 

S. S. 

Dear Sir, Muy Senor mio, 

I have important Teniendo que hablarle 
business to discuss with de un asunto impot- 
you. Will you kindly tante. iLe suplico me 
mforinPme wl^t day and diga que dia, y hora, 
hour it will be convenient p(wA recibirme ? 
for you to receive me ? Quedo de Vd, 

I remain, S. S, 8. Q. S. S. M. B. 

Your obedient servant. 
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Madam, Seriorn." 

We have received your Hcjnos rocUndo sti 

letter, and the order with carta y la • 6rden qiie 

which you have kindly tiene la bondad de i>asar- 
favourod us will receive nos la cudl serd atendida 
our best and earliest con el mt^’or cuidado y 

attention . pron titud . 

Yours faithfully/ S. S. S. 

(Jadiz, C-adiz, 

Hotel do £iiro]m. Hotel dc Europa. 

My dear Louise, Mi (fuerida Luisa, 

We arrived at this city Llegdinos a csta ciudacl 

on Sunday at three in the cl Domingo d las tros dc 
afternoon after a fine la tarde, despues de ima 
passage, and in spite of travesia hcrmosa. y a|>e* 
your prophecies you must sar de siis proftnuas ha 
know that I was not sea- de salver qiic no jue he 
sick. marcado. 

On Monday night we El Lunes por- la noclie 
went to the Alameda, as fuimos a la Alameda, 
the chief promenade of quo asi se llama el paseo 
the town is called. With de esta tuudad, desde 
(me spring one might donde sc podria muvbieii 
jump, so to speak, into por decirlo asi, de un 
the sea, which surges at brinoo, sal tar al mar 
the foot of the walls que bulle al pi6 de las 
which surround Cadiz, murallas que rodean a 
'Po us, who are not used Cadiz. Para nosotros 
to such sights, it is mar- que no estamos acostum- 
vellouB. Imagine a dark brados a tales panora- 
night lit up by millions of mos es maravilloso. Fig- 
stars, so clearly visible uresc una nochc oscura, 
and so bright that one is nlumbrada fior miliones 
almost afraid to watch de estrellas, tan clara- 
them. mentc discernibles, tan 

The English (Consul in- centelleantes que casi 
troduoed me to some of causa pavor el mirarlas. 
the principal people of Pui presenta^ por el 
the town, and they re- consul ingh'*s a varias 
ceived mo with the usual iicrsonas distinguidas de 
(Spanish courtosy. In villa, quienes me re- 

There arc not many cibieron con la acostum- 
sights in Cadiz, which, brada cortesia espafiola. 
ns the poet says, is liki^ No hay inucho que ver 
a graceful and elegant cn Cadiz, que como cita 
sea-gull nesting on the el ]x>eta es poreoida 4 
waves. W’hat a pure and una gaviotn que se 

l>eautifu1 sky ! balancea graciosa y olo- 

From'here we shall go gante sobre las olaa. 
to Seville, Cordova, and i Que cielo tan imro y 
Granada. liermoso ! 

Your affectionate friend, Dc aqui ireinoa a 
Mam. Sevilla, ('Ordoba y Gran- 
ada. 

Tu amiga que te quierc. 

MaBiA. 

Seville, Sevilla, 

Hotel de Iiiglaterra. Hotel de Inglalerrn. 
My dear Friend, Mi querida amiga, 

The Spaniards say, Dicen los esnafloles quo 
“ Who has not reen Seville “ Qui4n no Iia visto 4 


orange-trees which form los naranjos quo forman 
the avenues, trees which esas avenidas : • irboles 
lH‘nr fruit and blossom que hneti^oan, y d4n 
at the same time. nores 4 la vez. 

With a little imagina-. Con solo imaginarse tin 
lion, one might fancy poco podria uno oreerse 
oneself carried into tile trasjwtodo al jardin de 
Garden of the Hesp4r- las Hesp^rides ; la Giral- 
ides ; the Oiralda, which da mie asi se llama su 
is the name of the oath- catcaral : el Alc4zar 
edral ; the Alcazar, so tan lleno do antiguos 
full of ancient memories, recuerdos. 

My next letter will be Mi proxima carta aer4 
from Cordova. desde C6rdoba. 

Yours affectionately, Suya afeotisimn, 

Mabv. Makia. 

Granada , Granada. 

Hotel de la Vega. Hotel de la Vega. 

No w’ords can descrilK^ No hay palabra one 
Granada: Granada the puochi describir Gran4€ia : 
l)Octical ! Granada the ; Granada la po6tica ! 
Iieautlful ! Granada, the \ Oran4da la hermosa ! 
city of the Moors ! It is I Gran4da la oiudad dc 
impossible to imagine, los moros ! No se puede 
witliout seeing it, tlie Vd figiirar sin verla la 
lieauty and grandeur of hermosura y j^andiosi- 
the Alhambra ; but there dad de la Alambra, pero 
are so many descriptions son tantas las descri))- 
of this palace of the ciones que existen dc 
Moors that I whl not est© palacio de los moros. 
bother yon by repeating que no quioro molestarla 
things which we have so repitienefo lo que ya 
often read together. But hemos leido tantas vo<;es 
it is strange that so little juntas. Pero cs de ex- 
hos been said about the trailar quo tan poco w 
Vegn (Plain) de Granada, hnya dicho acerca de la 
Vega de Gran4da. 

ITiis plain, covered with Esta vega sCmbrada dc 
flowers, fruit-trees, wheat, flores, 4rbole8 fru tales, 
and every kind of grain, trigo. y toda olase dc 
is very beautiful, and sementera es hcrmosa, y 
those w^ho do not know el que iguora el motivo al 
the reason are surjirised verlu tan fructifero. st* 
nt its fertility, being sorpronde al saber que 4 
aware that sometimes veces posan seis meses sin 
there is no rain for six Hover, pero revela el mis- 
months ; but the follow- terio el siguiente hecho. 
ing fact solves the mys- Los moros que eran 
tery. The Moors, who sagacos construyeron 
were very ingenious, built unos canos que comuni- 
eonduits communicating can con los rios Darro y 
with the rivers Darro Genii. A la puesta dot 
and Genii. At sunset a s(fl se toca una cami)ana 
bell is rung from the en la Atalaya, abren los 
Atalaya (Watch Tower), cafios y el agua clara y 
the conduits are opened, limpida oorre, regando 
and streams of clear and toda la vega. Losespaiio- 
limpid water irrigate the les asocian toda especio 
]>lain. Spaniards associ- de portions recuerdos oon 
ate all kinds of poetical esta campana, llamada 
memories with this bell, de la Vela, No he visto 


lias not seen a marvel.” 
I cannot describe this 
l>eautiful city — its hand- 
some shops, the walk 
called I^as Delicias, with 
its avenues of trees 
through w'hich the sun 
cannot penetrate, oar- 

} >eted with scented white 
lowers, fallen from the 


Sevilla no ha visto mara- 
villa.” No s4 como 
describirle esta hermosa 
Ciudad — sus encanta- 
doras tiendas, su paseo de 
las Delicias con sus a veni- 
das de drboles donde 
no Mnetra el solralfoin- 
braaas de blancas y per- 
fumadns flores, caidns de 


i de 0 
Ocmtmued 


which is called the “ bell 
of the watch.” 

I have. never seen any- 
thing like Granada, and, 
to my regret, I shall l)e 
obliged to leave to- 
morrow' this beautiful 
town. Good-bye ! 

Your loving friend, 
^ Maky. 


nunca nada que se parez- 
ca 4 Gran4da y sintien- 
dolo en el alma me verd 
obligada 4 marohar mafl- 
aua de esta hermosa 
ciudad; Adios ! 

Tu amiga quo te quierts 
Mabia. 
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£Sl»EKANtO By Harald Glegg 


sumxEs 

Besides the six fnrefixes dealt 
with on pages 46^ and 5373, 
Esperanto possesses about twenty 
words, or particles; which are used 
as suffixes, and which affect the 
meaning of the root word in diverse 
manners as will be shown. 

They will be explained gradu- 
ally throughout the lessons, and 
will be introduced in order of 
importance. 

In denotes the feminine gender. 
Example : Frato^ brother ; froHno, 
sister 4 pig ; poricino, sow. 

Et denotes ^crease or diminu- 
tion of degree. Example : Ami, 
to love ; ametif to like ; mmtot 
mountain ; vwrUetOf hill ; hela, 
beautiful ; hdeta, pietty. 

Ul denotes a person character- 
ised by the meaning expressed in 
the root word. Example : 
wise ; a sage ; moJbonay 

wicked ; maJbomth, a wicked 
person. 

Il denotes the instrument used 
to perform an action. Example : 
Pluyi, to plough; plugiU), a 
plough ; tranciy to out ; tran^iln, 
a knife. 

Many of these suffixes lend them- 
selves to the process of being com- 
bined in the same word. The order 
in which they appear depends on 
the exact sense to be conveyed, 
but the suffix which conveys the 
predominant meaning to the word 
must be placed last. 

If we take Urn (fear) as the 
root word, the results of the differ- 
*ent positions of the affixes would 
he as follows : 

TimulOy a coward; timetuloy 
a timid person ; timulclOy a little 
coward ; timetvletOy a timid little 
person. 

Of course, this root word could 
be qualified still further — e.gf., by 
the use of mol or t?t, and the fine 
shades of meaning thus obtained 
would give a great deal of trouble 
in searching for a suitable English 
equivalent. Moreover, the nature 
of these combined words very 
often permits the addition of the 
characteristics of the adjective and 
adverb, and we got words which 
can only be clumsily expressed in 
other languages. 

Example: MalaaMe, in the 
manner of a fool ; ookuxineioy a 
little cousin-in-law (female). 

Many of the suffixes, too, may, 
by themselves, form distinct 
words : 

Example : Iloy an instrument, 
A tool; eto, diminutive. 


With regard to the suffix in, it 
may here be explained that it is 
not ordinarily applied to 
this word, although sometimes 
loosely used to point out the male 
sex, really means ** a human 
being,*’ and therefore includes 
femininity. When we see homoiy the 
real translation is “ people,*^ not 
“ men.” ** Woman ” in Esper- 
anto is virino. 

ADVERBS 

Invariable Adverbs* The 

method of forming adverbs from 
root words has already been ex- 
plained, but beyond these there 
are in Esperanto a number of 
invariable words which are by 
their nature essentially adverbs. 
These are ; 

adiaily good-bye, adieu 
cUmmatiy at least 
amJbaHy both 
ankaU, also 
ankoraH, yet, still 
a penary scarcely, hardly 
hoMarly soon, shortly 
jAerwmy over again, once more 
ecy even 
for, away 
jam, aln^y 

kvaaaiiy as fif, as it were, as though 
nun, now 
nur, only 

pluy further, more 
preska&y almost, nearly 
trOy too (much) 
tre, very 

tujy at once, immediately. 

There is little to be said in 
further explanation of these words, 
except that they sometimes lend 
themselves to the addition of the 
adjectival a or of a suffix : 

Example: Twja respondo, an 
immediate reply ; treege, exceed- 
ingly; haldaHik venko, an early 
victory. 

Vocabulary 

adreB\ address fremdf, strange, 
(dmoz*y alms unacquaint^ 
IxtbiFy chatter frenez', cra«j% 
heda', sweep (v.t. ) mad 
har\ bar, ob- glad', smooth 

struct (to iron) 

blind ' 9 blind ghdo, slide, 

(adj.) hak, hew, chop 

6iz', ohi^l, carve skate 
do*, ther^ore hejtf, heat (v. t.) 

drink', drink to honor', honour 

excess inavl'y island 

etem'y eternal Ids', kiss 

fajfy whistle kold, cock 

foB'y dig komb'y comb 

fraiU'y baohe- kndr', sew 

lor hwpr'y copper 


Um'y lame pez', weight 

lig'y bind, tie pi', pious 

mezur'y mea- pLac', please, 

sure (v. t.) gratify 
mitef', mill (v.t.) plM', plait, 

mvt'y dumb weave 

nom'y name pUrr', cry, weep 

nord\ north svd', south 

orfy orphan mpoz', suppose 

paj'y shoot, fire surd'yddat 

paVy pale serc\ joke 

pek'y sin Silos', lock, fas- 

, pes\ weigh ten 

(v. t.) vwft/, widower 

Exbbcise XII. 

Translate into English : 

Hakilo. Vidvino. Fremdulo. 
Blindulino. Insuleto. Fraulineto. 
Pafilo. Frenezulino. Patrinc. Fra- 
tina. Sur la stratoj oni ofte 
renkontas surdulojn, mutulojn 
kaj blindulojn, kiuj estas geal- 
mozuloj. .Mi prenis miajn gliti- 
lojn por gliti sur la glacio. La 
k^bmeto ploris ^ kiam Si ne 
plu povis jflori. Per kudrilo oni 
kudras, kaj per kombilo oni 
kombas la harojn. Estas in- 
Buletoj en ambau la norda kaj 
suda partoj de tiu ci lando, sed 
mi a^orau no veturis al ill. 
Mi nun estas vidvino, 6ar mia 
edzo jus mortis. li prenis la 
paiilon kaj pafis frenezule (aii 
kiel frenezulo) cieh. Oni supozas, 
ke piulo neniam ec iomete pekas. 
La Serculo denove kisis la gein- 
fanetbjn ^j ankau la fraiUinojn. 
Mi estas preskau oorta, ke vi 
estas nura trompulino. 

Translate into Esperanto : 
Although I well know your 
name ana address, I do not yet 
intend to write to you. He is an 
honourable man, very rich, but 
not too happy. He took the 
scales and weighed the copper. It 
weighed only twelve ponnds. The 
orphan smiled as though she 
wished to please me. The chat- 
terer at once began again to speak 
about nothing ; I listened for a 
short time, and then would not 
hear more. Here is a flat-iron to 
iron with, and a key to lock the 
door. The spade and the axe are 
exceedingly useful implements. 

PREPOSITIONS 

The following is a list of the 
remaining PrepodtionB, which 
must be acquired by the 
student : 

AneiataiL instead of, in place 
of; Anlai% (place), before, in 
front of. 






iANQUAQIS-4IIIMK 


When this prepoBition is used 
to denote time it is followed by 
U or Mam, This avoids con- 
fusion, which would otherwi^ 
arise in phrases such as ; -SV 
katUin antail la 'ptincinoy She 
sang before (in ^he presence of) 
the princess ; Si hantis antaft 
U la princinoy She sang before 
(previous to) the princess. 

Kkm would be preferably 
used instead of d if another 
verb followed ^he complement. 

Example : Si kantis anta'S, 
Mam la p'incino alvenis. She 
sang before (when) the princess 
arrived. 

In phrases such aa Many 
years ago,” “ Three days ago/* 
and the like, ArUaH is used to 
translate “ ago.” Aniaii muUaj 
jaroj, AntaH tH tagoj, 

01 is always int^posed when 
on infinitive immediately follows. 
Example : AmUia ol homenci, 
before commencing. 

4jmd by the side of, near 
CtrkaUy around, about, approxi- 
mately 

Dum, during, while 
Inter, between, among 
Kmtrai'ty against, opposite to 


Krmn, except, not counting 
LaHy according to 
Malgraiiy in spite of 
Post, after, behind 
Preter, past 

Super, above (not touching, as 
distinguished from »ur) 
These prepositions may often 
take the adverbial and adjectival 
form, besides allowing the addi- 
tion of a prefix or affix. Ex- 
ample : Mi lo^s en la apuda 
domo, I live in the house next 
door ; Li 'paroHs, ml dumc mi 
darmis. He spoke, but in the 
meanwhile I slept ; Koniramdo, 
a contrary person. 

Wlien prepositions are used 
as prefixes to verbs it is custom- 
ary, in order to emphasise the 
full meaning, to use them also 
after the verb. Example: La 
re^) eniris en la eambron, The 
king entered (into) the room. 

Key to Exebciss XI. 

8e vi monsogus^ mi vin mal- 
cstimus. La kmjono mm kuSas 
Hur la lito, kien vi Jus ^ metis. 
Ho, mia kara bofrato, cu vi volus 
insiilti vian propran parenconlf 
di estas dekoble pli ri6a ol vi. Ju 
pli mi scias tion, des pli mi Ain 


envias. Tiu, kin volus esti feli^, 
rievus haA-i poeiencon. li povas 
kuri po sep mejloj kaj kviii 
okpnoj en 6iu horo. Ciu litero 
en la Esporanta alfabeto havas 
apartan sonon. Mi aprobus ; mi 
ostus ja perfekte kontenta, se vi 
konsentus akcepti la konsilon de 
miaeminentaamiko. Dekunuoble 
dek du faitis cent tridek du, kin 
estas la kvarona parto da kvin- 
oent dudek ok. Id adetis tri 
kvaronojn de funto da frukto, 
kaj egalan kvanton da flava 
fromago. Estas malpma makulo 
sur tiu libro. On vi estus preta 
por renkonti min, so mi atendus 
duonhoron ? i^a glacio estas 
firma kaj ebena. Id pruvis al mi, 
ke la legoj de tiu ci lando estas 
justaj, kvankam li konfesis, ke 
oni ^zonas multe da pacienco. 
Lastan nokton ni iris al la 
teatro kaj tie ni rapide elspezis 
nian tutan monon. Tio, kio kon- 
cemas min ne estas neceso ciam 
via afero. Si rakontis al mi 
cion, kion mi vohs audi. Se mi 
legus ci tiun libron po kvin dek 
' pa^oj en 6iu tago, mi povus gin 
resemdi al vi proKsiman semajnon. 

Continued 
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SECTION I. ACCIDENCE 
PRONOUNS 

Personal Pronouns. The pronoun of 
the first person is iytb, 1 ; and of the second 
{lemon thou. 

Singular 


Nom. 

iyd) 

<rd 

Acc. 


ai 

Gen. 

ipod, pod 

<rod 

Dal. 

ipoij pol 

Dual 

ffol 

Nom,, Acc. 

Vib, W'C two 

ffipib, you two 

Gen., Dot. 

Ptpv 

Plural 


Nom. 

ijp€is, we 

ifptis, ye or you 

Acc. 

i)pas 

vpas 

Gen, 

ijpQv 

dpMV 

Dat, 

Jipiv 

dpiv 


The nuiuinative of the jiersonal pronouns is 
seldom used, except for emphasis — e,g. : I save 
is not iyii The forms ipi, ifiov, ifioi 

are more emphatic than pi, pod, pot 
There is no pronoun of the third person in 
Greek, at any rate in the nominative. To trans- 
late he, wo must use a demonstrative )>ronoun, 
such as €K€iPot, that man ; odros, this man 
[see below under Demonstradves]. But for the 
oblique cases of the pronoun of the third person 
5806 
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— ^that is, for all cases except the nominative — 
the ciises of aurdt, aOHi, adrd, himself, hersc'lf, 
itself, are used. aMs is thus declined : 



Muse. 

Singsilar 

Fern. 

Neuter 

Nom, 

aMs 

adrij 

adrd 

Acc, 

aMr 

adrijp 

aM 

Gen, 

aMd 

avrfjs 

adrod 

Dat, 

adrip 

aiV^ 

avTiff 

Nmn,, Acc, 

adrw 

Dual 

adrd 

airuf 

Gen., Dat. 

avroiu 

adratv 

adroiv 

Nom, 

adrol 

Plural 

adrai 

airrd 

Acc. 

aMds 

adrds 

adrd 

Gen. 

aiWtav 

adrwv 

adruv 

Dal, 

aMU 

adrous 

aM'is 


Examples of the use of aMs : lawaa aMv, 
I saved him ; IXeyeu aOrois, He said unto them. 
But in the nominative aMt means self (Latin 
ipae) — as, 6 arparrrYbs aMt, the general himself ; 
al ypaet airraL, the old women themselves. Note 
carefully,^ however, that when aMs is imme- 
diately preceded by the article, it means same 
(Latin idem) — as, 6 aiVrdf srparriyds, the same 
general ; rod aMd warp6s, of the same father. 

^ aMs is often contracted with the article in 
Piiis lattei’ sense, as radrS for rb adrb, ratV^ for 
rjf adr^. This is called Crasis, 






Reflo^Te Pronouns* The reflexive 
prdnouhs of oourae, no nominative. They 
are three in number, onej . for each person : 
ifiavrdy {ifU myself ; ireavr^t' {<r4 aiVr^v), 

thyself j himself. They are thus declined: 

Singular Plural 

Mate. Fern. Mate. Fern. 

A. ifjMvrir 4fia\rHiy || i^/xas ai&rcnJs iffiai avrdt 

O, ifjMVTov ifMvriit I ijfuiv aitrClip airtov 

Z). ifJLavT^ ijJMvrff |) iffjuy airoTt ripup avrais 

Note that in the plural the two words (the 
personal pronoun and aMs) appear separately. 
<reavr6y is usually contracted into <ra\>r6py thus ; 

Singular Plural 



Mate. 

Fern. 

Mate. 

Ftm. 

A. 

ffaMv 

aairHfp 

II bfids abrobs 

vfjL&s aiVdy 

0. 

aaifTov 

aatrr^s 

bpiCtp abrQp 

v/jLiav avTMV 

D. 

aavrip 

travT^ 

II bpup aMts 

vpuv avrais 


iavriy is usually contracted into and is 

declined like aMs. It must however be care- 
fully distinguished from the obliqiie cases of 
aMs. The breathing is the only difference. 

In addition to these three reflexive pronouns 
there is one which is sometimes called personal, 
but seems more properly to come under reflexive, 
as it is generally used as an indirect reflexive. 
It has no nominative sin^lar, but the accusative 
is f. (This compounded with aMy gives lavrdy 
ab6ve.) 

Singular Plural 

Acc, f ‘ Nom. (r<f>€ts 

Oen, o5 Acc. enf^ds 

Dal* ol Qen, <r(f>C)v 

Dal* 

Example : xaiopwri rds rdv KepKvpaluiv vaOs iwl 
(Tif^s w^foMs, They see the ships of the Cor- 
cyreans sailing against them (i.e*, themselves; 
iirl aMi/s, or avrot^s would have referred to 
“ Corcyreans ”). 

Reciprocal Pronoun. The reciprocal 
pronoun is dXX^Xw (accusative), one another ; it 
has no nominative and is used only in dual and 
plural, in which numbers it is declined regularly, 
like crowds. 

Poaeeasive Pronouns are declined like 
adjectives in os. They are : 

^ju6s, Ifi.'fi, my iffiirepoSi a, or, youj* 

«rds, <n^, a6vy thy <r0^rcpoj, a, w, their (al- 

ilfiMposy a, oPy our ways reflexive) 

For hiSy the genitive of aMs is used, as 
6 rar^o aMv, his father (literally : the father 
of him). 

The article is regularly used with these pos- 
sessive pronouns, as 6 iiUrtpos raidasy your 
steward. 

It is quite as good Greek to say 6 iranip 
(my father), as to say 6 ipubs x-an^p, and so with 
all the others. 

Domonotrativo Pronouns. iK^lvosy that ; 
oCroy and d5e, this. 

iK^Xvosy that, is declined quite rep^ularly like 
aoipdsy except that the neuter nominative and 
accui^tive singular is ItcetPo, not iKtiPOP. 

6dtf this, is simply the article 6 with the par- 
ticle df added ; it is therefore declined like the 


article : 6Sey rdde ; genitive : roOde, 
r^CSe, K.. T. X. (k. t. X. stands for ical rd Xotirdf 
and the remaining things, or et cetera.) 
of'roy,' this, is declined as follows : 


Singular 


Nom* 

oMs 

abrrf 

rovTo 

Acc* 

Tovrov 

rabmfjy 

roOro 

Gen. 

Tobrov 

rabnfs 

Tobrov 

Dal. 

Tobrip 

raiV]7 

Dual 

robrrip 

Nom*y Acc. 

robfrio 

Tobru) 

Tobrtj 

Qen*y Dal. 

robroiv 

rovTOip 

Plural 

robroip 

Nom. 

pbroL 

abrai 

raOra 

Acc* 

toMvs 

rabras 

ravra 

Gen* 

Tobruu 

Tobrwv 

TOthlOP 

Dal. 

robrois 

rabirats 

TOl/TOiS 


When these demonstrative pronouns are used 
as adjectives with a noun, the article is regularly 
used — as, odros 6 dvi)p, this man ; iKelrvi 17 wfrvp, 
that mother. 

Interrogatiye and Indefinite Pro- 
nouns. The intepogative pronoun is rls, rl, 
w]^ ? what ? The indefinite pronoun is rh, rl, 
anyone, anything, or someone, something The 
only difference l^tween them is that of accent : 
the former always takes the accent on the first 
syllable, while in the latter the accent belongs 
to the last syllabla The latter, being an 
enclitic, usually drops its accent altogether. (This 
will be explained later under Accentuation.) 
They are thus declined : 

Inteerooativk Indefinite 

Singular 


Mate. AFem. Neuter 

Mate.^Feni. Neuter 

Nom. 

rls 

rl 


rls 

rl 

Acc. 

rlva 

rl \ 


Twa 

rl 

Gen. 

rlvosy roO 



rivbsy rov 


Dot. 

riri, rip 

1 

1 


rtviy r(p 




Dual 



Nom* f Acc. 

rlv€ 



rivi 


Gen*, Dal. 

rlvoiv 



TiVOlV 




Plural 



Nom* 

rives 

rlva 


rives 

rivd 

Acc. 

rlvas 

rlva 


rivds 

rivd 

Gen. 

rlvtav 



rivQv 


Dal. 

rleri 



rial 



Note. tL (interrogative) can mean “why ? ” as 
well as “what?” 

For the indefinite neuter plural ripd the form 
drra is sometimes used. Examples : rlva iaojaas, 
Whom did you save ? rlvas 6pvi0as What 

birds have they ? dvOpiavds rts, some man ; toOto 
\ly€t risy Someone says this. 

dWosy other, is declined like ^Keipos. 

Relative Pronouns. The ordinary rela- 
tive is dsy ify 6, who, and is declined as follows : 



Singular 

! ^ 

Dual 



Plural 

N* 

6s 



d 

(b 

ot 

at d 

A. 

6v 

ijv 6 I 

1 ” 

fi 

ff 

obs 

ds d 

G. 

ob 

^5 ob 

otv 

alv 

otv 

&v 

ibv (bv 

D. 

r 

V 

9 T 1 

V V 1 

if 

ff 

ff 

ots 

ots dts 

Note. 

The forms 

Hf ot. 

and at 

are distin- 


[uished from the similai* forms of the article by 
laving an accent. 



UMiOUA€l«S~OMBK 

There is also an indefinite relative primouii, 
cumpounded of df and the indefinite rh : da-ns, 
whoever : 


Stngit/ar 


Norn. bans 

•fins 

b rl 

Acc, bPTiPa 

f^pTipa 

b ri 

Gen. oCriPOt, brov 

^TIPOS 

rfrivi 

oprtpos, brov 

Dot. (priPi, bnp 

(^iPi, bnp 

J)iMl 


NatrUfAce, ibupe 

driPt 

ClyriPe 

Gen., Dot. oIptipoip 

alpripoip 

olpripoip 

Plmvl 


Nam. oinues 

airipes 

dripa, arra 

Acc. oParipas 

dtrripas 

AriPa, drra 

Gen bfPTiPWP, brup 

tbpripufp 

uiPTiPutP, bnap 

Dot. ol(rrt(Ti\ Broun 

alffrun 

olancri, broun 


Note that each pivrt is declined separately, 
and that 6 rt is written as two words to distin- 
^ish it from the conjunction firt, that, because. 

Regular Verb. XiW, I loose. 


Perf, Ind, Pluperf, Ind. 


1. 

Sin-gular 

XAt»/ca, I have 

iXeXPKdP, I had 

2. 

XlXvKas loosed 

iXeXPKcis loosed 

3. 

»» 

XAvA'f(v) 

iX€XbK€i{p) 

2. 

Dual 

XeXifKarop 

iXeXPKttrop 

3 

♦» 

XfXpKarov 

iXeXvKelrriP 

1. 

Plural 

XeXPKajaep 

iXeXbK€ifjLfv 

2. 


XfXpKare 

iXeXpKcirc 

3. 


XfXbKanlp) 

iXcXpKcaap 


Most verbs l>eginmng with a consonant form 
their perfect by redupUcation—'ue,^ by prefixing 
the initial consonant followed by e — as : 
\{KvKa ; ypdf/xa, I write, yiypa<l>a ; cruftw, (rhtaKtf., 
In these cases, the pluperfect prefixes to the 
perfect the syllabic augment e. 

SECTION II. SYNTAX 

Hulk 1. A relative pronoun agrees with its 
antecedent in number, person, and gender, but 
not in case. Its case depends on the construc- 
tion of the clause to which it belongs — as, 
{^/xets oJ ToPro ypdfperCf You who write this ; ol 
(rrpariwrai oPs aritrwKd eUri d€i\ol, The soldiers whom 
I have saved are cowardly ; oi volntP€i oJ rbv 
XioPTa KTelpovfflp elcip duSpetoi, The shepherds who 
are killiim the lion are brave. 

Rule 2. Duration of time is expressed by the 
accusative case— the answer to the question 
“How long?” — as, They were a long time in 
the island, ^av fMKpbv xp^rop ip piprip ; He 
stayed for three days, tfi€P€ (pApia = I remain) 
rpels ri/Upas. 

Rule 3. Time when (definite) is expressed 
by the dative case — the answer to the question 
“When?” “At what time?”~as, rp irptbrp 
ppip^ on tlie first day ; rp abrp pvktI, on the 
same night. 

Rule 4. Time when (indefinite) or Time 
within wliicfi is expressed by the genitive — the 
answer to the question “Within what time?” 

‘ ‘ During the course of what time ? ” as : 
in winter time ; pvkt 6%, by night ; dXlyov xp^pov. 


\Hthui a short time. Time maj also be ex- 
presshd by prepositions, as tp rp pvtctl^ in the 
nidit. 

Rule 5 . The i^articiple, with the article 
prefixed, may be used’ as a substantive— «s, 
oi Xiyopreff the speakers. But most cotnmoi^' 
the participle with article reprosehts'an Knglimi 
relative clause — as, rd Xey6/^pa, the thin^. that 
are being said ; ol eP those wno' Ifve 

well (eP has smooth breathing, not rough) ; 
6 rareip&p iavrbp, he who abases himself i 6 
ipiXwp r^p ylfvx^p aOroO droXiaei He that 

loveth his life (soul) shall lose it. 

Exercise VI. 

frog, 6 pdrpaxoSf -ov I ask, airiuf (aor, prpa-a) 
once, vori to provide, rapao-xeip 

I send, vifiirta I throw, pim-ta (aor, 

ambassadors, oi vpia/ieis 
Jupiter, 6 ZePt (occ. Ala) log of wood, r6 ^PXop 
marsh, t XL/xpp unworthy, dpd^ios 

depth, rb ^dPos, -ovs fool, /uwpbf 

as, ufs water-serpent, v Vbpa 

motionless, dKiuprot by, inrb (governs geni- 

they despised, Kare<pp- tivo ; before an 
opovp (imperfect of aspirated vowel) 
Karaippopio ) — governs they were eaten "up, 
genitive) KarpaBlopro (imperfect 

1 think, po/jlLI^u) passive of KaTctrSlw, 

to be, chat I eat up). 

1. The frogs once sent ambassadors to {M 
with accusative) Jupiter and asked (him) to 
>rovidc a king for them. 2. Jupiter threw a 
og of wood into the marsh. 3. The frogs in 
fear threw themselves into the depths of the 
marsh. 4. But as the log was motionless, they 
soon despised it, and thought this king to be 
unworthy. 5. 7%ey asked Jupiter (for) another 
king. 6. Ho said “Ye are fools,” and seni 
them a watcr-seri>ent, by whom they were 
eaten up. 

, Key to Exercise V. 

I. tpravOa KPp<fi ^aaiXcia ^p Kal vapdbetaos fiiyas 
Hppwp itXt^pps. 2. 6 ficuriXebs iBi^peve robs Bijpas dxb 
iiTTov (generally written dtp* irwov). 3. roC 
■jrapabelcov jxi 6 ^alapbpos worajabs (note the order), 
Kal ai Tov Trora/aov irpyal elalp iK rtop paaiXeltop. 
4. p€i did rrjs irdeps irbXeus, 5. ol vdXai fXeyoP bn 
ipravBa ^AirbXXiav tKreipe Hapffbap. 6. bpravBa 
Skip^pSf 6 r(ap l\€p<ru>p jQewrtXeih, iwoLpaep dKpbrroXiv 
Kal jHairiXeia. 7. /AfyaXi^vei ^ Kbpiop, 

Kal iiyaXXlaat rb srpevpid fiov M np tfeip np Irurijpl 
jwou. 8. vap bipSpQP dya&bp Kapirobs KaXobs iroier 
rb bt* aavpop bipPpop Kapirobs vopppobs xoiei. 
FLiterally : Every good tree bringeth forth 
heavtifid fruit.] 

* bi is one of the commonest of the Greek 
Particles. In any continuous jjassage of Greek, 
each sentence is generally oonriected with the 
X^receding by some connecting x^^rticle. Some 
of these x>articles, such as bi, are never the firsts 
word of a sentence, but generally the second. 
8i means and or btU^ according to the context. 
Tlie jmi'ticles will be fully explained later on. 


Tlie next instalment of the Itauan Oows appears in Part 41 of the Sele-Educator 
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SIMPLE WOOD-CARVING 

Suitable Woods for Carving. The Difficulties and Mysteries of Grain. Carvers’ 
Tobls. Transferring: the Desigfn. Chip-carving: in Straig:ht and Curved Lines 


Group 2 

CARVING 


from page riTVU 


By F. WELLESLEY KENDLE 


A LTi wood that is to be used for carving should 
^ be well seasoned, free from sapwood, knots, 
flaws, bruises, cracks, shakes, and nails, with 
straight grain and but little figure. 

Some SuitsLble Woods. White deal, 
yellow deal, and American whitewood are soft 
jind readily worked — too soft, indeed, for fine 
work, Imt affording capital training for the 
novice, who requires constant care and alert- 
ness in order to avoid accidents to himself and 
his material. Red deal is nice and soft, but 
the resins in which it is so rich clog the tools 

and make delicate work 

impossible. Plane does ^ 

not split readily, and * 

consequently can be " > 

carved into very great ^-^g a^-^'-nnwn j i ^ - 

detail. Lime, pear, and ^ ^ ^ 

sycamore are tougher, * ' '' 

with nice easy grain, j v v \- 

Kauri and Hungarian ’ 

ash are both ideal , ^ ^ 

woods for the carver [ 

of furniture intended for I lj w lj ^ — j g 

lx>d-room suites. Cedar /7 

is delightfully free, but f j 

very brittle. Walnut r TOjii 

and American walnut '* 

arc fairly hard, cut well, 

are durable, and take a 

good polish. Mahogany, 

in spite of its hardness 

and pro^nsity for splin- 

tering, is not particu- 

larly difficult to carve, carve: 

though the earthy salts i, 2 , 3, and 4 . Flrmers 1 
it contains cause it to 7 
blunt tools very rapidly. ’ ‘ i’?! islTo 

Box, ebony, and coco- 
nut are close-grained, exceedingly bard and 
intractable, and only fitted for work for which 
unlimited time can be spared. Chestnut is 
tough, and rather troublesome to carve, though 
when finished, its colour, tone, and durability 
make it a formidable rival to oak. . 

The Value ef Oak. Oak 
is universally admitted to be the 
favourite wood from which to Ip 
fashion household and ecclesias- |lj J.| 
tical furniture. The grain is a 
little tricky at first, but when ||K|. ^ 
once the carver has mastered its DbH 

peculiarities, he will preto it to j 

all others, as did his ancestors, — 

for it was in oak that their finest . 

ohurob work was executed ; oak 
dower chests held their ward- 
robes; oak beds* benches, and settles rested 
their limbs ; oak bedms feared their dwellings ; 


oak rafters sxipported their roofs, and oak panels 
furnished their rooms. No other wood withstands 
damp so well or improves so greatly with age. 
Besides the above, satin-wood, maple, bird’s-eye 
maple, acacaa, cherry, rosewood, olive, apple, 
ash, birch, beech, teak, camphor, Brazil-wood, 
bamboo, sandal-wood, and ironwood are all 
frequently employed. [See Materials and 
Structures, pages 51-57.] 

Th0 Mystery of Grain. On examining a 
transverse section of any exogenous wood it is 
seen to be built up of concentric layers, around 
an almost central axis. 


carvers’ tools 

1,2,^ and 4. Flrmers 5. Parting tool 


The outer portion of 
=®B each ring is denser than 

. the inner. A longitu- 

dinal section reveals the 
fact that these layers 
can be separated from 
one another, permitting 
^ ^ ^ the wood to split length- 
- ^ w ways. Each layer is 

composed of myriads 

mmmrnSQ of bundles of more or 

loss fusiform cells, the 
long axes pointing in 
the direction of the 

growth of the tree, 
i When wood is cut 

longitudinally the tool 
travels evenly between 
these fibres ; when 
— obliquely, they have a 
tendency to deflect it 
and guide it to a course 
6. Macaroni parallel with tiiemselvcs: 


9. Congo 10. Fluter or u-tool Yrheii transversely, 

OlLIIDTR TTAv’M RAW .. . ’ 


11, 12, 13, and 14. Gouges 15. Gauge 16. Hev’s saw 
17. Mallet 18. Router 19. Carver's knife 


20. carver’s bench 


• iSlTarvortknifre”"" continually changes the 
rate of its penetration, 
according as the soft or hard portions of a layer 
offer little or much resistance. Heroin lies the 
crucial difficulty of wood-carving, for each species 
of wood and each separate plank presents its own 
peculiarities, which no amount of book learning 
^ or verbal description can possibly 

teach, and only constant practice 
ffiT can enable the student to 
~ iil '' ' master. No training will educate 

I M l| the beginner to overcome the 

Iji mysteries of grain so quickly and 
> jl pleasantly as chip-carving ; it may 

- - ,1 not be the highest form of art, but 

I it is executed with comparative 

j \ rapidity, and the carver soon 

_ -JJ has something to show for his 
' trouble. When, later on, ho at- 
s BENCH tempts the more advanced styles, 
he will find that he has already mastered most 
of the difficulties that they present. 


G 
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Tools. Carvers’ tools differ very materially 
from those used by the carpenter and joiner, 
for whereas the latter are wrought from one plate 
of steel and another of iron welded together, and 
are sharpened on one side, the former have a 
steel plate between ttvo layers of iron; and are 
sharpened on both sidea, leaving a central cutting 
edge. Those chiefly used are given below. 

Fibmers. Shaped like a carpenter’s chisel [1], 

Skew Firmkrs. A flat-bladed tool 
similar to 1, but with cutting edge set 
obliquely r2]. 

Spade Firmebs or Spatulas. A 
spadc'shapod flat blade welded to 
square iron shaft. The edge is set 
either on the flat or skew [7 and 8]. 

Entering Tool, Flat-Bent Firmer, 
or Bent Grounder. The blade has 
a double bend near its extremity to 
allow it to be used below the original 
surface of the panel. The edge is set 
flat or right or left skew [8 and 4]. 

Parting Tool or V. The name is descriptive, 
the cutting edge resembling the letter V. The 
shaft of the blade is either straight or up- 
curved [5]. 

Gouge. The section of a gouge is an arc. It is 
said to be quick or flat, according as the radius is 
less or more than ^ in. An extra flat gouge is 
hardly to be distinguished from a firmer. A gouge 
whoso blade is J in. across is quicker than one 
with a similar sweep, but ydder [0]. 

Fluter, Veiner, or U-Tool. Similar to a 
very quick gouge, with an acuter curve than an 
arc flO]. 

Macaroni. In 
several shapes, either 
like a half-H or a trun- 
cated V ; sometimes 
with rounded comers, 
sometimes with a 
curved base [6]. 

Gouges are made 
with up-curved blades, 
and also with front and 
bach bends [11, 12, 18 
and 14]. 

Carver’s, or Nor- 
wegian Chip KNiifE. 

Has a blade with edge 
recurved towards the 
point which is in a 
straight line with the 
back, the whole being 
fixed almost at a right 
angle into a stout 
wooden handle [19]. 

Router. A narrow 
firmer, driven through a 
flat piece of very hard wood at a steep angle, the 
edge projecting to the depth of the intended 
groundwork [18]. 

Moulder, Sinker, or Scbatoh. A some- 
what similar contrivance made from a piece 
of waste steel filed to the desired profile,' and 
driven through a bar of wood^ furnished with 
a travelling guide like that of a bar compass 6^ 
irousquin [1^5]. 0 
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]^allsi. a 5-in. stonemason’s mallet, or a 
bottle-shaped maid are both preferable to a 
square-facm tool [17], 

Saw. In addition to a small terum and a fret- 
saw, a very useful model is that known as 
Hey's saw, such as is used by surgeons in opera- 
tions upon the skull [16]. 

Bkncjh. a wood-carver’s bench [20] should be 
very firm and heavy, with a solid top of chest- 
nut or elm, 3 x 24 x 42 in. It should 
be high enough to permit the workman 
to rest his elbows comfortably upon it 
when standing. It is convenient to 
have it fitted with a deep drawer for 
tools, etc., within 9 in. of the ground. 
An invaluable adjunct is a good lever 
vice. The top shoilld be perforated with 
a few holes to allow holdfasts, carvers’ 
screws, and “long dogs” to be used. 

Carvers’ Scjrews, used by screwing 
them into the under-surface of the panel 
to be carved, passing through holes in 
the bench, and fixing by a winged traveller. They 
offer no obstruction to the carver, but he must be 
careful to insert them opposite to some portion 
of the desi^ not to be cut away, lest the pro- 
truding point should injure a cutting tool [21]. 

Long Dog. A long screw furnish^ a-top with 
an iron cross-piece or snib [22a], andl below with 
a sycamore nut [22]. 

Tranaferring the Design to the 
Wood. Having determined upon the design, it 
must be transferred to the wood. If the carver 
be a good artist, he may sketch in the outline and 
leading features. He 
will find it a great 
assistance to rule the 
copy and the panel 
into corresponding 
chessboard patterns, 
filling in the details of 
the several squares ; 
or he may superimpose 
a frame, strung with 
cross strands of silk or 
fine wire, above ' the 
drawing. By this sim- 
ple device he can enlarge 
or diminish with great 
accuracy ; or he may use 
a pant^apk,^ or trace 
it with a style and 
carbon, calamine, blanc 
d’Espagne, or Prussian 
blue transfer paper, all 
of which he can easily 
manufacture by greasing 
unsized paper with 
spermaceti and nibbing 
in the required pigment. He may impress the 
design upon the wood with a style, pricker or 
traoiim wheel. Time may be sav^ by cutting a 
stencil of one section of the design and stipplhig 
with Ithiok size to which a pigment has been 
added. Lastly, he may paste ^e pattern itself 
uX>on the woo!^ always remembering that wet 
paper stretches, that wet wood warps, and that 
the pattern is destroyed for ever. 




28. OHIF-OABVINQ 





SEES 


25. 


Chip-carring. The essence of chip -carving, 
or spot carving, is that a more or less geometrical 
design is gradually built up by the removal of 
triangular or irregularly' shaped chips. 

Fasten a J-in. board of deal or whitewood, 
10 in. square, flush with the right-hand corner 
of the bench, with the 
grain running right and 
left. Leavinga J-in. mar- 
gin, set out a complete 
border of J-in. squares. 

Through each square 
draw two diagonals [28]. 

Select a skew firmer a 
trifle wider than half a 
diagonal. Grasp the 
handle firmly, guiding it 
with the left hand, till the point lies 
on an A and the edge along the line 
AB. Press the tool into the wood 
till the point has bitten to the 
depth of about J in., the heel 
only just marking the surface. 

Repeat along each AB. Tb(‘ 
wood will be scored as at II. 

^J'um the tool on its flat at 
such an angle that whem entered 
along BB it will reach the 
bottom of the 
perpendicular cut 
by the time it 
reaches A, Lift 
out the chip BAB. 

The beds from 
which the chips 
are removed 
should appear as 
atJ.T. Should the 
grain dip in places 

and lead the tool to bury itself too deepl>' 
change the direction of the cut from left 
to right. A slightly oblique thrust is less 
prone to be led astray by the grain than 
a straight forward one. 

Continue till all the horizontal rows 
have been dealt with. Now treat the 
perpendicular rows similarly. Here 
again, avoid a straight cut; let the 
firmer travel diagonally across the 
grain, taking what advantage it 
can of the direction 
of the fibre. When 
all the sections have 
been removed, a border 
of flat diamonds will 
remain. These con be 
left plain, or their 
edges notched as sug- 
gested at a 6 c, etc. 

Next attack the four 
comer squares. Sink 
from the centre to, each H, and remove all 
the triangular sections, leaving an inverted 
p^amid. with a J-in. straight firmer sink 
,^png each HH ; then with the skew carefully 
remove the top and bottom, and then the side 
chips, starting every time from the centre. This 



CHIP-CABVING DESIGNS 






CABL.K PATTERN OHIP- 
CARVING 

A. Bortler S. FirHfeuta C. Seconrt 
eiitH I). Section of second cuts 
through ah E. Appoarauce when 
completed 




27. POSITIONS OF 
THE TOOL IN CHIP- 
CARVING CURVES 



Continued 
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is rather troublesome, the difficulty being to get 
the edges of the pyramid regular. Leave a J in 
strap, and construct the diamond and straps as 
indicated. RemoVe sections AFF, AGG, work- 
ing in the direction of the arrows. Set out inner 
border LNM. Sink as at KK. Remove all the 
sections, making each 
cut in the direction 
indicated by the arrows. 
Set out central star and 
four comer fans, joining 
each angle of a triangle 
to the centre of a circle 
inscribed within it. Sink 
along each of these lines, 
starting from P. Remov^e 
the sections as before. 
Working with the Carver*^ 
Knife. Execute a similar panel 
on the lines suggested in 24, but 
work entirely with the carver’s 
knife. A particularly effective 
border, known as the cable pattern, 
is figured in 25. Execute it with 
skew firmer and again with 
carver’s knife. 

flow Curves are Exe- 
cuted. By the introduction of 
circles a different 
knife -stroke is re- 
quired. Set out 
a border 2 in. 
wide [28]. Divide 
it into squares 
AAAA. lascrilx' 
a circle in each, 
joining the centres 
CCCC. liCt fall 
a perpendicular 
BOB through each. From each centre 
A, at the distance AB, describe semi- 
circles. Draw diagonals through 
every square. Sink the long axis BEB 
of each ^indle BD, BD from J in. 
deep at E to nil at BB. Remove 
the segments BDB with a fiattish 
gouge, preferably a spade-sha^d tool, 
concave surface upwards. Enter a 
point at B, thrust it along till it has 
reached E, when the direction of the 
cut is changed by swing- 
ing round the tool in 
order that its other point 
may finish up at the far 
end of the line BB [27J. 
Work with the arrows. 
Map out the rest of the 
design as indicated in 
1, 2, 3, or 4 of 28. 
\^ichever is selected, 
t he segments bordering on 
the circumference of the circles must be removed 
with the concave surface of a very flat gouge, 
an ordinary firmer, or a knife. The variety of 
desim is infinite, and each can be enriched with 
bands, fillets, grooves, veins, stippling, balls, 
hearts, crosses, interlacings and overlays [28]. 


GHIP-I ARVING DETAILS AND DESIGNS 


CURVED CHIP-CABVINO DESIGNS 
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concerned in the est^ontial aspects of his life os 
not a creature that breathes and digests and 
excretes, but a being thut wills and acta. What- 
ever affects the willing and the action of a man 
is of the profoundest concern to the sociologist, 
who knows that human nature is the key to 
sociology, and who, if be be a wise man, recog- 
nises that morbid human nature is the key to 
social disease or social pathology. 

A Being Who Wills and Acts. After 
all, here is only one more illustration of the 
great Spencerian analogy between the indi- 
vidual and the social organism. Students of 
disease in the individual organism went on for 
centuries, making scarcely any progress until, 
shortly after the chscovery of the cell theory, there 
arose a great German student, Rudolf Virchow, 
the founder of modem pathology, who traced 
disease to the cell and interpret^ it in terms 
of the cell, as his epoch-making book, “ Cellular 
Pathology,” indicates- The student of the 
diseases of the social organism must Icam from 
the pathologist. He must pay less and less 
attention to all other factors and more and 
more attention to the health and disease of the 
individual man, who is a component cell of the 
society in which he finds himself. In the light 
of such conceptions, social diseases—notably, 
for instance, crime-— become intelligible, and the 
miserable and brutal inefficacy of mere vindic- 
tive punishment — to describe which the noble 
name of Justice is prostituted — is brushed 
aside in the purpose to find some means whereby 
the diseased cell — the criminal — may be restored 
to health, giving new worth to his life and 
making it valuable instead of dangerous to liis 
fellow-men. 8 ince the ultimate unit of society, 
then, is a being who wills and acts, we must 
ask ourselves how this will and action are 
affected by alcohol ; and our first necessity is 
to rid ourselves for once and all of an ex- 
tremely widespread and unfortunate delusion. 

DrunKenneM im Not the Worst Effect 
of Alcohol . The temperance crusade from the 
first has been a crusade against drunkenness. 
Alcohol might or might not bo a good thing in 
reasonable quantities. Some fortunate people 
could employ it without ever becoming 
drunk, or, as we say, “ the worse for li<|uor.” 
It was assumed, and is still popularly believed, 
that to be drunk and to be “ the worse for 
liquor ” are one and the same thing — the 
two terms being co-extensive. It is ^^ken- 
ness and simply drunkenness — that is to say, 
acute alcohohe intoxication — that has excit^ 
the interests and the enthusiasm of temperance 
workers. This it is that must be put a stop to. 
Their only objection to the habitual use of 
alcohol has been that it is apt to lead to drunk- 
enness, or, as they say, to excess. 

Now, doctors have long known-— though 
not so long as they should have known — 
that all tills manner of looking at the 
subject is radically false. Alcohol is a 
substaaioe of paradoxes which can be traced 
through its whole study; and, just as when 
it appears to make us warm it is lowering 
our temperature, so, when it appears to be 


doing most harm it is doing least harm. From 
the point of view of the doctor, mere dmnken- 
ness, or acute alcoholic intoxication, is an ex- 
tremely unimportant factor in the production 
of disease. He is familiar with the fact that 
tens of thousands — or, rather, one should say 
millions — of men in this country occasionally 
become intoxicated, or even perhaps regularly 
so once a week, without any very <lisastrous 
consequences to themselves or to others, so far 
08 crime and insanity and their allies are con- 
cerned- We are not now considering the terrible 
question of the misapplication of the workman's 
wages whilst his children starve. On the other 
hand, the doctor is familiar with cases of terrible 
and fatal disease of mind and body, often fatal 
to self and often fatal to others, in men and 
women (the proportion of the latter being 
constantly on the increase) who have never been 
drunk in their lives. 

Alcohol a Working-class Problem. 

In the book to which we have referred 
Dr. Sullivan brilliantly brings out from the 
sociological side the significance of these 
facts, which are now at last familiar to doctors. 
Generally speaking, drunkenness, or acute 
alcoholic intoxication, is associated, especially 
amongst the working classes — and the pro- 
blem of alcohol is in the main a problem 
of the working classes, from whom all other 
classes are recruited — ^with what may be called 
convivial drinking, drinking done after work 
hours in company and constituting the chief 
pleasure of the workman's life. We are not 
making the monstrous suggestion that drunken- 
ness is a good thing or an excusable thing, and 
it is impossible for us, as sociologists, to forget 
that, even if drunkenness did no harm to the 
drunkard, yet, as Messrs. Rowntree and Sherwell 
have proved, on the average one-sixth of the 
total income of the working-class family in this 
country is spent upon alcohol, with social con- 
sequences affecting wdfe and children w^hich 
are almost too appalling to contemplate. 

In tliis direction, of course, drunkenness leads 
to social weakness, inefficiency, and loss of 
social happiness. But its importance as a cause 
of what is commonly meant by social diseases 
has been greatly over-estimated. The most 
disastrous consequences of alcohol are not the 
most obvious ones. Thus the death-rate from 
alcoholic disease, and the rates of crime and sui- 
cide, are found to be high where drunkenness is 
low, and vice versa. What may be called normal 
drunkenness — that is to say, acute alcoholic 
intoxication, taking its ordinary course in a 
person otherwise fairly healthy — is of very little 
mportance so far as the social diseases are con- 
oemed. 

The Folly of Arguing from Appear* 

ancee. The case is utterly different writh 
drunkenness occurring in a chronic alcoholic. 
In such it will lead to suicide and many foipis of 
crime, including murder. The common statistics 
designed to show how much crime drunkmness 
is respcnsible for are utterly fallacious, since 
they include all >the cases of ** drunk and dis- 
owferly,” or “ drunk and incapable,” and 
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therefore amount to saying no more than that towards death, though the sociological and 

drunkenness is a cause of drunkenness — which national significance of unnecessary death is a 

needs no statistical demonstration. The case subject worthy of, and yet awaiting, some great 

against alcohol is immeasurably too strong to student. Our concern here is with chronic 

need such arguments, and if it really did need alcoholism in its relation to the diseases of society, 

such arguments to help it, so much the worse for and the first question which we must ask our- 

it. We must not be misled, therefore, and, selves is as to the conditions which produce it. 

indeed, we shall find, when we come to study the Despite the reiterated and brilliant teaching 
subject without bias, that mere drunkenness as of Dr. Archdall Reid, we may be well assured 

such is a comparatively unimportant fact, and that in civilised societies, as we know them 

also that an immense amount of energy and to-day, heredity as the predisposing factor of 

labour have been expended upon it that should chronic alcoholism is an all but irrelevant 

have been spent upon far greater evils, which, and negligible factor. The importance of 

unfortunately, happen to be less obvious. If neglecting this proposition will be evident if 

all the grave evil done by alcohol were as we realise the practical propositions to which 

obvious and palpable as mere drunkenness, it it leads. These are that all efforts to 

would have been utterly stamped out in every suppress drinking are, in effect, efforts to 

civilised country long ago. The trouble is that encourage drinking, since they simply prevent 

so few of us think, and that wo are so easily alcohol &om killing off the stocks which are sus- 

carried away by outside appearances. Our eeptible to its influence ; and that the sole form 

blind phrase, “ the worse for liquor,” furnishes of temperance legislation which can be of the 

a particularly good illustration of this universal slightest value is legislation to prevent the 

human tendency. alcoholic from becoming a parent. Let natural 

The Wreckage of Personalities. Of selection with its instrument, alcohol, kill out 

convivial drinking leading to drunkenness, then, the alcoholic stocks, let man help by legally 

we say that it is, of course, a low and bestial preventing such stocks from propagating them- 

form of pleasure. We pray for the day when selves, and you will produce a race which will 

education, whether of the mind, opening it to the laugh at alcohol, and can no more be tempted by 

delights of knowledge, or of the ear, opening it it than a blind man by a suggestive pictme. The 

to music, or of the eye, opening it to pictures and actual facts controvert all these propositions in 

all kinds of natural beauty, may prevent many the most convincing fashion, 

or any amongst us from seekirg their highest The Tragedy of the Drinking Work- 
delight in such entertainment. We may hope man. In contrast with mere convivial 

also for the abolition of married women’s labour drinking, we have to recognise in this 

and for the training of girls in housewifery and country and in all industrial communities 

cocking, so that the workman’s home may be- — ^now including even industrial Italy, which 

come a place where he is happy, and com- before its industrial epoch was so long quoted 

fortable, and content. But whilst we do nothing as proof of evolution against alcohol — what 

to this end, we shall hesitate to condemn him for may be called industrud drinking, a habit 

finding peace and exhilaration by the use of practically universal amongst what we know as 

means which we, if we were he, would similarly the working classes. It involves the daily con- 

employ ; and, meanwhile, wc shall turn our sumption of quantities of alcohol considerably 

attention to the vastly more important matter of greater than those small quantities which, as 

what may be called industrial drinking^ leading experiment has proved, can be burnt up within 

to chronic alcoholism, with its sequels of suicide, the body. The consequence is that free alcohol 

insanity, crime, pauperism, moral, mental, and circulates as such within the brain. If this 

physical worthlessness. This involves the most process is continued for weeks, months, and 

appalling losses to society, even if we adopt the years, we find an utter and terrible transforma- 

vulgar estimate of money. We see them to be tion of “ the originally healthy workman who 

still more appalling if we adopt some means of is engaged at a trade that encourages, or, at 

estimate worthy of our spiritual state ; and since, least, allows, the habit of re^lar drinking 

so far as our eyes can see, it yearly involves the throughout the working day, and who probably 

wreckage and total loss of human personalities or goes in also for an occasional convivial bout at 

souls, which are the highest things known to us, the week-end or on special festivals.” 

we shall realise that if &ere is any subject in the This sentence has the key to the whole matter, 
world that demands the thought and effort of When we come to study industrial drinking we 

men worthy to be called men, it is this. find that it is drinking as am aid to work. In 

Chronic Alcoholism and Society. oi*der really to understand it, it would be 

Chronic alcoholism is a purely medical term, necessary, first of all, to have made an ex- 

but, as we have seen, it concerns us here haustive study of the ac^al manner in which 

because, apart from all <he changes in other alcohol affects the functions of the nervous 

organs, it is primarily a diseased state of the system. 

nervous system, and — such is the constitution The Effect of Alcohol upon Work* 
of man — right willing and action cannot be But if we study industrial drinking in various 

found in association with a nervous system occupational groups — aa, thanks to Dr. Sullivan, 

that is poisoned, diseased, and degenerate, we mi^y now do — ^we shall soon discover the 

Here we do not concern ourselves at all pauses which lead it to vary so widely in 
with chronic alcoholism as o' disease tending pPdifferent oases. It is most marked in relation 
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to the lowest forms of labour — that is to say, 
those forms in which nervous skill is at a 
minimum and muscular strength the only re- 
quirement. Tlie simple explanation of this is 
that, since alcohol gravely interferes with all 
kinds of work involving nervous co-ordination 
and skill, it simply cannot be employed in such 
work. The dock labourer affords a typical 
instance of the industrial drinker. His work 
involves no skill, and is intermittent, demanding 

sudden spurts of energy.” He can repeat 
his dose again and again, and until late years 
most of his employers mode arrangements for him 
to do so. In him there is a terrible development 
of chronic alcoholism, leading to social disease. 

Conspicuously contrasted with the dock 
labourer is the coal-miner. His work also 
involves relatively little skill but much 
purely muscular effort. Plainly, he might bo 
exj)ected to become a chronic alcoholic as a 
consequence of regular industrial drinking, but 
this is exactly what we do not find. True, the 
mining counties are the most drunken counties, 
but, on the other hand, they display chronic 
alcoholism and its social results in proportions 
so small that they rival those of purely agricul- 
tural communities, and are below all other 
industrial groups. The reasons are easily found. 

The CoaUminer*e Experience. In- 
dustrial drinking is rendered impossible in coal- 
mines. The only chance the man has is to drink 
before he goes down, and in many mines he is even 
stopped at the top if he smells of liejuor. The 
consequence is that industrial drinking simply 
does not exist among coal-miners, a remarkable 
contrast to their characteristic convivial drunken- 
ness. More interesting still is the fact that the 
coal-miner is alone amongst working men in his 
recognition of the worthlessness of alcohol as an 
aid in labour. The docker can take his dose, 
appreciate the brief sense of stimulation that 
follows, and when this yields to the weakening 
which is the real characteristic of alcohol, he can 
repeat the dose. The coal -miner down in the 
pit cannot. Hence he very soon finds that beer 
does not help him in his work. The consequence 
is that, whilst in other industries alcohol retains 
its reputation as an aid in labour, the coal-miner 
knows that this aid soon gives place to hindrance 
unless the dose be repeated ; and thus, in that 
industry, and in that alone among purely 
muscular industries, alcohol has precisely the 
reputation which it has in the psychological 
lal^ratories of Germany and America. 

Alcohol and the Mothero of the Race. 
Of profound importance is industrial drink- 
ing amongst women, since suicide, crime, and 
insanity do not begin to sum up the disastrous 
consequences of chronic alcoholism amongst 
the mothers of the race. As Dr. Sullivan points 
out, the working man's wife, who lives, on the 
average, perhaps the most laborious and un- 
relieved Ine that our communitv shows, has 
abundant opportunities for seeking help in 
alcohol ; and '' if a knowledge of the effect of 
alcohol as an industrifd excitant has been 
acquired by the factory girl, it is pretty sure of 
further development in the married woman.” 


l*his is especially apt to show itself after the 
birth of the first child, and is one more factor 
in explaining the lamentable average difference 
between the futures of the eldest children and 
the later children of a working-class family. But 
it must be recognised that the industrial employ- 
ment of women as a fact of modem times is of 
importance not merely because it leads to chronic 
alcoholism in men, but also because it terribly 
increases alcoholism amongst men. 

A Terrible View of the Employment 
of Women. Speaking of the reaction of 
female industrialism on home life. Dr. Sullivan 
says, in words which cannot be too widely read ; 
“ This influence plays a very important part 
in promoting alcohoUsm. For the employment 
of women in the ordinary industrial occupations 
not only involves a disorganisation of their 
domestic duties if they are married, but it also 
interferes with the acquisition of housewifely 
knowledge during girlhood. The result is that 
appalling ignorance of everything connected with 
cookery, with cleanliness, with the management 
of children, which makes the average wife and 
mother in the lower working class in this country 
one of the most helpless and thriftless of beings, 
and which therefore impels the workman, whose 
comfort depends on her, not only to spend his 
free time in the public house, but also tends to 
make him look to alcohol as a necessary condi- 
ment with his tasteless and indigestible diet. 
Both directly and indirectly, therefore, the 
employments that withdraw women from 
domestic pursuits are likely to increase alcoholism 
and, it may be added, to increase its greatest 
potency for evil — namely, its influence on the 
health of the stock.” 

The relation of alcohol to crime needs no 
comment here. The latest and widest study of 
statistics in this country shows that “60 per cent, 
of graver homicidal offences, and 82 per cent, of 
assaults are attributable to alcohol.” The under- 
lying condition is usually chronic alcoholism and 
not casual drunke^ess. Alcoholism is a potent 
cause of insanity, and the most recent study of 
this subject 8ho>vs, even to those who have long 
doubted the common opinion, that that opinion 
is correct. Even when allowance is made ff‘r all 
fallacies, it is no longer possible to deny that 
insanity is increasing in this country. It must 
be remembered also that the ph 3 rsical degenera- 
tion caused by alcohol leads to insanity and 
allied forms of social disease. It is thus that 
alcoholism does most harm to society — ^not in 
the generation under study, but in the succeed- 
ing generation, “ by furnishing recruits to the 
ranks of the moral imbecile, the epileptic, the 
prostitute, and the other noxious and parasitic 
classes.” 

If Alcohol wore Abollohed. In short, 
there is every warrant for the opinion lately 
expressed by the most distinguished of living 
physicians. Professor William Osier, of the 
University of Oxford, who is known everywhere 
as the possessor of a keen, judicial, and far- 
sighted mind, that the abolition of alcohol — 
except, of course, as a drug in certain oases, such 
as fainting — ^would at once aboHsh practically all 
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the problems which now exercise physicians, without alcohol. Amongst the signatories are 

philanthinpists, and politicians. Fifty years ago, one or two practitioners who still do some amount 

statements like this were made by the unsciontilio of active work. Not one of them has published 

pioneers of temperance, and were laughed at by any comparative results which prove the value 

doctors, politicians, and the public. They are of alcohol, and they may be conhdently challenged 

now being continually made by the leaders of to do so if they can. The real significance of the 

medicine and practical psychology everywhere, manifesto is to be found in the overwhelming 

and the denial of them is merely a proclamation weight and authority of the names which have not 

of ignorance, or of something much worse. Thus been appended to it, but have been appended to 

‘‘ the whirligig of Time brings in its revenges.” the statement of facts w'hich contradict it. 

An Obsolete Manifesto. A recent Science or Muddle 7 At this point, 

medical manifesto in favour of alcohol has at- with the utmost regret, we must bring our 

tract<»d far more attention than it was worth, and present study of sociology to a close. We 

luis, significantly enough, resulted in doing more have spent nearly the whole of our space upon 

harm than good to the cause of this most the discussion of root principles. Our labour 
accursed thing. Despite the efforts of the pro- has l)een in vain if these do not demonstrate 

moter, it was not possible to obtain the signature that eveiy kind of social, political, and in- 

of a single pathologist, a single student of ternational question is not merely capable of 

insanity, or of any of the many men whose work treatment as a sociological problem, but that 

has helped to make our scientific knowledge of none of these questions can be solved but by one 

alcohol ; whilst the one authority on drugs who of two methods. The new method is none other 

signed the manifesto has already been compelled than the application of sociological principles to 

to explain that its final form is much stronger the problem in question. The other is the age- 

than that to which he api)ended his signature. long principle of “ muddling through,” and per- 

The manifesto contains a series of statements mitting natural selection, at appalling cost in 

which are not merely unproved, but have been time and life and souls, to weed out the bad and 

disproved in detail on every point. Complete establish the good. Contentment with this 

(;onfirmation of this assertion could only be method assumes that intellect, that great product 

obt^iined by a complete study of the whole of natural selection, is of no use in human life, 

modem literature of alcohol. The careless Lastly, we have deliberately chosen the problem 

quality of the manifesto may be sufficiently esti- of alcoholism as being, in our judgment, the most 

mated, however, by its reference to the “ univer- urgent and momentous and real of the problems 

sal belief of civilised mankind ” in the dietetic which face the thinking man of to-d^. But 

value of alcohol. This so-called universal belief there is a solution for all such problems. Progress 

is not shared by the hundreds of millions of is possible, for progress has occurred. “ The goal 

Mohammedans, by the hundreds of millions of of this great world lies beyond sight,” but our 

Buddhists, nor by the Japanese. The assertion as children, and we in our children, will see and 

to the value of alcohol in disease has been dis- reach it. 

proved in detail by comparative observations of ” Our friends are exultations, agonies, 
the results of the treatment of disease with and And love, and man's unconquerable mind.” 

THE MASTER MIND OF SOCIOLOGY 

An Introduction to the Study of Herbert Spencer. By Dr. Saleeby 

Sooner or later the thinking man in these into the hands of every State teacher in France ; 

days, when we all have to “ think in evolution,” it has been acclaimed by Professor Michael 

or to no purpose, must feed his mind with Sadler as the great reformer of the education 

the work of the mighty thinker to whom we owe of girls in our country, and there is no living 

the modern idea of evolution as a universal parent so wise as to ^ beyond need of its 

truth. Now, there are injudicious ways of wisdom. 

approaching the work of any thinker, and The next most popular work of Spencer’s, and, 
Spencer is no exception. You cannot pick out perhaps, the next most readable, except the 

at random a volume devoted to the application •* Autobiography,” is his “Study of Sociology.” 

of certain principles, for instance, until you It is the best known volume of the International 

have previously acquainted yourself with those Scientific Series. Considerable attention has 

principles. Yet, again, there are parts of been paid to this work in the course on Sociology, 

Spencer’s work which are for the specialist — and no more need be said of it here. . Until 

parts whioh only the trained psychologist or recently it would have been necessary to counsel 

biologist can properly appreciate — ^riiough he, the re^er to proceed at once from these inde- 

as a rule, is remarkably ignorant of them. pendent little books to “ First I^oiples,” the 

Therefore, I seek to suggest to all conoemed the introductory volume of the Synthetic Philo- 

best route of approach to Spencerian thought. sophy.” Smoe the publication of the ** Auto- 

How to Bosio. The reader should begin biography,” however, there can be no question 
with the best-known and most easily read of that ttJs invaluable book should be xeM next, 

all Spenoer’s wor^, the ** Essay on Education,” The two large volumes contain very much more 

which was published in 1861. This is ad- than the life of ihe author, and very much more 

mittedly an epoch-making book. It is put^even than a vast number of wise thoughts. They 
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include, in chronological order, a series of what 
are practically introductions to the various parts 
of the “Synthetic Philosophy,” including some 
imaginary reviews of the various earlier volumes, 
such as hostile but studious critics might have 
written, if they had thought it worth while to write 
any. This “ Autobiography ” is one of those 
books which are not for an age but for all time. 

If it were not a great contribution to human 
thought it would live as, perhaps, the most 
honest and complete self -revelation in literature 
— and what a self to reveal ! Special attention 
should be paid to the wonderful last chapter, 
called “Reflections.” 

** First Principles/* After this the student 
must attack “ First Principles.” We are trying to 
make his part easy, and we recommend that he 
should re^, to begin with, the first and the last 
chapters of Part I. on the Unknowable. This sec- 
tion contains Spencer’s ultimate philosophy, but, 
as any student of philosophy will readily under- 
stand, stands quite apari from the proximate 
or scientific philosophy which was his great 
life-work. That is introduced in Part II. of 
this work, which, though it contains hard pages, 
must be read from end to end. It is not a 
large book, and is the central book of the thought 
of the nineteenth century. 

In our opinion, the student would make a great 
mistake if, after this, he proceeded seriatim to 
the “ Principles of Biology and Psychology.” On 
the contrary, let him turn aside to Volume I. 
of the collected Essays, and let him dip into this 
as he pleases. It will probably persuade him to 
return to “ First Principles.” 

Spencer's Greatest Book. Even now, 
let him leave the more special volumes 
aside, and let him pass on at once to what, 
for practical value in human life — value in- 
dependent of any place or time — is undoubtedly 
Spencer’s greatest work — r/ 2 ., ” The Data of 
Ethics,” which is the first and most important 
part of “ The Principles of Ethics.” This, like 
“First Principles,” has been republished in a 
very attractive form since the author’s death. 
The student, if ho is wise, will follow the direction 
in which his studies load him, but it may be 
guessed that, after reading the “ Data of Ethics ” 
he will pass on to the great study of Justice, 
forming his own opinions, no doubt, as to the 
individualism and the doctrine of the “Limits 
of State-Duties,” so forcibly enunciated at the 
end of that volume. After this, the student 
will doubtless pass to the “ Principles of Soci- 
ology,” and it is difficult to name any part of that 
great work that he will not feel bound to study. 

The •• Biology " and “ Psychology /* 
As for the “Biology” and the “Psychology,” 
we have no intention of under-estimating their 
worth. Classics they both eae and will remain ; 
but they are long and difficult, and they do not 
have the same immediate relation as the rest of 
Spenoer’s works to the questions which must 
concern every thinking man. Therefore, except 
for the professional student, we should advise 
a return to the volumes already named. It is 
not exactly possible to suck them dry at the 
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first attempt, nor at the second. The first two 
named may be picked up in any spare moment ; 
they arc as easy to read as a novel. Chapters I. 
and V. of “First Principles” must be re-read 
whenever one feels oneself losing hold of the 
great principle of tolerance, whilst the “Data of 
Ethics ” must bo returned to again and again. It 
is this volume that is the crown of all Spencer’s 
work, for, as he tells us himself, from the year 
1842 onwards his “ultimate purpose, lying 
behind all proximate purposes, has been that 
of finding for the principles of right and wrong, 
in conduct at large, a scientific basis.” 

The Way Not to Read Spencer. 
The student who would ask whether or not 
Spencer siu^ceeded is answered in that volume, 
and if any doubts remain as to the epoch which 
it initiates, lot him refer to the works of previous 
moralists. The reader will understand that the 
sequence named is only submitted as a sugges- 
tion. The serious student may begin anywhere 
and then follow his own needs. But, unfor- 
tunately it is not everyone who will give time 
and care to what makes no intermedia^ appeal, 
e.Hpecially if a task of great length is proposed to 
him. Thus many have made a single attempt to 
acquaint themselves with the Synthetic Philo- 
sophy and have abandoned it. The project of 
reading the philosophy from beginning to end as 
the first step towai^ its appreciation is certain 
to fail. The reader must &8t convince himself, 
by personal experiment, that such a course is 
worthy of his time and labour, and this he can 
do only by turning first to the salient portions 
which cannot fail to reward him at once and 
encourage him to proceed. 

In his small book, “ Evolution the Master-key,” 
the present writer has attempted to introduce 
the works of Herbert Spencer to the twentieth 
century reader in the light of the latest know- 
ledge that we now possess. 

HERBERT SPENCER'S WORKS 

Published by Williams & Norgate 

“ An Autobiography,” 2 vols., 28 b., net, 

A System of Synthetic Philosophy. “ First 
Principles,” 7 b. fid. ; “ Principles of Biology,” 
2 vols. , 368. ; ‘ ‘ Principles of Psychology, ’ ’ 2 vols . , 
368.; “Principles of Sociology,” Vol. L, 21s.; 
Vol. II., ISs, ; Vol. III., 168.; “Principles of 
Ethics,” Vol. I., 158. ; Vol. II., 12s. 6d. ; 
“Justice” (separately), 6s. 

Other works. “The Study of Sociology,” 
IDs. 6d. ; “Education,” popular edition, 2s. fid. ; 
“ Essays,” 3 vols. 10s. per vol ; “ Social Statics 
& Man v. State,” in one vol., 10s. ; “The Man v. 
The State ” (separately), Is. ; “ Facts and Com- 
ments,” 6s. ; “ Various Fragments,” 6s. ; 
“ Reasons for Dissenting from the Philosophy of 
M. Comte,” 6d,; “A Rejoinder to Professor 
Weismann,” 6d. ; “ Weismannism Once More,” 
6d. ; “ Against the Metric System,” 3d. 

Dbsceipttvb Sociology. “ English,” IBs. ; 
“ Ancient American Races,” 16s. ; “ Lowest 

Races, Negritos, Polynesians,.” IBs. ; “ African 
Races,” 16s. ; “ Asiatic Races,” 18s. ; “ American 
Races,” 18s.; “ Hebrews and Phoenicians,” 21s. ; 
“French,” 308. 
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Group 8 

DESIGN THE PRINCIPLES OF DESIGN 

1 Draugrhtsnuuiship and Study. Tradition and Nature. Symmetry, Balance, Re> 

petition, Congniity, and Contrast. Line and Curve. Conventional Plant-forms 

irolu pRJfC « 


By P. G. KONODY 


IT in imposes! I »le for anyone to design good 
^ omamont without having first acquired a 
mastery of the art of drawing. A dramatist 
cannot write a successful play without a sound 
know^ledge of stagecraft, and in the same w^ay 
good dmughtsmanship is essential to a designer, 
for it is the scaffolding on which all his work is 
1 )uilt. Intc'lligence. imagination, observation, are 
ail necessary qualities, but though a student 
may overflow' with ideas, ho will never l>e abli; 
to give them expression unless he has heeome 
an accomplished draughtsman. 

In the second place, every opportunity 
should be taken for studying the masterpieces 
of past periods. It is a mistake to suppose 
that inborn originality and natural genius are 
all sufficient in themselves, and need no nutri- 
ment of study. Education and knowledge are the 
only true foundation of strength and confidence. 
“ Design." WTote Ruskin, “ is not the offspring of 
idle fancy ; it is the studied results of accumu- 
lative observation and delightful habit.” 

The Help of Museume and Churchee. 
The student should always carry his sketchbook 
in readiness to note a characteristic piece of 
design or a beautiful detail of ornament. The 
patterns and schemes of decoration in use af. 
different periods for buildings, furniture, domestic 
utensils, i>eiwonal ornaments, and so forth, 
should form subjects for observation. Particular 
attention should be paid to the way in which 
tools, materials, and methods of work have 
influenced the treatment of ornament among 
different nations at various periods in the world's 
history. In any old church will be found 
scores of objects of Iwauty and interest, arclii- 
tt^ctural features, sculptured monuments, carved 



1. GREKK ANTHEMIOX. OB HONEYSUCKLE 
ORNAMENT 

w'oodwork, work in iron, gold, silver and brass, 
windows, mosaic floors, gold and silver vessels, 
all of them full of inspiration and suggestion. 

The Vftlue of a Notebook* Above 
all, the student should further his studies by 
w'orking in museums, which, to the intelligent, 
are not all the “ cold tombs ” that a French writer 
named them. The study of historic ornament 
is not to be despised, and much may be learned 
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from Ihc primitive ornament of savage tribes, 
w'ith Its zigzag [2J and interlacing patterns, its 
rude adaptation of human and bird forms. The 
history of design is one of gradual development, 
from primitive patterns to the perfect art of 
Greece, with its sculptured friezes and carved 
capitals, its splendid vases and metal ornaments ; 
to the ivories and enamels of mediaeval days ; 
to all the glories of the Renaissance, with its 
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stained glass, its tapestrit*s and embroideries, 
its furniture, its perfect finish in gold and silver 
work, and in all objects of use and costume. 
All periods and all kinds of art have their lessons 
to teach, Ic^ssons that should always be noted. 
For tt» the designer a w'cll-stored notebook is as 
important as a well-stored memory. Captain 
Cuttle's “ When found, make a note of ” is 
an excellent maxim, perhaps even better ex- 
pressed by an old essayist, who wrote : “ Wliai 
you obsoi^’c of worih.’ take notes of ; for the 
leaves of your books are easier turned over than 
the leaves of your memory.” 

Tradition and Nature. While the 
would-be designer should be steeped in tradition, 
and take every opportunity for the study of 
ancient art, ho ’must clearly understand that the 
knowledge thus acquired must not be used 
as a means of paraphrasing and reproducing 
old themes, but as a sure foundation on which 
his creative faculty can base and develop new' 
ideas. Then^ are, of course, certain forms 
and ornaments that centuries of use and slow 
development liave brought to stereotyped per- 
fection that must be accepted and constantly 
adapted without thought of alteration or im- 
provement. At the same time there is always 
scope for modem originality. Tlie Greeks brought 
the conventional lotus, honeysuckle [1] and 
acanthus ornament to absolute perfection ; but 
it must be rememberc»d that the principle of 
this ornament may be applied to hundreds of 
other plants and flowers, and that modem 
civilisation has produced a hundred fresli 
directions in which design and ornament can bo 
employed. 

Nature the Art of God. The history 
of desij^ in the industrial arts is an interestii^ 
study in evolution. Rude primeval models 
gradually improved to meet the varied wants 
and necessities of mankind In the progress of 
[civilisation. All the familiar and elaborate forms 
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more clo^ly it approaches imitation of Nature; 
The realistic repetition of a flower or group of 
flowers is incorrect and displeasing to the eye, 
for the reason that in each natural form there 
are varying modiflcations and accidental details, 
which in Nature are never identically repeated. 
In an avenue of trees, for instance, no tree exactly 
repeats another. Directly repetition is applied to 
anything beyond ornament it threatens mono- 
tony, as in the case of a succession of windows 
or a row of railings, all equidistant and uniform. 
This monotony, however, may readily be broken 
by the introduction of a larger window or a more 
important post at regularly recurring intervals, 
and the result is then a pleasing rhythm. 

Radiation. Radiation is the law whereby 
groups of lines diverging from a common centre 
suggest common origin or growth. In Nature, the 
principle may be noted in the human hand, in 
plants and trees, the feathers of birds, the tail 
of the peacock, the shell, the water of a fountain, 
or the rays of the sun, the 
frost flowers on a window- 
pane. It follows that radia- 
tion when applied to design 
gives at once a natural vitality 
and vigour. It suggests con- 
structive strength as well as 
lightness and perfection of 
balance, as can be seen in the 
Corinthian capital, in the 
vaulting of Gothic archi- 
tecture, in the piers of a 
bridge, in the folds of drapery, 
in the wheel, and in the 
homely fan. 

Congruity. The prin- 
ciples of congruity imply the 
harmonious relation betweori 
the different parts of an object, 
or between the complete object . 
and its surroundings. Styles 
^ of different periods must never 

, 3. MOSAIC PATTERN IN THE BAPTISTERY be employed SO ^to producc 

metry. While perfect sym- at Florence, showing the principle R harsh discord. The principle 
metry is rare in Nature one qp countbrchangb often abused in 

of iJature’s most important the clashing furniture of 


in architecture, furniture, textiles and so forth 
have been developed from elementary beginnings 
to suit the changing conditions of society. 
But the more one studies historic and traditional 
ornament, the more apparent it is that all design 
is based on Nature. In the first place, all 
objects of design, from the wonders of architec- 
ture down to the most trifling personal ornament, 
are influenced and modified by the natural 
material, be it wood, stone, iron, gold, silk, wool, 
in which they are wrought. In the second place, 
it will be observed that the basis of all design 
lies in the lines and forms of Nature, in its struc- 
ture and growth, as displayed in the human 
form and in animals, trees, shells, birds, waves, 
etc. “ Art,” wrote Sir Thomas Brown, “ is 
the perfection of Nature. In brief, all things 
are artificial ; for Nature is the art of God.” 

Symmetry and Balance. From the 
study of Nature and of tradition, and from the 
comparison of all that is most beautiful in Nature, 
and in applied art, certain 
fixed laws or principles may 
1)6 deduced, which govern all 
sound design. One of the 
first is that of symmetry and 
balance. By symmetry is 
understood the placing of 
similar masses or lines on 
either side of a common axis 
so as to repeat and answer 
to one another. It is the 
simplest means of producing 
ornament, for it consists 
merely in the doubling of 
some ornamental form. Ab- 
solute symmetry is rare in 
Nature, though in most of 
Nature’s work there is a sug- 
gestion of it. A front view of 
the human figure, or of a 
butterfly with spread wings, 
gives an example of near 
approach to absolute sym 



laws is that of balance, the arvcuogement of 
dissimilar masses or lines so as to produce an 
impression of harmony. A tree is never 
symmetrical, yet it will be seen that the 
branches on one side of the trunk balance 
those on the other, and the same truth applies 
to the veins in a loaf. In filling a defined 
space with design, if you place a mass of form 
or colour on one side of a centre line, the need 
will instantly be felt of balancing it by a corre- 
sponding mass, not necessarily identical. 

Repetition end Rhythm. Another 
great principle in design is that of repetition. The 
use of a seouenoe of corresponding units poxHiuces 
at once a harmonious effect In the b^ders of 
ancient and classical art, in the anthemion and 
egg-and-dart ornaments, for instance, a {deasing 
and rh 3 rthmioal quality is product by the recur- 
r^uoe of some simple lorm. It will be found that 
the more abstract a form is the betm it will bear 
repetition, and that it becomes less suitable the 


modern houses, where the Jacobean and Louis 
Quatorzo periods, the Chippendale style, and 
that of the Gothic revival, often meet in hap- 
hazard union. In our cathedrals, where Norman 
architecture runs into Early English, and Early 
English is joined to Decorat^ and Perpendicular, 
there is always the connecting idea of gradual 
growth and mogress in transiuonal stages. For 
an example, bowever, of the utterly inoongruous 
in archit^ture, one may instance the church of 
St. John, Horsleydown (on the south side of the 
Thames, near the Tower Bridge), where a debased 
Corinthian column is used as a spire, the very 
essence of a column being the idea of support ; 
used, too, on a building of the Renaissance style. 
Ano^er example is the classical doorway, a 
so-called restoration, added by Sir Christopher 
Wren to the Norman work of the north tremsept 
of Ely Cathedral. 

Contrast. One of Nature’s most obvious 
laws is that of contrast, m ei^emplified in day and 
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night, summer and winter, male and female, 
flower and leaf, land and sea. In tlie marking,^ 
of animals, the plumage of birds, the colouring 
of flowers, it will be observed that constant 
beauty is produced by contrast in form and 
colour. In design, therefore, contrast is one of 
the means of obtaining freshness a^jd variety. 
Wliat makes the beauty of a Corinthian capital 
is largely its contrast with the simple column 

beneath "it. Any draw- 

ing in pure black and 
white shows the value 
of contrast. One of 
the most striking in- 
stances of the universal 
device of contrast is 
symmetry, of which wc 
have spoken, where the* 
design on one side of ii 
common axis is reversed 
and contrasted w’ith the 
other Bide. By means of colour, or by light 
and shade, contrast may be infinitely developed. 
The egg-and -tongue [8] and the anthemion [1 1 
patterns show contrast of black against white 
and of straight line opposed to curve. Another 
example of contrast is the chequer or chess- 
board pattern, one* of the oldest and most 

universal of ornaments. 

Counterchange. A further application 
of contrast is the use of 
eounterchange, by which 
a pattern is designed so 
that the ornament forms 
an exact counterpart of 
the ground, and vice 
versa [8]. Counter- 
change was largeily 
employed in Arabian 
ana Saracenic decora- 
tion, and in Spanish and Italian textiles of 
the seventeenth and eighteenth centuries. In 
a w'ay it is a direct infringement of the laws 
governing proportion, for a design that leaves 
one in doubt as to what is ground and what 
ornament is more puzzling than satisfactory. 
In a simple geometrical diaper, however, such 
os a chessboard, or a plain mosaic floor, this 

fault is not apparent, 

and counterchange is a 
useful form of decora- 
tion. In a more com- 
plicated pattern it is 
apt to irritate the eye. 

Unity and Snb« 
ordination. A suc- 
cessful application of 
the other law's and 
principles of ornament 
will help to produce 
unity. Unity of style and decorative sub- 
ordination are essential elements in good 
design. Eveiy detail should oo-operate to 
the production of a single effect, dignity and 
beauty being impossible in any work of art 
without perfect unifoimity of idea and treat- 
ment. tn furnishing a room, for instance, 
wallpaper, carpet, furniture, should form a har- 
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iiionious concord of colour and design. Carpets 
and -wallpapers should be flat in treatment, 
subdued and quiet in colour, for they are a 
subordinate background to pictures and furniture. 
They must not form a picture in themselves, 
attracting the eye by vivdd contrast of colour or 
by pronounced pattern, but must serve, like the 
background in a picture, to relieve and heighten 
the central point of interest. So also in any 
complex piece of orna- 
ment one part should 
be emphasised as the 
most important, and 
the other parts should 
lead up to it, echoing, 
perhai>s, in a minor key 
the main motive. An 
ornamental handle or 
spout on a vessel should 
never seem to be an 
added afterthought, but 
a portion of the original scheme, an integral 
part of the whole. A common instance of 
want of unity occurs when the stem and 
leaves in a plant design arc treated in a 
formal conventional style, and then finished 
with absolutely realistic flowers. A good rule 
for the designer is that w'hatcver element of 
decoration he emj>loy8, be it vegetable, animal, 
or human forms, and whatever colour he uses, 

it should be repeated 

throughout his whole 
co^osition. 

The Straight 
Line. 8o far we 
have l»een dealing 
mainly with the prin- 
ciples and theories of 
design, and it remains 
to give some suggestions 
for their practical application. In the first place, 
it must be noted that the three essentials of 
design are line, form, and space. Line, the basis 
of all ornament, is used to give the framework of 
the design, to define the forms, and to express 
the lines of structure. Form is required to give 
substance, mass, and variety, as well as to express 
contrast in colour and relief. In actual adaptation 
■ ■ both of these will be 

found subservient to 
space, for it is obvious 
in djesign that line and 
form are always con- 
trolled by the fact of, 
their having to fill a 
definite enclosing space. 

The student should 
pay careful attention 

6. IJOFBLE GUILLOCHE PATTERN ^ expressiveness of 

Ime, noting how verti- 
cal lines (the lines of a tree or column) express 
support . ; how' horizontal lines (the lines of the 
ground or horizon) stiggest stillness and stability ; 
while undulating lines or curves (the lines of the 
weaves QT of wind-swept trees) indicate move- 
ment and natural growth. The elementary stage 
of design demands the noting of the number of 
patterns that may be evolved from the use of 



E(1YPTIAN BORDER ORNAMENT, SHOWING 
W'AVB PATTERN 
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the straight line. All the various regular geo- 
metrical forms—the triangle, squai'e, rectangle, 
diamond, lozenge, star, and every kind of poly- 
gon — are integral parts' of ornament, us^ 
largely as constructive bases in pattern designing. 
By following the principle of repetition, orna- 
ment can he obtained by straight lines in all 
manner of patterns, such as the zigzag^ so 
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characteristic of Polynesian ornament [2], or in 
the fret f4], employed largely by the ancient 
Greeks. 

The Line and the Curve. In Nature 
the curve is essentially the “ line of beauty,” and 
in design the repetition of a curved form at once 
produces an effect pleasing to the eye. The 
Himple meandei\ the guilloche, the spiraJt^ and the 
AcroU form effective borders [4 and 6]. The 
Greeks, bringing convention to bear on Nature, 
used the blue waves of the ^®gean Sea as the 
motif of their charming wave pattern [5 and 7]. 
Their arUhemion, or honeysuckle ornament [IJ. 
so frequently used for the decoration of vases, 
remains one of the finest examples of border 
ornament. The curves of the acanthus were 
wonderfully adapted in the capital of the 
Corinthian column. 

The combination of the straight line and the 
curve used in repetition supplies an endless 
variety of ornament for borders or mouldings. 
The anthemion design was frequently used on 
vases with double lines or a fret pattern beneath it. 
Tlie egg-and4ongue nwtdding [8] (figure shows 
the “ ovolo ” along with the astragalus or bead 
moulding) is a fine combination of the straight 
line and the curve. These Greek examples, all 
admirably adapted to horizontal extension, have 
hold their own from the earliest times as types 
of perfect design. The line and the curve also pro- 
duce systems of pattern adapted for indefinite 
extension both vertically and horizontally. They 
must be repeated on a geometrical rectangular 
basis. A repetition in two directions of squares 
(as on a chessboard) or of diamonds, or circles 
(single or interlacing), or combinations of these 
forms, produces what is called diaper. On this 
diaper basis may be built any superstructure 
of floral design. 

Plant Form in Design. Having gained 
the power of expressing ornament by means of 
straight lines and curves, the next step is to make 
use of plant form. The designer is more dependent 
on plants and flowers as a material for ornament 
than an 3 rthing else in Nature’s domain. The 
human ngure and animal forms are used inci- 
dentally, but plant ornament is the basis of all 
design. 

The first thing is to make a ceureful and scien- 
tific drawing of the plant, exactly as it appears in 
Nature, dwelling on all the varieties of form and 


surface, of light and shade. Now, even when 
starting to draw a plant with a purely graphic 
purpose, you will find that, consciously or un- 
consciously, you ore beginning to design. The 
selection of the point of view, the arrangement of 
your subject on the paper, are both elements of 
decoration. Having completed a careful study, 
the next step is to notice the governing lines in the 
drawing, to analyse the foliage and flowers with a 
view to the selection of ornamental forms to be 
derived from them. Your first drawing should be 
merely imitative, with elements of design ; your 
second, in its selection, its rejection, its arrange- 
ment, should be desi^ pure and simple. The 
second drawing shoulu show the plant displayed 
and flattered with seed-pods, bii’ds, flowers, and 
leaves treatt*d as motives for decorative orna- 
ment. 

In Nature there are all kinds of excrescences 
and accidental irregularities ; but the designer 
must no longer look at his plant with the eye of a 
botanist. The adaptation of plant form does not 
mean the t wisting and arranging of the plant to 
fit a required space. The artist must absorb the 
natural beauties of floral growth, and express 
them not by means of a naturalistic transcript, 
but by the abstraction and selection of their 
grace in line and form. To give a merely imita- 
tive rendering of natural forms is in most of its 
applications one of the falsest and most debased 
styles of ornament. 

The Repeat in Wallpaper. It was 

pointed out above that repetition was an essen- 
tial principle of ornament in the handicrafts of 
antiquity. To-day it is even more essential, owing 
to the demands of modern machinery. Machinery 
must necessarily reproduce a design by constant 
repetition, and whether a design be printed, 
stamped, or woven, the “ repeat ” is necessary. 
It is impossible here to enter into the vari^ 
requirements of different trades, but it may be 
well to consider the repeat in relation to one of 
the most important — that of the printing of 
wallpapers. Wallpaper in our country is printed 
from a block of 21 in. square. The designer has to 
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construct on this a pattern pleasing in form and 
colour, which will repeat all over the surface of a 
wall without flaw, and without losing its interest. 
The block may in itself contain one or more 
repeats. The repeat is extended in a vertical 
direction by successive printings of the block ; 
and in a lateral direction the extension is caused 
by the hanging of lengths of paper side by side. 


Continued 
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By Dr. A. J. HERBERTSON and F. D. HERBERTSON 


'T’HE Moditerrancnn cliinute unci ]iroduots have 
* received s])ccial attention in rn-evioiiR artic les. 
fSee especially pages 2230-4.] The Y>eculiaritv of 
rain falling in the winter lialf of year is of great 
economic significance. 

3'he economic development of the Mediterranean 
countries, however, de}>end8 partly on the con- 
liguration and position of the country, but even 
more on the stage of advancement of the iwpulation. 
In this long settled area can lie traced the rise an<l 
fall of jK^oples bettor than elsewhere, and the 
effects, economic and soc'ial, of differenl economic 
regimes. 


Economic Decay and Advance in 
the Mediterranean Countries. Asia 
Minor, once the most pros]:>erous part of the 
Mediterranean basin, is now the least so. The 
decay has been largely due to the neglect of roads 
and irrigation, the two ways which formerly 
ix*rmitted the circulation both of commodities and 
of the fertilising streams to the fields. The 
substitution of a pastoral for an agricultural 
civilisation leads inevitably to a decrease in the 
food-producing possibilities of the land ns well as 
to the diminution of its trading capacity, and 
the decay alike of its commercial routes and 
of the government which protects a. settled 
l>opulation. 

Egypt, on the other hand, has progi’essed enor- 
mously in recent years, through the security afforde<l 
by the reform of its government and the improve- 
ment of its irrigation. 

Turkish and Egyptian Trade Com- 
pared* The trade figures of the Turkish Empire 
are, unfortunately, old and unreliable. The exports 
rirobably amount to £15,000,000 and the imports to 
a bout ^23,000,000 ; but by some the imports and 

Avrkrkv.'fcl ClIMk nci^in%n4’.wl rWVl 


IraportN 


Raw cotton 9,532,000 Textiles . . 2,583,000 

Cereals and Metals and 

vegetables 2,273,000 manufactures 857,000 

827,000 (Cereals and 

vegetables . . 779,000 

Wood and coal 1,074,000 

Miscellanoous . . .3,007,000 


Total of all Total of all 

12,632,000 kinds . . 8,390,000 


Greece. With its mountains and narrow* 
plains, Greece is not suited to great agricultural 
development. C^Sirrants and iron ore aro the 
chief exjKDrts, with wines and oil secondary ones. 
One-third of the imports are agricultural pro- 
ducts, and one-seventh textiles. By far the largest 
trade is with Britain. 

The Western Mediterranean Lands. 

The Western lands are much more advanced, and 
present a considerable economic contrast to thosf' 
of the Eastern basin. The lowlands arc greater in 
area, and are more carefully cultivated. Wine and 
oil form an even more important part of their pro- 
ducts. There is little industrial development, exce])t 
ill Northern Italy, Southern France, and round 
Barcelona, in S]:)ain. Portuguese, Algerian, and 
Tunisian statistics are more comparable with those of 
the Eastern lands. Algerian, Moroccan, and Tuniriun 
trade is still largely agricultural. Over 30 jxr 
cent, of the exports from Tunis, which are valuea at 
77,000,000 francs, consist of cereals, over 1 2 per cent, 
of olive oil, while phosphates, zinc, and lead ores 
a mount to over 21 jier cent. Textiles, iron goods, 
flour, sugar, and coal are the chief imports. The 
bulk of the trade is with Fraiiec. Jlext come 
Algeria, Italy, and Britain. 


cereals, and flour. 

Compare with these the returns from Egypt for 
1005 in Egyptian money (£1 E "£l Os. fijd.). 


Rxpottn 

A(K; 



Raw cotton . . 

15,806,000 

Textiles 

6,053,000 

(.'ereals and 

Metals and 

vegetables . . 

2,780,000 

manofacturoB 

2,837,000 

.Dni((s . . 

630,000 

Cereals and 

Animals and 

vegetables . . 
Wood and coal 

2,793,000 

prodaets (in- 
cluding liidoi) 

818,000 

2,679,000 


Total of all 


Total of all 


kinds 

19,484,000 

khuls 

14,362,000 


Perhaps no more telling proof of the change in 
^ found than a comparison of Egyptian 
figures for 1906 with those of ten years earlier. 
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smaller (only lOJ j>cr cent.), while wine is an im- 
}>ortant product (35 per cent.). Live animals account 
for 12 iier cent., and hides and wool for 6 per cent. 
Phosphates are not quite so valuable as in Tunis, but 
iron and zinc ores are worth nearly 5 per cent, of 
the exports. The im|)ort8 resemble those of Tunis. 

Over 80 jier cent, of the total trade is with France. 
Britain coming next with little over 3 per cent. ; but 
Belgium takes nearly as much from Algeria as 
we do. Germany and Italy both figure more promi- 
nently in the export than in the import columns, 
wdiile Brazil, Morocco, Spain, and even the United 
States are more mominent in the import columns. 

Moroccan trade is comparatively small. Products 
such as e^s, almonds, wool, wax, birdseed, and 
beans, ujhicli require no great care to produce, are 
exchanged for cottons, sugar, and tea. 

PortugueM Trado* Nearly half the country 
of Portugal is waste land, and one-tenth is under 
fruit trees and shrubs, of which one-fifth is vineyards. 





Wioe (over one-half of it port) is by far the 
most important export (nearly one-third), and cork 
comes next (one-eighth). Ftuits, ilsh (especially 
tinned sardines), cotton, and copper ore are other 
important exports ; 26 per cent, go to Britain, 

18 per cent, to Spain, 17 per cent, to Brazil and the 
Portuguese colonies. Britain obtains 22 J per cent, 
of its wine from Portugal, Cotton and cottons, wool 
and woollens, coal, iron, and machinery, codfish, 
wheat, sugar, wood, and livestock are among the 
chief imports — 30 per cent, come from Britain, 
17 per cent, from Germany, 10 i>er cent, from the 
United States of America, 9 per cent, from France, 
and 9 per cent, from Spain. 

The position of Lisbon makes it an important 
cntreinH centre, to and from which is carried 
produce from South America, more particularly 
from Brazil and from the Portuguese colonies. 

Economic Divialona of Spain. There arc 
four groat areas in Spain: (1) The forested and 
mineral mountains of the north ; (2) the pasture 
lands of the Meseta and the Ebro valley, which ore 
only here and there cultivated ; (3) the mineral 
zone of the Sierra Morena and Sierra Nevada in the 
south ; and (4) the fertile plains of Andalusia and 
the terraced hillsides of the coastal regions of the 
Mediterranean. In this region is Barcelona, the chief 
manufacturing centre, noted for its cottons, silks, 
woollens, and paper (made largely from esparto 
grass). 

Spain has two outlets : (1) By the Mediterranean 
to the east and south and west; and (2) by the 
Atlantic to the west and north. The internal routes 
are poor and inadequate, and this greatly hampers 
Spanish economic development. One- third of Spain 
is cultivated, one-fifth produces fruits, and another 
fifth is under grass, while nearly 4 jier cent, consists 
of vineyards. 

Spanish Exports and Imports. From 
the north of Spain iron and iron ore and partially 
manufactured iron are exported, especially from 
Bilbao, where there are many ironworks. Some zinc 
and cobalt arc also exported from this district. The 
southern mineral zone yields much copiier (exported 
from Huelva), silver, silver-lead, lead and mercury 
(Almaden). Metals, minerals, and their manufac- 
tures amount to 34 jier cent, of the total value of 
exports — 874,000,000 {^setas (say, 33 J pesetas = £1). 

The wine, grapes, raisins, oranges, figs, olives (and 
olive oil) and other fniits shipped from the Medi- 
terranean ports and Cadiz amount to nearly 
40 per cent, of the exports. 

Spanish imports include alimentary products, 
such as grains to a ))ercentage of 20 per cent, of the 
total of 846,000,000 pesetas in 1904 ; while raw 
cotton, or cotton goods, formed 13 per cent. (k>al, 
iron goods, and machinery form an important group 
of imports. 

Spanish trade relations are worth analysing. The 
eight States with the greatest trade are. 



Rxportu to 

Iinporta from 


1,000 of pesetiui 

1,000 of pOflflfMM 

United Kingdom 
France . . 

German Empire 
United States 
Portugal . . 

Cuba .. 

808,106 

189,508 

44,602 

27,408 

8M18 

27,212 

80,661 

80,401 ; 

172,278 

182,612 

02,800 

102,006 

88,462 

84,670 

26,016 

4,623 

Britain, France, and Cuba take more exports 
than oth^ countries. To^ Britain and PVanoe are 
sent much iron ore, wine and fruits; to Ouba^ 
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wines and manufactured articles. Britain, France, 
the United States, and the German Empire supply 
most of Spanish imports, mainly manufactured 
articles, with cereals and cotton, in addition, 
from United States. 

Economic Divisions of Italy. Italy is 
mainly agricultural, and over 70 per cent, of its 
surface is productive. Wheat is grown on 17 per 
cent, of the surface and vines on 14 per cent., the 
maize fields and olive groves being next in import- 
ance. On the hill slopes mulberry and other trees 
flourish. On the Alpine meadows and grassy flood 
plains many cattle are kept, and cheesemaking is 
important. 

Apulia, which produces hard wheat from which 
macaroni is made, in the east is divided by the 
Apennines from the fertile flood plains and hill 
slopes of the west, while the Sicilian region and the 
Neapolitan Campagna, with their lemon, orange, 
and olive groves and vineyards, and Tuscany, with 
fewer oranges and more vines and olives arc the 
most productive. Except sulphur from Etna, marble 
from Carrara, iron ore from Elba, and some iron, 
silver, lead, and zinc from Sardinia, the produce is 
mainly fruits and wine and olive oil, with straw 
plait, and artistic articles for tourists. 

Northern Italy is shut in by mountains. The irri- 
gated northern plains are cold in winter, very w’arm 
in summer, so that not only wheat and maize, but 
even rice is grown. The perennial streams yield 
abundant water supply for the electric power which 
is so important in an area where there is no coal. 
The chief manufacture is silk, the silkworms being 
fed on the mulberry leaves, and the cocoons un- 
wound in many villages. The chief centres are 
Como, Brescia, Bergamo at the opening of 
Alpine valleys, and Milan, the great city of the 
plain. Engineering works have become of great 
importance at Milan, Turin, and other centres. 

The outlets of this northern region to the sea are 
by Genoa, reached by fairly easy passes, and, to a 
less degree, tlirough Venice. The Alpine tunnels 
connect it with tnc colder lands of Central and 
Western Europe, to which its richer produce is sent. 

Italian Exports and Imports. Of Italian 
exports, raw silk is by far the most important, 
forming 26 per cent, of the total of nearly 
1,600, 0^,000 lire (26 lire = £1). Cotton and silk, 
olive oil, flax and hemp, sulphur, eggs and wine 
come next. Switzerland, the German Empire, 
France, and the United States are the chief cus- 
tomers ; then come Austria-Hungary, Britain, and 
the Argentine Republic, to which so many Italians 
have emigrated. 

Of Italian imports raw cotton is the chief, 12 per 
cent, of a total of over 1,900,000,000 lire ; coal 
and coke in a coal-lcss land naturally come next. 
Cereals to the value of over 126,000,000 lire are 
brought into the country, and the local raw silk is 
supplemented by over 100,000,000 lire worth, ob- 
tained mainly from the Far East. Ironwork and 
machinery, timber, wool, hides, and cured fish are 
among the other imi^ortant imports. 

Of these imports 17 per cent, come from Britain, 
which sends far more goods to Italy than it receives 
from it. The German Empire, United States, 
France, Austria-Hungary and Russia are the next 
most important sources of import. 

The position of Italv is a favourable one for 
commerce. In touch through the Alpine tunnels 
with the Great Powers of Continental Europe, 
it is -ccfunected with the Atlantic and Indian 
oceans the Strait of Gibraltar and the Suez 
Canal. ^*1^011^ it cannot be expected to attain 
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the preponderant part which it played in mediaeval 
commerce, it« economic development and coni' 
mercial expansion are both assured. 

Economic Divisions of France. The 

tliree mountain areas of the Pyrenees, Central 
Plateau and Alps are of small economic importance 
compared with the three lowland areas, southern, 
M^estem and northern, each of which touches a 
different sea. [See jiagos 1081-4, whore a full 
description will be found.] Nearly 42 per cent, 
of working people are farmers or foresters, 30 jKJr 
cent, are engaged in manufacturing industries, 

1 2 per cent, in trade and transport. 

The southern lowlands of Ijanguodoc and Provence 
face the Mediterranean and belong to Mediterranean 
type of county. Wheat and maize, and lucerne are 
grown in the nelds, but olive groves and vineyards 
are more important, and on the hillsides the mul* 
bony flourishes and silkworms are reared. 

Silk weaving is carried on chiefly at Lyon 
on the Rhone, near the St. Etienne coalfield, 
where St. Etienne is noted for silk ribbons, 
but spinning is common through all the 
southern region of France. Marseille is 
famous for soap, candles, and other works 
depending on copra, palm oil, and other 
tropical ])roduco brought by its fleet of 
merchant ships from warmer lands. More 
wine is produced liere than in any other division 
of France, and much of it is shipped^ at Cette. 

The Weetern Lowlands and the 
Central Highlands. The western lowlands 
of the Garonne imsin produce much wine (clarets) 
especially round the Gironde estuary, where 
Bordeaux is the port and chief commercial centrt . 
Maize is still an important cereal. Throughout 
this area fruit- preserving, esj^ially of plums, is 
important At Bordeaux colonial produce, esjiecially 
sugar, is prepared for the market. The centra! 
highlands support large flocks of sheep and herds 
of cattle, but agriculture is important in the fertile 
plains of the l/oire and the Allier. Vineyards arc 
found all round the margins on terraced hillsides 
facing the south, especially on the limestone heights 
of the Cote d’Or, which link the (Jeiitrnl Plateau to 
the Vosges. Hei-o the wines of Burgundy are made. 
The chief centres arc Dijon, Beaune and Macon. 
Small coal and iron fields round the margin give 
rise to numerous small industrial centres, l^hc 
metal works of Le Creuzot and St. Etienne arc the 
most important, but minor smelting and machine- 
making centres are in the Nivernais, Alois, and 
Rouer^e. Woollens are important in Languedoc, 
round Bedarieux, and porcelains round Limoges. 

Northern and Eastern France. The 
northern lowlands are mainly in the Seine basin, and 
they may be considered to extend westwards down 
the Loire to the Bay of Biscay, northwards through 
the low hills of Picardy and Artois, and eastwams 
across the heights bordering the Meuse and the 
Moselle. This is the centre of wheat and beet- 
growing. Apple orchards and eider become important 
in the north.' Vineyards and wines, including 
sparkling wines are found in the south, in the 
Cnampagne and l.ioire districts. 

There are four great industrial areas in 
Northern and Eastern France: (1) The Parisian 
district, making dbjeta de luxe^ pottery, paper, etc. ; 
(2) the lower Seine, where English coal, Am^ican 
cotton, and Argentine wool can be brought cheaply 
to Rouen (cotton) and Elbeuf (woollens) : (3) the 
eastern indiistrial area supply with coal from 
the Saar fields, making iron and steel and cotton ; 
(4) the northern coalfield with its cottons, linens, 
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and woollens made at Lille, Tourcoiug, Eoubaix, 
Valenciennes, Reims, and other centres, numerous 
iron and steel works, and many sugar factories, 
most numerous in the western margin, where most 
sugar beet is grown. Dunkirk is the outlet for the 
region, which is intersected by a good canal system 
running to Paris. 

French Trade. Hie table given below shows 
genernllv the chief divisions of French commerce and 
their values during the past four ye^rs (a franc ^9 J). 

From such a tiible we notice the variations from 
year to year, which it is not possible to analyse in 
the brief sjiaeo at our disposal here. This, however, 
warns us to use mean values as much as possible. 
Further, we notice how Franco exports almost as 
much food products as it imports, and in this 
respect it differs from other industrial countries 
of Western Euro^ie. A third point is that both 

ExporUt (1,(I(K),00Q fTMH*!*! 

19r>4 1902 1004 

818 i Ofil 817 SOO 707 663 

2,7W); 3,021 3,026 1,170 1,176 1,221 1.20J 

777 i 810 832 847 2,376 2,413 2,637 

4,304 i 4,801 4,602 | 4,673 4,262 4,461 ij 

imports and exports of manufactured goods are 
increasing, a sign of healthy development. 

French exports in 1904 consisted of textiles. 
10 per cent. : silk, 0*4 per cent. ; woollens, 4*8 iwr 
cent. : and cottons, 4*8 per cent., formcMi the most 
important class of ox|)ort8. The fine French 
workmanshiji and taste ensure a market for highly 
priced goods. Raw wool and yam, 0 per cent!, 
raw silk and yarn, 3 jjer cent., are both important. 
Wine, 4*8 per cent., is the chief alimentary product, 
small waje, 4*4 ^ler cent., leather, linen, and metal 
goods, skins and furs, and chemical products (each 
about 2J per cent.) come next. 

Britain takes 27 per cent, of these exports 
(largely silk and woollen goods, wine, sugar, butter, 
leather, carriages, clothes and cotton goods). 
Belgium 17 i>er cent., Germany 14 per cent., Algeria 
7 A ^H?r cent., the United States and Switzerian<l 
each 7 per cent. The United Kingdom is thus by 
far the best customer of France. 

French Imports. Raw wool, 8,^ ]3er rent., 
raw cotton, 7.1 i>er cent., and raw silk, 7 i>er cent., 
are the chief imports. The lack of coal is made 
up by importation of coal and (5oke, in decreasing 
quantities, but still amounting to 5 ^ler cent of the 
total imports. Oil seeds, }>er cent., timbt*r, 
3i |»ere€*nt., hides and furs, 3 per cent., and cereals, 
2| jicr cent., are the next items. 

The United Kingdom and the United States 
have the greatest share in supplying French nee<ls, 
each being 121 cent. From Britain come coal, 
woollen and cotton goods, machinery, metals, and 
chemicals. Then come Germany, 10 per cent., 
Belgium and Russia, each over per cent., Algeria 
and Argentina, each 6 per cent. 

Briti^ trade is thus by far the most important 
for France,’ then 'that of Germany and the United 
States, showing that countries well developed 
economically have very large trade with eaoh otW. 

The French transit* trade is considerable. The 
^neral exports for 1904 were worth 6,744,600,000 
francs, those of French produce, 4,461,000,000, a 
difference of 1,203,500,000, or 22^ per cent, of the 
export trade. The favourable position of France in 
the Mediterranean and Atlantic and its contiguity 
to the great European states explain this trade. 


F(»Otl lll't Millets 
llaw pIVHlUCtH 
Mamifaetiired k*^kIs| 

Total 



The Belgian Industrial Area. The 

Belgian industrial area is a continuation of that of 
Northern France. It is osi>ecially famous for 
linen made from local and imported flax (at Ghent, 
Toumai, and Courtrai), woollens (at Verviers) 
from Ardennes, as well as imported wool, and round 
Liege for steel and engineering works near thc‘ 
rich ironliclds of the Ardennes and the zinc of 
Vieillc Montagne. Lace is made at several towns 
(Mechlin, Brussels), while at Antwerp sugar is 
refined and beer and spirits are made. 

Belgian Exporte and Imports. The 

trade of Belgium presents many contrasts with 
that of France. It has not the same variety of 
agricultural produce, and the country is not nearly 
as self supporting. Its rich coalfields, on the other 
hand, yield more than enough for home U8<\ Its 
transit trade is even greater than that of France, 
and forms 43 i>er cent of the export trade of 

3.849.000. 000 francs. 

Antweri) is one of the great wheat ports of the 
world, llie wheat is distributed by rail and also 
by water. It is towed in barges up the Rhine, even 
as high as up to Strassburg. Some may even be 
sent to Strassburg by such a roundabout way os by 
the Meuse, and the Rhine and Main Canal at a 
higher cost, and taking much longer time. As it 
saves the Strassburg merchant the cost of ware- 
housing, this route is taken by part of the wheat. 

Of the s{)ecial export trade of 2,183,000,000 francs, 
iron and steel form 8^ per cent., machinery and coal 
amount each to about 5 per cent., raw wool, linen 
yarn, diamonds (cut at Antwerp) and flax each to 
over 4 per cent,, wheat, zinc, and indiarubber (from 
the Congo) over or nearly 3 per cent. Germany 
takes 23 |>er cent., Britain 18 per cent., France 
15i iier cent., and the Netherlands 12 per cent, of 
these exports, the United States only 4 per cent. 

Belgian imports for homo use are valued at 

2.782.000. 000 francs. Wheat figures prominently 
and amounts to nearly 11 per cent, of the total. 
Timber, raw wool and flax each come to about 

per cent. Hides, diamonds, coffee, chemicals, 
coal, iron ore, raw cotton, machinery, are among 
the other important items. 

Most imports come from France, nearly 17 per 
cent.; Germany and Britain, each about 12J |H‘r 
cent., Netherlands, 9 per cent.. United States, 8 jier 
cent., Russia, 8 per cent., Argentina, 7 per cent., 
and British India, j)cr cent., are the otlior chief 
soimces of supply. 

Switserlandt the German Customs 
Union, and the Netherlands. The 

Central European countries have not the advantage* 
of France in iK)sition, although in the sheltered 
valleys of the south the vine comes to perfection. 
Although Alpine tunnels and tlie Rhone valley afford 
routes to the Mediterranean, still most of the 
commerce finds its way north to the Rhino, Weser, 
Elbe, and Oder ports. 

The Swiss and South German farmers cultivate 
maize, wheat, flax, hops, chicory, and tobacco on 
the richer lower plains, and barley, oats, and rye 
on poorer soils and higher fields. The terraced 
lower sunny slopes of the hills ore covered with 
vines and the rest with forest, up to the level of 
Alpine meadows above which comes the snow line 
in Switzerland. 

The North German and Dutch plains are not 
suited for maize, and even wheat is not much 
cultivated. Towards the east and south-east rye 
becomes the most important crop. Potatoes, froin 
wliicli spirit is distilled, are abundant in the middle 
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Elbe and all of the Odor basins, and sugar beet is 
a most valuable crop in Silesia and the area between 
the middle Elbe and Weser. 

The Swiss Industrial Area. An im- 
portant industrial area lies in the northern plateau 
of Switzerland, between the Alps and the Jura. 
Though lmm];x)red by an absence of coal, Swiss 
energy and education have developed great in- 
dustrial prosi^erity, which is expanding with the 
increased utilisation of the abundant water power 
converted into electricity. Engineering works arc 

x^uriuii uiiu vv iiii/ci'i/iiur v^ueuuiui/ivuH;. v^utmii.s 

are made at St. Gallen and Ziiricli, and silks at 
Zurich and Basel. The watch trade is commonesl 
in the south-west, round Chaux-des-Foncls. Le Lode, 
and Geneva. 

Swiss Trade. Switzerland exported 

935,000,000 francs w'orth of goods in 1904, and over 
1,0(K),0()0,0(K) francs in 1905. Its manufactures, 
silks (25 per cent.), cottons (18 i)er cent.), clocks 
and watches (13 per cent.), and its preserved foods, 
cheese, condensetl milk, chocolates, spirits (13 per 
cent.), ai*e sent, not merely to adjacent countries, 
but over the seas. While Germany takc.s 22J |>cj- 
cent., Britain takes over lOJ per cent., America 
15| i)er cent., and France only 11 J per cent, of the 
exports. 

Swiss imi)ort8 in 1904 amounted to 1, 323,000, OCKi 
francs and in 1905 to 1,433,000,000. Switzerland 
has to import food for its industrial population 
(23 per cent.), while raw and manufactured silk, 
cotton and w^ool, metals and minerals form the 
next imjMjrtant items. 

Germany (28 per cent.), France (18 j>er cent.). 
Italy (13 i>cr cent.), America, Austria-Hungary, and 
Russia (each l>etween 6 per cent, and 7 per cent.) 
supply the bulk of these commodities, the British 
proportion being under 4J per cent. 

The SoMth German Industrial Areas. 
The industrial areas in South Germany arc in small 
groups. The only coalfield is that of the Saar 
valley, where ironworks are important, as well os 
in the Grand Duchy of Luxemburg. The iron 
ores east of Niimberg supply material for the 
other smelting works. Engineering is important 
in the capitals of the different states and in otlicr 
large towns. Cotton manufacturing is the most 
important textile industry, and is carried on «l 
Mulhauscn and Colmar in Alsace, Freiburg in Baden, 
where some silk is also made, and at Stuttgart, 
Darmstadt, and other towns in Central and Southern 
Wurttemberg. Greater use is being made of tin* 
abundant water power of the southern highlands. 
Chemical works of great importance exist in the 
northern part of this area in Ludwigshnfon, Mann- 
heim, Frankfurt-am-Main. Niimberg, and Stuttgart. 
Brewing is imiKjrtant all over Germany, especially 
round Alunich and the other capitals. 

Silesia and Saxony. The Silesian indus- 
trial area is near rich fields of bituminous and of 
brown coal. Iron industries are common near the 
former, at Gleiwitz, Konigshiitte. Engineering 
W’orks exist in the larger towns such as Breslau 
and Liegnitz. The local flax and wool make 
linen and woollen manufactures important all 
along the base of the Sudetes, especially at 
Schweidenitz, Liegnitz, and Giirlitz. Cotton i.s 
spun and woven at Breslau, Glatz, and Gdrlitz. 
Sugar is extracted from sugar-beet, at Breslau and 
other centres. 

The Saxon industrial area has important coal, 
iron, and other metalliferous dei) 08 it 8 . Freiburg 
is the chief mining centrt'. Clhemnitz, Dresden, 
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Leipzig, and all the larger towns have engineering 
works. Local wool makes the fabrication of 
woollen goods very important. As Saxony is in 
closer touch than Silesia with the oceanic routes 
by the Elbe and Hamburg, cotton manufacturing 
is much more in^ortont in Saxony, and is carried 
on at Chemnitz, Zwickau, Plauen, and other centres. 
The potteries of Meissen (Dresden ware) and the 
book trade of Leipzig are special industries of this 
region. The salt of Halle, Stassfurt and other 
centres gives rise to chemical works. 

North German Industries. The in> 
dustries of the North German plain consist mainly 
of those which elaborate agricultural producjc. 
The most important is the preparation of sugar 
from sugar-beet, especially between the Elbe and 
Wesor. Halle, Magdeburg, Brunswick, Hanover, 
and Hamburg are among the more important 
centres. Potato spirit is also made in these towns. 
Cement manufacturing is carried on round Hanover. 
Berlin has the furniture, clothing and other manu- 
factures of a great capital, and it possesses the great 
advantage of being reached both by water and by 
rail. Hamburg may be regarded as Ihe North Sea 
port of Berlin and Stettin its Baltic seaport. 

Weriphalia aad the Rhineland. 
The Westphalian and Rhineland industrial area 
is the most important of all. Rich in (^oal and iron, 
it has the great Krupp works at Essen, the hardware 
of Romscheid, and ironworks at all the chief centres, 
Aachen, Coin, Dilssoldorf, Dortmund. Woollens 
from local and imported wool are made at Aachen, 
Barmen- Elberfcld, and other centres. Barmen - 
Elberfeld and Crefold are famous for silks and 
cottons, the latter mode at many other centres in 
this busy area. 

The Rhino here is the natural highway. The 
IJorts, such as Ditsseldorf, Duisburg, and Oc‘»ln, rival 
in the amount of their tonnage that of gi'eat ocean 
ports. Yet the Rhino is under the great disnd van tns^ 
of reaching the sea beyond German territory, so the 
Germans are constructing great canals to join this 
industrial region to the North iSea at'Kmden and 
Bremen. The canal from Dortmund to the Ems is 
now complete, and is being extended to the Rhine. 
It was propos^ to construct a great canal from the 
Rhine to the Vistula, but the op])osition of the 
Prussian landlords, who realise that cheaper canal 
communication would facilitate the competition of 
foreign wheat in inland centres with home wheat, 
and also that of the merchants of Hamburg, who 
feared the gain would be that of Bremen, at the 
expense of Hamburg, led to an abandonment of 
the full scheme and the authorisation to construct 
the canal only as far east os Hanover. 

German Exports and Imports. The 
German Customs Union, or Zollvcrein, includes 
Luxemburg. In 1904 the special eit ports were 
valued at 6,316,000,000 marks (1 mark equals 1 
sliilling), and in 1906 at 5,693,000,000 marks. 
Textiles were by far the most important (in 1904, 
23 J per cent.)* metals and metal ware coming next 
(over 16 per cent.), articles of consumption and 
chemicals (each over 9 per cent.), machinery and 
leather goods (each over 7 per cent) coming next. 


Britain is Germany's best customer as it is of 
France, and takes 19 per cent, of the exports. 
Austria-Hungary takes 11 per cent.. North and 
Central America lOJ per cent., the Netherlands 
8 per cent., Russia and Swit 2 S 6 rland both over 6 per 
cent., France 6 per cent.. South America and West 
Indies also 6 per cent. 

The German imports were valued at 6,864,000,000 
marks in 1904, and 7,046,000,000 in 1906. Unlike 
France, Germany cannot feed its people on its own 
produce. Hence, nearly 25 per cent, of the imports 
consist of articles of consumption. The textiles 
and raw material for textiles imported ai-e not far 
short of this large percentage — viz., 22 per cent., 
and metals and metal ware nearly 14 per cent. 
The food sent from North America makes it the 
chief source of German imports, over 144 per cent., 
but Britain is only a fraction less important — viz., 
just under 144 cent. ; Russia comes third, over 
12 per cent., Austria-Hungary lOJ per cent., and 
Franco over 6 per cent. British trade with Germany, 
as with France, is first in importance. 

The Netherlands. Holland has little 
mineral wealth. It can import coal cheaply across 
the North Sea. It is essentially, however, an 
agricultural and commercial country, the industrial 
developments being mainly in the elaboration of 
produce from the rich Dutch colonies, especially 
those in the East Indies. Sugar and cacao arc 
among the most important, but some woollens and 
cottons are manufactured. [See also page 1836.] 

Dutch trade of home produce or for home use was 
valued in 1904 at 1,986,000,000 guilders exports, and 
2,420,000,000 guilders imports (12 guilders equal £1). 
The following table shows the relative proportions 
of different classes of commodities in 1903 and 1904 : 

liuportv. 1,000 tfl. ExpurtM, 1 ,000 gL 

1908 1904 1903 1004 

Ftxid products 625,608 607,287 608,102 644,562 

Baw materials 557,010 577,029 425,300 452,222 

Manufactured 

products 277,440 268,966 269,345 2C2,35S 

Miscellaneous 427,608 615,401 827,186 875,428 

Dutch exports consist of cereals and flour, 
copper, iron and steel, textiles, butter and mar- 
garine, cheese, vegetables, flax. Fifty-two jier 
cent, goes to Germany, 22 per cent, to Britain, 
11 per cent, to Belgium, 5 per cent, to the United 
States, and 3 A per cent, to Dutch colonies. 

Cereals and flour are the chief imports, followed 
by iron and steel, textiles, copper, coal, rice, wood, 
and coffee. Nearly 23 per cent, comes from 
Germany, 164 P®** cent, from the Dutch East 
Indies, nearly 14 per cent, from Russia, over 
10 per cent, from Belgium and from Britain, and 
just under 10 per cent, from the United States, 
while 3 per cent, oomee from British India. 

It is not possible to analyse our trade with 
Holland from our own trade returns, as much of 
it is trade with Germany passing across the Nether- 
lands, which has a very large transit trade by rail 
and by the Rhine. 


Continued 
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By Professor R. ELSEY SMITH 


PAPERHANGING 

'T’HE work of the pai)erhanger consists in prepar- 
^ ing the surfaces of walls nncl ceilings, trinimm.i 
and preparing paper of various kinds and other 
hangings with which in these days walls are frequently 
ornamented and in some cases protected. 

Paperhangera* Tools. The tools used by 
the paperhanger are not very numerous. One may 
include with them overalls, which arc generally 
made of “ duck ’’ or “ drilling/’ which are always 
worn by the pajasrhanger and which are formed 
with pockets for rule and shears and a wide 
po(‘ket across the front. Shears [18] are required 
for trimming papers before hanging : long ones are 
from 14 in. to 16 in. long, but shorter ones are 
also required. A trimming knife [19] is required 
of thproughly well tem^^red steel : this has a deep 
blade with a rotmded cutting edge, and is made 
in one or two different forms. It is used against n 
straightedge when trimming. A cutting wheel [20] 
is often used. This is really a circular knife with a 
thin, fine edge, which may readilv be kept in a sharp 
condition. A variation of this knife, Imown as the 
twentieth century cutter [21], is provided with a ratchet. 
When the wheel is drawn forward it becomes locked, 
and a definite portion of the circumference acts as 
the cutting edge ; by pressing the wheel backward it 
rotates slightly, another cog of the ratchet becomes 
locked and a fresh jjart of the circumference comes 
into play, so that a keen edge may be in use until 
the whole circumference has been brought into play, 
when it must be re-sharpened. Those cutters may 
be used for trimming paper eitlier dry or pasted. 

There are various machines for trimming pa|)er 
in long lengths before it is pasted, and these are 
made to trim one or both edges at once for any 
paix'r up to 22 in. wide. The Empire trimmer, 
made by Mr. J. Oates, of Huddersfield, has a rod in 
front or the machine on which the roll to be cut is 
pbmed, and a second roll at the back on which it is 
woimd after cutting. 1’he jwsition of the cutting 
wheels can be adjusted to the exact width required. 

Trimming Wallpapers. Groat car© is 
required in handling rolls of ;paper that have 
been trimmed mechanically; this is usually done 
at the shop, and if the rolls are afterwards taken 
to the job and made 1o stand on their ends, the 
carefully- trimmed edges will be damaged. Ordinarily, 
trimming is done on the job just before han^g, and 
all such damaged edges are removed by trimming ; 
this operation is carried out on a trimming table 
erected on a pair of light trestles. 

The amoothing brush [22] is a broad brush from 
10 in. to 14 in. wide with a wooden back grooved 
to allow of its being held readily ; these brushes are 
generally made of white Russian bristles. 

Seam roUera are used for smoothing joints and are 
made of rosewood or ivory or of rubber [24], or 
they may be finished witli a layer of felt, covered 
with muslin, which may be readily renewed when 
soiled. The width of the roller is from IJ in. to 2 in., 
and the surface is either cylindrical or barrel-shaped. 
In order to get close up to the work round the edges 


of architraves to doors and windows, and in siniihir 
jmsitions, a aide arm roller [26] is employed. 

Smoothing rollers [28] are usually about 8 in. wide 
and are used for running over the general siud^atJo 
of work. They arc sometimes made of polialicd 
hardwood mounted in nickel-plated frames ; but 
in many oases these are also finished with a layer 
of felt, which is covered with muslin held in i>osition 
by rings at each end. 

The brushes [26] used by the paperhanger are 
made of long grey bristles mounted in wood handles 
80 that they form a flat kind of brush from 6 in. 
to 8 in. wide. 

A size kettle [27 j is best provided with a water- 
jacket to prevent any possibility of the size being 
burnt when heated. 

The par»erhanger requires to us© a plummet, a chalk 
line, a 2-ii. rule, a pail for paste, sandpajHjr. a tai»e 
measure, and compasses, and, very usually, clotlis 
for smoothing down the paper in ]>laee of the smooth- 
ing brush already described. 

Wallpapers. Wallpapers or© made by various 
mrocesses and are sold by the piece. In the enst^ of 
English pajier the piece is 12 yd. long nominal, 
and the paper is about 22 in. wide as sold, and 21 
in. when trimmed for hanging, and has a superficial 
area of 68 sq. ft. French pa|«Mrs vary somewhat 
in length, but arc usually 9 yd. long and 18 in. 
wide, and contain 40 J sq. ft. American papers 
arc 8 yd. long and 18 in. wide, and contain 36 
sq. ft. Tlie pattern of a paper must therefore 
be made to i'ej)eat once or oftener exactly in the 
width of the roll. Bonlers and friezes are iisnally 
sold by the yard. 

Papers that are printed are either machine 
printed or hand printed. The best results an> ob- 
tained by hand printing, which is don© from wood 
blocks ; these papers may be known by the presence* 
of a white margin at each end of the roll, as well as 
at each edge ; this resvilts from printing each piece 
separately, whereas machine-printed papers art* 
printed in immensely long rolls and afterwards cut 
up into lengths, so that the pattern runs out to the 
very end. The colours in machine-printed pa]ierH 
are not always so well set as in the case of those 
printed by hand. 

Pulp papers arc the commonest class of paix'rs ; 
in these the paper itself may bo a tinted paper and 
the pattern printed in colour, or in l)etter pat>er8 
both the ground and the pattern are printed. 

Satin papers have a glazed or polished surface, 
giving an effort like satin ; tliis is produced by 
mixing Spanish white with the colour and then 
thoroughly burnisliing the surface. This class of 
paper is somewhat susceptible to damp, and it is 
often desirable to line the walls with lining paper 
before hanging it : but these papers usually kee]> a 
clean surface, as dirt does not readily adhere to 
tWm. 

Flock papers have the patterns printed on a ground 
with an adhesive substanoo, and ui>on this shearings 
of wool or silk, very finely divid^, are sprinkled, 
and these adhere, forming a raised pattern ; the 
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wool flock gives a somewhat clotli-Hke or velvety 
appearance ; the silk a somewhat glistening effect, 
and striped silk flocks are a good deal used. 

Sanitary papers are printed from copper rollers 
in oil colour mixed with a strong adhesive materia! ; 
such papers, when hung, may be washed, which is 
not possible with ordinary papers. 

Ingrain papers, which are not printed, but coloured 
in the manpfacturc, are prepared in various tints, 
with a slightly mottled surface, and are rather soft 
and porous ; pa[>er8 are also made to imitate tapestry 
and other textile fabrics. 

Special Wall Coverinse* There are 
many other forms of wall hanging now in use. 
which are of a more substantim and permanent 
character than the ordinary wallpaper. They 
are, as a rule, considerably more expensive in 
the first instance, and require special treatment 
in hanging. Some of them are supplied decorated 
ready for hanging, others can be obtained perfectly 
plain for decorative treatment after fixing. 

Japanese leather papers are thick in substance, 
usually slightly embossed, and decorated in colours 
with which a good deal of metal bronzing or gilding 
is included ; these pafjers are usually supplied in 
rolls 30 in. wide and 12 yd. long, and in the majority 
the design is rather large in character. 

LincrustaW alton is a material generally modelled 
solidly in relief, and is produced in a great variety 
of designs suitable for dados, wall surfaces, friezes 
and also for ceilings. It forms an excellent base for 
colour decoration, and some of the designs in high 
relief may be treated plainly in one colour, a good 
effect being obtained by the contrast of light and 
shade without any picking out. Cordelova and 
cameoid are other forms of material manufactured 
and supplied by the same firm, and are also made 
in both low and high relief ; in the latter form, when 
used for ceilings, they may be arranged to give the 
effect of plaster panelled ceilings. 

Lignomur is another material with the design 
formed in relief. It is manufactured of wood fibre, 
and is embossed in hollow relief : it may be applied 
to walls or ceilings, and afterwards decorated in a 
variety of ways, cither in oil colour or distemper, or 
it may be stained and varnished, as if it were a 
natural wood. 

Anaglypta is also moulded in relief, both high 
and low, and is made by pressing pulp or plastic 
paper into moulds. 

Tynecastie canvas is very extensively employed, 
and is also modelled in hollow relief, canvas 
being employed as the basis of this material ; very 
bold relief is possible, and the material lends itself 
to decoration in colour after hanging. 

Woven Wall Coverings. Woven and 
embroidered fabrics, used as hangings or mounted 
on frames, have long been used for covering 
walls, and come rather under the u])hol8tcrer s 
dejiartment than the paperhanger’s. The draw- 
back<» to such materials — their liability to become 
soiled, the difficulty in changing them, and the 
extent to which they may harbour dirt, and even 
vermin — have been serious drawbacks to their 
admirable qualities from tlie decorative and artistic 
points of view. In recent times, some of these 
materials, the texture of which is admirable, have 
been prepared so that they may bo applied to. the 
wall by the paperhan^r practically in the same 
way as a wallpaper. To render this possible, the 
space between the fibres must be filled, and especially 
the back, so that it may adhere solidly to the wa^ 
and not allow the paste to work through to tW 
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surface ; the material itself must be dyed and fixed 
so that it will not readily fade. 

Burlap, made from jute, is extensively used for 
this class of work ; the fibre is lustrous, and the 
material strong and not very ex^nsive, and admits 
of the surface ^ing treated in colours, which may be 
either printed or stencilled on it. The material can 
also be obtained in very wide widths, so that it is 
}) 08 sible in many cases to ^t a material theividth of 
which will equal the height of the wall space, and 
which may to run round the walls without many 
joints; where there are not many openings or 
recesses to be dealt with, they may be readily out 
out of the material. This material may be used in 
narrower widths as a dado or frieze in combination 
with papered walls, or as a filling to panels 

Prepared canvas may be appliSi in a similar way 
to walls and ceilings, and afterwards decorated in 
either oil or water colour, and either of these 
materials not only forms a suitable decorative 
surface, but prevents the appearance of surface 
cracks* such as frequently arise with ordinary 
plastered ceilings. 

Calculating Paper Required. The 

paporhanger is required to estimate the amount 
of papier required for any particular piece of 
work. The experienced man con tell pretty 
closely without measurement the numbe^ of 
pieces required for any particular room, but it 
is easy to ascertain the superficial area of the 
walls of any room, and, bearing in mind the amount 
of paper in a roll, already given, to see exactly how 
many pieces will cover it. But allowance must also 
be made for waste ; this occurs not only in fitting 
paper round door and window* openings, fireplaces, 
and recesses, which often accounts for a good deal, 
but there is also often considerable waste in cutting 
up pa}>er so as to ensure that the pattern shall 
match exactly when two pieces are hung side by 
side. If the pattern is small, so that in height it 
exactly repeats every few inches, this loss will not 
be great, but if the pattern is large, and only 
repeats once or twice in the height of the wall, it 
may easily happen that a considerable amount mav 
have to be wasted for every length cut from the roll. 
It is usual to allow one extra roll for each five to 
eight rolls required exactly to cover the wall, 
the specific allowance depending on the probable 
waste. 

Trimming Paper. WallpaTOrs are delivered 
in rolls with a margin on each sine, which must be 
trimmed off before the paper is hung. The machines 
used for trimming have been described, but the old- 
fashioned method of trimming, by means of a large 
pair of scissors or shears, still prevails. The roll 
of paper is laid on the trimming- board and unrolled, 
trimmed with the shears on one edge, and re-rolled 
during the operation, which is repeated for the 
other edge. 

Preparing the Walla. In tlie case of new 
walls, the surface should be sized with glue size [see 
Painting, page 5502 J. It is well to point out that in 
the case of most plastered surfaces the lime in the 
plaster is very liable to act on the colours used for 
printing designs on wallpajiers, and also on ingrains, 
and destroys them. This action is worse if there 
is any damp, but may occur even with dry plaster, 
and may continue for several months at least after 
the Wall is plastered. It is particularly likely to 
affect green and some other delicate tints, and it is 
desirable, as a rule, not to hang an expensive wall- 
paper on new walls within twelve memths of the 
plastering, -but to cover them temporarily with a 
tinted lining paper, or to distemper them. 
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In the case of old walls, it is im- 
portant that the old paper should be 
stripped ; if this is not done, the 
dirt, and possibly disease germs, in 
the old paper will only be covered 
over. Paper may be removed by 
washing it over with hot water, and 
then scraping it off, taking care not 
to damage the plaster. Paper that 
has been varnished after hanging is 
often very difficult to remove. A 
coat of hot paste applied to the 
surface will, as a rule, soften it, but 
a special varnish remover may be 
required, and in some cases where the 
paper was porous the varnish t>ene- 
trates to the plaster, and it is almost 
impossible to remove it without 

destroying the plaster surface. 

A varnished surface does not hold 
either dirt or germs to the extent 
that an unvarnished paper will, and 
the surface, if it is left, may be 
cleaned, and the joints nibbed smooth 
with pumice; the surface may be 

prepared by giving it a coat of brown 
sugar mixed with water in the propor- 
tion of 2 lb. of sugar to 1 pail of 
water. 

Repairing WaUa. In the case 

of old walls, all nails must be ex- 
tracted and any defects in the 

plaster made good. This is properly 
the work of the plasterer, but the 
paperhanger may often have to 

execute small repairs. Such repairs 
are usually executed in plaster of 
Paris, or in plaster mixed with fine 
lime putty [see Plastering], and care 
must be taken to see that the surface 
of the repair is tnily in the same 
plane as the general wall surface. 

When plaster has been damaged by 
blows, which is liable to occur — as, 
for example, by the handle of a door 
opened back against it — ordinary 
repairing in plaster is useless. In 
such a case the plaster may be 
neatly cut out in the form of a 
square, and a piece of wood let in, screwed if 
possible to wood plugs let into a brick wall, or to 
the ciuarters of a partition, but in some oases 
merely to the laths. In this case, also, care must 
be taken to see that the surface is uniform with the 
wall, and if sunk a little below it, the extra thick- 
ness may be made up by pasting one or more 
neatly cut sheets of paper over it. 



PAINTKBS’ AND PAPERHANGERS TOOLS 


2. Muller 3. Palnt-gjt 4. Stopig^iDg^kuife 6. Palette 


i. Griiuling stone . . - ^ .. . 

knife 6. Strainer 7, Felt rubber 8. Painters’ torch 9. Ousting brushes 
10. Ground brushes 11. Sash tool 12. Varnish l)mahe8 13. Jhsteniper 
brushes 14. Stencil brush 16. Badger softener 10. Gralnor’s comb 
17. Graiuiug roller 18. Shears 19. Trimming knife 20. Cutting wheel 
21. “Tiventieth Century” cutter 22. Smw>thlng brush 23. Smoothing 
roller 24. Seam rollers 25. Side ann roller 26. Paste brushes 27. Size kettle 

pai)ei*8, but alum must not be used with gilt 

n jers, as it turns the metal dark. 

to. 3. Make a batter as in No. 1, but of less con- 
sistency, and to 2 qts. of batter add j oz. of powdered 
resin. Set the mixture over a moderate fire, stirring 
it till it boils and thickens ; allow it to cool, and thin 
it with thin gum arabio water. This is used when 
strong adhesion is required, and is useful in iiaptu - 


the class of material to be used. The following 
recipes are given in Rivington’s work, and the best 
white wheat flour should be used as the basis of 
them all. 

No. 1. Beat up 4 lb. of flour in cold water to a 
stiff batter, getting rid of all lumps ; add enough 
water to bring it to the consistency of pudding 
batter. Pour boiling water over it, stirring rapidly ; 
when the mixture swells and loses the white colour 
of flour it is ready for use. 

No. 2 is made like No. 1, but, just before the 
boiling water is added, 2 oz. of alum are mixed with 
the batter ; this hardens it and is a good preserva- 
tive. This form of paste may he used for flock 
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papers. 

Some special pa.stea for hanging heavy goods will 
be described later. 

HancifilS Wallpaper*. Quite apart from 
the mere moohnnieal part of hanging there is nml 
for a good deal of judgment in the setting out of 
the pa|)er so that it will look well on the wall; 
it often happens that by shifting the paper up or 
down a few inches the effect may bo considerably 
improved, or the reverse. It is important also 
that any well-marked pattern should be properly 
centred in the most prominent feature in any room ; 
this is very usually the chimney front. This careful 
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centring is, if possible, of even more importance 
‘in -papering ceilings, for the whole expanse is seen 
at once, and if the pattern is not set out centrally 
in the room a very bad effect is produced. 

Special care must be taken to see that the first 
strip hung on a wall has the edges truly vertical, 
and a line and plummet may be used to set out 
a vertical line, which may be marked on the wall 
surface with chalk. 

Pasting the Paper. A length is cut off 

from the roll a little longer than the height between 
skirting and comice, laid face downwards on the 
table, and the back pasted over uniformly and not 
too thickly, working from the centre outwards. 
After pasting, the ends are folded back towards 
the centre, the edges being kept even ; if the 
strip is too long for the table, one end is first pasted 
and then folded over, then the paper is drawn along 
and the other end pasted and folded. The actual 
hanging requires skill and experience. The upper 
edge is usually cut exactly, and is fitted against the 
comice mould or picture rail, and the upper half 
of the paper tmfolded, placed in contact with 
the wall, and brushed down with a cloth, brush, 
or roller; care must bo taken not to work the 
paste towards the outer edge or it may be forced 
out in lumps. When one piece is hung it serves 
as a guide to the others, which are added right and 
left. In hanging the last piece there may be some 
difficulty in matching exactly the patterns at the 
joint, especially if me design is large, and any 
such irregular join should he contrived where it 
will be as little obtrusive as possible. Where an 
angle occurs it is often found not to be quite straight, 
and it is best to cut the paper so that a join will 
come close to the angle and not to use a whole 
width. When each strip is hung the bottom edge 
usually overhangs the sKirting mightly, and when 
it has been rolled or brushed down close to the 
bottom the lower end is lifted slightly, the point of 
the shears drawn along to mark the exact length, 
and it is then trimmed and afterwards pressed down. 
The narrow rollers are used for the joints. The joints 
are usually formed by butting one piece of paper 
close to the next piece, and where this is done both 
etlges must be trimmed ; in common work one 
selvedge is left on and the edge of the next piece 
pasted over it, but this causes a ridge at the joint. 
In arranging ceiling the paper should be set so 
that the joints run in the direction of the window, 
or if there are windows on adjoining walls then 
towards the strongest light. Where a good class 
of paper is hung on new walls they are often first 
hung with lining papier and then with the wall- 
paper itself. 

Hanging Special Wall Coveringa. 

Where heavy, embossod papers are employed it is 
usual to prepare the wall by hanging s^ong brown 
paper as a lining. In the case of most kinds of 
K|)ocial hangings full instructions are issued by the 
makers and these should always be observed. 

Lincrusta Walton, if the weather is cold, should 
be placed in a warm room before it is unrolled. 
The edges must be trimmed very carefully, using 
a inetaT-ed^d straightedge and a sharp leather- 
cutter’s knife, which is sti&r than a paperhanger’s. 
The paste is used hot and the lengths, alter pasting, 
are applied to the wall, and well rubbed with a 
stiff, short hairbrush, or a soft, spherical rubber 
roller. If blisters ap})ear they must be pricked and 
then rubbed down. The paste may be ordinary 
paste mixed with half the amount oi glue, but the 
following composition is recommended by thfM 
makers : French plaster of Paris, 4 lb. ; raw linsee^ir 
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oil, 1 pint; these are rubbed together throut^ a 
sieve ; 1 lb. of white glue is well boiled in gallons 
of water and poured in hot,^ and the whole left to 
got cool, being stirred to thoroughly mix it. 

Anaglypta is trimmed with a metal straightedge 
and pasted with ordinary paste ; after about 
fifieen minutes it is again pasted with stiff paste 
containing from ^ to } glue, hung at once, and 
pushed home with a cloth. 

In hanging Lignomur no glue must be used, but 
the paste s&)uld be as stiff as it can be made. 
Tynecastle canvas is treated in the same way as 
Lignomur, but it is not necessary to mix glue with 
the second coat of paste. 

Japanese leather papers are hung with ordinary 
paste, applied to the paper as a first coat, and after 
two or threo minutes a second coat is applied 
mixed with a proportion of glue. 

PAINTERS’ WORK 

The work of the painter consists in covering 
perishable or common materials with a thin 
material that will protect them from decay, enable 
them better to resist ordinary wear and tear, or 
give to them an improved appearance. 

Painters’ Tools. The painter’s tools are 
comparatively few in number. A grinding stone [1] 
is required for grinding colours ; this is usually a 
slab of marble about 2 ft. square ; the myUer [2] 
is about 7 in. long and 4 in. in diameter, and is 
of granite or other very hard material. Where 
paint is required in large quantities it is, however, 
ground in a mill. There are also j^ts of earthenware 
or tin for holding colours of various sizes, a pallet 
to hold small quantities of colour for use in letter 
writing and small decorative work, snd a mahlstick, 
used as a rest for the hand in letter writing and 
small decorative work. 

The stopping knife [ 4 ] is one with a stiff blade set 
in a wooden handle. From the handle the blade 
broadens outwards, the back is straight till the 
broadest point is reached, and the end is rather 
sharply pointed ; the lower edge is without a sharp 
angle, but is slightly rounded so as to form the point. 
This tool is used for stopping surfaces that are to 
be painted — th»t is, filling in any small holes with 
putty or other special stopping. 

The palette knife [5] is one with a long, broad, 
flexible blade, parallel sided, and with a rounded 
end fixed in a wood handle. It is made in several 
sizes and is used for mixing paints. 

The painter* 8 can [8] is a circular metal case with 
a fiat bottom and a movable handle of iron, by 
which it is carried ; it is used for mixing paints and 
for containing them during use. 

A strainer is used for straining paint after it 
has been mixed, and, before use, to rid it of all 
irregularities and lumps. Strainers are of various 
forms : the simplest resembles an ordinary colander 
but with a flat bottom, which is perforated with 
very fine holes, through which the paint is passed, 
a stick or brush being employed to work it about 
and assist it through. Another form [61 has a hinged 
bottom perforated with large holes, and over these 
a piece of muslin or cheesecloth is strained, and 
this material, if it becomes clogged with particles 
of paint, can be renewed at any time. 

The felt rubber [7] is aflat tool formed at the back 
into a ^ndle and oovered with felt, and is specially 
used for rubbing down varnished work. 

The painier*8 torch [8] is a small lamp, producing 
a strong flame with a forced draught, which is used 
for burning off paint, and can be held in the hand 
and moved over the surface of the paint to be 



•UILDIMCI 


removed; where gafi ig available a burner on the 
principle of a Bunsen burner, producing a flat 
flame, may be used for the purpose. 

Brushes arc the most important tools the painter 
uses, and with these the material is actually applied 
to the surface to be covered ; they are m^c in 
various sizes and forms, depending on the nature 
of the material to be employed and the method of 
using it. Good brushes, if projierly cared for, 
will last a long while, and it is desirable they should 
be of good quality and inadf by n firm of standing. 

Trusting brushes [9], both round and flat, are 
required to prepare work for painting ; like other 
brushes these are provided with wooden handles, 
are of different sizes, and are kept dry for dusting 
only. 

Brushes for applying paint differ much in size 
and form, each class of brush being made in a series 
of sizes, which are regularly numbered. 

Grauiid Jjrushes flO] are fairly large brushes em- 
ployed for large, plain surfaces and are made round 
or oval in form ; they are formed of hogs’ bristles and 
are well bound round at the base with twine to keep 
the bristles compact, or have patent metal ferrules. 

The acish tool [11] is a smaller class of brush, used 
for painting mouldings, sash bars, and similar work. 
These are also made in different forms, but an oval- 
8haf>ed brush is very generally used. 

Varnish brushes [12] are cither round brushes 
brought to a broad thin edge or are broad brushes 
mounted in a metal frame. 

Distemper brushes [18] are large brushes used for 
whitewashing and distempering ; they arc termed 
one-knot or two^knot, according to the manner in 
which they are made up: and fiat brassbound 
brushes arc also employed for this work. 

BtencU brushes [14] are used for stencilling designs 
in distemper, and are short metal-bound brushes. 

A badger softener [15] is a brush used in graining 
work to give a woody appearance to the work. 

Care of Brushes. It is important that 
brushes, if they are to be kept in good working order, 
should not become caked with paint. It is not 
necessary to clean bruslies after a day’s use if they 
are to be used again within a day or two, but they 
should be suspended in raw linseed oil or in water 
to keep them moist, and so that the points do not 
touch the bottom of the vessel ; for if the bristles 
rest on the bottom they are apt to be l>ent. 

The oil or water can readily be squeezed out of 
the brush by drawing it firmly across the edge of a 

E iece of board when the brush is required for use. 

I brushes are to be out of use for some time, they 
must be thoroughly cleaned in turpentine or with 
soap and hot water, dried, and afterwards wrapped 
in clean paper and put away in a dry, cool cupboard. 

Grain ers' combs [16 1 are required for work to be 
grained, and these are made in various degrees of 
fineness. 

Graining rollers [171 employed for some kinds 
of graining. The colour is supplied by a brush to n 
series of discs on the roller, which are notched at 
intervals, and produce dark broken lines in the 
work, or the roller may have the pattern of the 
grain incised on its surface. 

Pumice-stone is used for rubbing down work before 
applying fresh coats of paint, and fine glasspaper is 
us^ in a similar manner. 

Paint-spraying machines consist of a pumping 
apparatus attached to a hose fitted with a |)cr- 
foratod nozzle ; they arc chiefly used for distemper, 
lime white, etc., and the material is sprayed on to the 
surface -very rapidly and evenly, and reaches ail 
crevices or irregularities. 


Painters* Materials. The materials used by 
the painter are either opaque, so that they entirely 
cover and conceal the real surface of the material, 
or they are transparent or semi-transparent, allow- 
ing the natural surface to be visible. 

Of opaque materials, those in most general use 
are termed paints, and when mixwl ready for use are 
usually made up of vehicles (which are liquid sub- 
stances holding other matters in suspension, and 
permitting of their even distribution over the sur- 
face), driers^ which are oxidising substances 
enabling the vehicles to dry rapidly, and pigments, 
or colouring materials. Pigments are finely 
powdered, and lield in sus^nsion by the vehicles. 

Vehicles are of different kinds. For water-paints, 
ordiivary water is tised, and this class of vehicle is 
employed not only for water-colour drawings, but 
for whitewash and distemiwr. For most painted 
work, however, the vehicle is cither a fatty or fixed 
oil — that is, one that cannot be distilled, or a volatile 
oil that may be distilled; and not uncommonly both 
these classes of oil are employed in mixing" paint 
for use. 

Oils. Linseed oil is the most usual of the fixed 
oils, and is obtained by crushing the seeds of the flax 

S lant. In common with other fixed oils, it docs not 
ry by evaporation but by the absorption of oxygen, 
and during the process attains great touglmess and 
flexibility. When applied to wc^ surfaces, it sinks 
into the pores of the wood, and hardens, forming 
a protection from the weather. 

Raw linseed oil is the oil in its natural state. In 
this condition it is of a bright amber colour, and 
dries somewhat slowly. If spread in a film on a non- 
absorbent material it takes from two to three days 
to dry ; the bright colour makes it luisuitable for 
mixing with delicate shades, and if it is to be used 
for such work it may be clarified with oil of vitriol, 
which must, however, be afterwards washed out. 
The material improves in quality and colour by 
keepiitf for some years, and should not be used until 
it has been kept for six months at least ; it is gener- 
ally employed for most internal w’ork in which 
linseed oil is the vehi(*lc and for grinding \ip 
colours. 

Boiled linseed oil absorbs oxygen more rapidly 
than the raw oil. The process of boiling consists itt 
heating the oil (which docs not actually boil) to 
about 200'’ F., and then adding to each gallon of 
oil about 1 lb. of red load and 1 lb. of litharge, and 
raising it to a temperature of 400'^ F., which is main- 
tained for two or three hours. If a dark-coloured 
oil is required, umber may be added also during the 
boiling process. The oil, after boiling, is drawn off 
and allowed to settle, and is then bright and clear, 
but darker than the raw oil. 

If the oil is to bo mixed with zinc-white as a 
pigment and not white lead, the oxides of lea^l 
should not be used in the boiling process, but about. 
5 |>er cent, by weight of powdered peroxide of 
manganese is substituted, and the oil is afterwards 
filtered. The drying and the colour of raw oil may be 
improved “ by adding about 1 lb. of white lead to 
every gallon of oil, and allowing it to settle for at 
least a week” (“Builders’ Work” — Seddon). 

The boiled oil dries more quickly than the raw 
oil: if spread on a non-absorbent material it 
should be quite dry in from twelve to twenty-four 
hours. It is particularly well suited to external work, 
when rapid drying is of great importance, and in 
which tints of a delicate nature are rarely called for. 

Poppy oil is extracted from the seeds of the com- 
mon poppy ; it is inferior to linseed oil in both 
tenacity and in its drying qualities, but is very 
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nearly colourless, and is therefore goinetimes em- 
ploye for mixing with delicate tints in internal 
work. 

Nut oils are usually extracted from walnuts, 
and are cheap, but not durable, and arc suited 
only for internal work of a temporary eharacUT. 

Xurpentine* OU of turpentine^ also known 
as spirits of turpentine, abbreviated commonly 
into turps, is a volatile oil obtained by distilling 
turpentine — a resinous exudation from certain 
trees which contain resin and oil of turpen- 
tine. This oil has a strong odour, and when 
exposed to the air absorbs oxygen, and is con- 
verted into a substance resembling resin. It is 
used as a solvent for gum resins, and also for mixing 
paints in combination with linseed oil, or by itself 
when a flatting coat is required — that is, one without 
a glossy surface. When spread on a non -porous 
surface it should dry in twenty-four hours, leaving 
a hard varnish on the surface. 

Strasbourg turpentine is produced from the silver 
lir, Venice turpentine from the larch, and common 
turpentine from the Carolina pine. 

Driers. Driers are mixed with paints to assist 
the drying of the vehicles when this is necessary. The 
drying of linseed oil is produced by the absorption of 
oxygen as already mentioned, and<^ie driers which 
are usually employed are materials rich in oxygen, 
and readily yielding up the oxygen to the oil, 
thus hastening the process. The action of some of 
the pigments to be hereafter described is to retard 
the drying process, and driers are specially valuable 
when such pigments must be used in mixing paints, 
otherwise tne paint would continue for a long time 
in a semi-dry condition, known as tacky. During this 
time it is slightly sticky, or adhesive, if touched. 

The most usual driers for use with light tints 
are acetate or sugar of lead and mdpfuUe of zinc ; 
litharge, or oxide of lead, which is ijroduced during 
the extraction of lead from its ores, is very commonly 
used for all darker tints. For use with lakes; japan- 
ners^ gold size is used, which consists of oil boiled in 
litharge. For use with zinc-white, sulpltate of fnan- 
gancse is an efficient drier, a very sinall quantity 
sufficing; but care must be taken in mixing it or the 
paint may be spotted. Another drier used with zinc- 
white is that made by adding about 10 |)er e'en!, by 
weight of a mixture formed of boHed linseed oil 
(20 parts) and peroxide of manganese (1 part). It 
is important to select a drier suited to the pigment 
to bo used, and to observe the following points, 
which arc taken from SeddoiTs *’ Builders’ Work.” 

1. Do not use thoni with pigments that dry well 
ill oil colour. 

2. Do not employ them to excess, which would 
retard the drying. 

3. Do not add them to the colour till just before 
it is used. 

4. Do not use more than one drier with the same 
colour. 

5. Avoid the use of patent driers. 

The result of using driers in excess may bo the 
drying of the surface with abnormal rapidity, so 
that a thin skin is formed which, at a later 
time, may become softened by the action of 
the undri^ paint behind it, and remain tacky for 
a long time. Patent driers are in the form of 
paste, and are slightly more economical than the 
ordinary liquid driers, but vary much in quality 
*nd in their effect on the paint. 

Pl|{menta. Pigments are the solid matters 
introduced into paints to give Dody— that is, 
solidity — substance, and opacity to the paint, an J 
also to give to it any desired tint or colour. They 
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are , in most cases earthy or metallic carbonates 
and oxides, and are very finely ground ; they are 
sold in a dry form as powder, and also ground 
up in oil. They may be divided into two main 
ciaasfcST-namely, bases, wliich are used to produce 
body and opacity, and colouring pigments, which 
are used to produce various tints and colours, 
especially in the finishing coats. 

Bases. White lead is prepared by various pro- 
cesses. The Dutch process produces the best, and 
consists in placing gratings of pure lead in tan. The 
fumes of acetic acid are allowed to act on these, 
which become corroded and covered with a crust 
of carbemate of lead, which is commonly known as 
white lead ; this is removed and ground and 
forms a heavy powder, which becomes grey if 
exposed to the air. The substance may also be 
prepared by passing carbonic acid through solutions 
of various salts of lead, but the material thus pre- 
cipitated has no density, and absorbs more oil than 
that produced by the other process. 

White lead is the most usual base for oil paint 
and has a very high covering capacity. It is, 
however, injurious to those who use it, and is very 
liable to be discoloured by many chemical gases, 
such as sulphuretted hydro^n. It should be old 
and not freshly made, or tne paint soon loses its 
whiteness, but it must be prot^ted from the air 
till use. It is extremely liable to adulteration, and 
can be relied on as pure only if obtained from the 
manufacturer as genuine dry white lead, either in 
lump or in powder. The materials used for adul- 
teration arc sulphate of baryta (which is similar in 
appearance but heavier than white lead) and 
whiting, which is lighter. White lead, if pure, should 
weigh about 400 lb. per cubic foot^ and if either 
adulterant is used singly adulteration is detected 
by the variation in weight, but if the two are 
combined the weight may be accurately adjusted, 
and only a chemical test will reveal the adultera- 
tion. 

White lead is often sold mixed with sulphate of 
baxvta, which docs not cover so well when mixed 
with oil. and when the two arc mixed in equal 
proportions the material is termed Venice white, while 
Hamburg white has 1 part of lead to 2 of baryta, and 
Dutch white has 1 part of lead to 3 of baryt»j. 

Red had is produced by raising or oxide 

of lead, to a high temperature, during which process 
it absorbs oxygen and becomes converted into red 
lead, also known as minium. This material is 
durable if used puie and alone and not exposed to 
the action of acids or impure air. It is obtainable 
in the form of a powder and is sometimes adul- 
terated with brickdust. Bed lead is sometimes 
used as a drier, and it is used mixed with white 
lead and oil for the first coat of paint, termed 
priming, in joinery, and for the first two coats 
on ironwork. . 

Antimony vermilion, a sulphide of antimony, is 
sometimes used in place of red lead ; it is obtained 
in a fine powder and is of a brilliant colour when 
ground in oil, and is not affected like red load by 
impure air or acids. 

mne oxide is frequently used as a base for paints ; 
it is not j)oisonous like white lead, and is not liable 
to be discoloured by chemical fumes. When 
ground in oil it requires much more oil than white 
lead, and will require leas to thin it. If it is used 
to give a white finish it should be mixed with refined 
lin^^ oil to seem^ a perfectly white surface, but 
this is not necessary with darker tints. 
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listft of the moot uHual pigments may be consulted 
in Seddon’s *• Builders' Work/* imder Painter, or in 
Rivington*s Notes,” VoL III. — Materials. These 
lists supply information not only as to the 
colour of the various pigments, but as to their 
nature and properties, and form a good guide as 
to those which may safely be used under varying 
conditions, and as to others which cannot be relied 
upon as permanent, e8x>ecially if subjected to certain 
influences. 

Miicing Paints. The proj^rtions of the differ* 
ent ingredients required in mixing up paints for 
use necessarily vary under changing cirouinsUnces, 
and in particular with the nature of the material 
to which they are to be applied. Iron, wood, and 
plaster, for example, will require the paint that is 
to be applied to them, and in particular the first 
two coats, to be differently prepared, the more 
absorbent material requiring the use of a higher 
proiHjrtion of oil. The colour effect required to 
be produced necessarily affects the selection and 
the amount of colouring pigment to be added ; 
where very delicate light tints are to be used this 
may affect the selection of the class of oil to be 
employed. The question of whether the })aint is 
to be used for internal or external work lias an 
important bearing on the question ; in the latter 
case boiled oil is ^nerally selected, on account of 
its superior weathering qualities. Turps is in- 
cluded in most paints as a thinner, its object being 
to reduce the consistency of the paint at the time 
it is applied, but it eventually evaporates and does 
not form a permanent ingredient. 

Variation in Succeaaive Coata. In 
painting any piece of work the ingredients will vary 
in successive coats. On any porous substance the 
first coat in particular must have a liberal supply 
of oil, which tends to sink into the pores of the 
material and dry there. Subsequent coats will 
require a certain amount of turps to make them 
work freely, and in painting on old work the first 
new coat is always mixed with a liberal amount of 
turps, which makes it adhere to the older work. 
The colouring pigments are usually mixed in with 
the two final coats, the last one of all being relied 
upon to produce the exact tint required, though 
the one immediately before has an important in- 
fluence often on the final appearance. 

Apart from any other consideration, the know- 
ledge and skill of th'3 individual painter always is an 
element in the mixing of paints ; these luive to be 
acquired by experiment and practice, which, when 
attained, arc better than any hard and fast rules as 
to the proportions of ingredients. 

Method of Mixing Lead Paints* If 
the pigment is in the form of powder it is ground up 
with raw linseed oil with the muller on the grind- 
stone, and is reduced to the consistency of a thick 
paste, but in many cases it is purchased in this 
condition ; if only a small quantity is required, as 
in the case of a colouring pigment, the paste is 
worked up by means of a palette knife on a slab, 
with the addition of a little oil and turps ; but when 
a considerable amount is to be mixed, a j)ainter*s 
pot is used. The pot is first rinsed round with a 
little oil to prevent the white lead adhering, and then 
the latter is placed in it, and oil and turps added 
by degrees, and the lead well worked round with a 
stick, which may be shaped something like an oar, 
till the lumps are all reduced and the consistency of 
the whole is smooth and imiform, the palette knife 
being used in this operation. 

If the paint is to be coloured, the colouring pig- 
ment, also ground in oil, may be added to the white 


lead and worked up with it if the exact proportion 
required is known ; but it is usually better to thin 
it, and work it up separately, and add it to the 
white paint in the pot a little at a time till the exact 
tint or tone required is arrived at. 

Adding Driers and Straining. The 
driens are added to the paint at this stage, and here 
again exact proportions cannot be given, as these 
vary with the nature of the drier and other circum- 
stances ; but the proportion is always small, and if 
a good drier is used, about 2 per cent, by weight 
should suffice. The rules as to the use of driers 
already given must be borne in mind*, and in the 
case of a priming coat to which red lead is added, 
any other drier may often be omitted. 

Straining the Paint. The last process 
in the way of preparation consists in carefully 
straining the paint. If this is not done, small 
spooks and impurities are likely to be left in it, 
and good work will be impossible. In some cases 
it is useful to strain the paint two or throe times. 
The strainer already described is made use of, the 
paint is poured into it, and allowed to drain out 
into a clean paint-pot, and it may be stirred with 
a stick or brush or palette knife to help its passage 
through the sieve, which must be carefully cleaned 
after the operation so as to be ready for future 
use. 

Seddon's “Builders’ Work” gives the following 
table of the approximate quantities of materials 
required for painting four-coat work to finish white 
and the superficial area co veiled by each. 

Priming Coat. 10 lb. genuine white lead, 

1 oz. red lead, 2 oz. litharge : or l^ oz. litharge, 
J oz. burnt white vitriol, and 4 pints raw linseed 
oil. Will cover about 03 yd., varying with the 
absorbent properties of the surface. 

Sbconi) Coat. 10 lb. genuine white lead, 

2 oz. litharge, 2i pints raw linseed oil, and 
li pints turps. Will cover 100 super, yards. 

Third and Fourth Coats. 10 lb. genuine 
white lead, 2 oz. litharge; or oz. litharge, | oz. 
burnt white vitriol, 2 pints raw linseed oil, and 
2 pints turjw. Will cover 113 suiter, yards. 

Flatting Coat. 10 lb. genuine white lead and 
4 pints turps. Will cover 150 superficial yards. To 
give a very pure white, J oz. ultramarine may be 
mixed with the last coat, and for coloured paint 
1 to 2 oz. of colouring pigment with each or the 
last two coats. 

Special Forms of Paint. A large number 
of sjiecially-prepared paints are now manufactured 
by different firms, and supplied ready for use, or 
requiring merely the addition of some thinning 
material in accordance with instructions issued by 
the manufacturers. It is impossible to describe 
or even give a full list of such paints, but many of 
them are designed for work in syiecial situations, 
and they include various forms of enamel paints. 
In all cases it is necessary carefully to follow the 
instructions issued by the makers, and in most cases 
several colours con be obtained in most of the 
different brands. 

Applying Paint. The paint is transferred 
from the pot and applied to the surface by means 
of paint-brushes. For plain surfaces a ground 
hru^h of suitable size is dipped into the paint, 
taking up a moderate amount, and any superfluous 
paint is wiped off against the sides of the pot. 
The brush is held at right angles to the face of the 
work, so that the ends of the hairs force the paint 
well into the pores, and the brush must be applied 
vigorously. Work is usually begun at the top, 
and brought down, and in painting panelled 
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work, f»uch as doors, the frames are usually first 
dealt with, then the panels. When paint is applied 
to the edges of any object, such as a door, in order 
to avoid an excess of paint at such points the brush* 
is drawn a little away from the edges in working. 
Mouldings are particularly liable to collect excess 
of paint, and mr such work it is used somewhat 
sparingly. When two or more colours have to 
be UB^ it is necessary to take care that the edges 
of the colour last applied are very carefully cut in 
a true straight line to avoid irregularities ; so also 
where pain^ work has to be finished against some 
other substance, as, for example, when sash-bars 
in a window are painted it is a sign of poor workman- 
ship if the glass itself is smeared with paint where 
it adjoins the bars. 

Preparing Surfaces. Before applying 
paint to any surface it is necessary to sec that it 
is j)erfectly "clean and-iree from grease, otherwise 
the paint will not adhere. It is desirable in the 
case of woodwork that the wood should be dry, for 
any moisture will be imprisoned by the coat of paint, 
and will not bo able to dry out later. In the case 
of resinous woods any knots showing on a surface 
to bo painted must be dealt with, or they will bo 
liable to exude turpentine, and damage the work, 
and this process is descried as knotting. Knots 
may be killed by painting with hot lime, and, when 
this is dry, ironing them with a hot iron and finally 
rubbing them smooth with pumicc-sione ; or the 
lime may be scraped off after twenty-four hours, and 
the knots painted with a mixture of red and white 
lead and linseed oil : and when this is dry the 
pumice-stone must be applied. It is a quicker 
and more usual process to cover the knots witli a 
material termed knotting. This is tisually patent 
knotting, a mixture of shellac and naphtha, which 
dries in a few minutes, leaving a protecting skin. 
Red lead knotting is also used, and is made by grind- 
ing red lead in water and mixing it with strong glue. 
This is applied hot, and dries in a few minutes. 
If, in spite of such treatment, knots still show 
through after the third coat is applied, they may 
be covered with gold or silver leaf, fixed on with size. 

Priming. Priming is the first coat of paint 
applied. For woodwork it is usually formed of white 
and red lead mixed with raw linseed oil. A little 
litharge ground in turps may be added as a drier. 
This coat is intended to sink well into the pores 
of the wood and to fill them up, while at the same 
time the red lead hardens and forms a surface for 
the succeeding coat. 

('fearcolle is sometimes used, but does not enter 
the i)ores, and may ]^oel off; it should only bo 
used for iutemal work, and then only if the surface 
has become greasy or dirty, and will not take the 
ordinary priming. 

Stopping. Stopping is done with putty, which 
should be made from dry whiting kneaded up with 
raw linseed oil, and with the addition of a little 
white lead. It is applied with the stopping-knife 
to fill any holes in the wood. The stopping hardens 
in the holes, and forms an even surface for painting. 
In the case of coloured woods to be varnished or 
])olislied the stopping may be tinted to match 
the wood. Stop]nng should be done after priming, 
or the oil in the stopping will be sucked out of it 
by the wood. 

Subsequent Coate. If the work is to L>c 
finished white or a light tint, all subsequent coats 
must bo kept light, or they will not Iw fully 
covered by the final coat: but if the finish is to 
be dark the earlier coats may also be dark, and are 
usually of a different tint lo the final costs. The 
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reason for this is that if all the coats were of tlio 
same colour parts of the work might be easily 
overlooked in applying one of the coats. 

The priming coat is well rubl^od down vith sand- 
paper, glasspaper, or piimioe-stono before the next 
coat is applied, and each subsequent coat, when it 
is dry, is examined, and any irregularities rubbed 
down. 

Flatting. When it is desired enthely to 
avoid a glossy 8iirfa(!e in the finishing coat — and 
this is often a desideratum — the previous coat ifi 
mixed with a larger proportion of oil than it would 
ordinarily have, and the final coat is mixed with 
turps only. It should be applied before the previous 
coat is quite hard, and dries without any gloss. 
Such a coat will not stand washing like a coat mixed 
with oil, and to overcome this a little size or raw 
oil that has been bleached is added, and this is 
termed bastard fatting. 

Graining and Varnishing. This method 
of finishing paint is much leas used than formerly. 
It is more expensive to execute, but, if well done, 
it will wear for many years if carefully trenUtl 
and given a coat of varnish from time to time. 
The reason for its disuse is mainly an Bpsthetio one — 
namely, that it is confessedly a sham, and that it is 
more artistic to treat work that is covered with 
paint frankly as a painted surface, and not to 
attempt to make it resemble a costly wood. This 
method, however, for office work and for the offices 
of good houses, is so durable and useful that it is 
never likely to be abandoned entirely. For work 
that is to bo grained the priming and two or three 
colouring coats are laid on as usual, and the ground 
is then prepared of the general colour of the wood 
to be Imitated, and this is allowed to dry. The 
painter then mixes in a palette colours similar 
to the darker grains of the wood, and these are laid 
over the ground, and, while still wet, painters’ coiuImi 
[16J are drawn over it to give the effect of graining. 
For fine work camel-hair pencils may be used, and the 
effect of knots is product by using sponges or piece s 
of cloth. This work requires considerable skill 
and practice if the graining of highly ornamental 
woods, such as maple and walnut, is to be faith- 
fully represented, but a common class of graining can 
bt*. executt'd without much difficulty. 

Overgraining consists of applying a thin extra 
coat of raw umber or Vandyke brown, mixed with 
small beer, over the ordinary graining. U’his is 
applied with a large flat brush with a wavy motion, 
and is intended to represent the effect of silver grain. 

The varnish is apifiicd after the graining is dry, 
and should consist of two coats of copal vaniish. 

Painting Iron. The surface of the iron Jiiust 
be clean and free from rust, and it is often usual 
to paint iron with one coat directly it leaves the 
forge or cast. It is customary to employ red lead 
or an oxide of iron paint. Ironwork should have 
another coat of paint before fixing, and, where 
exposed, a total of four coats. In painting rain-water 
gutters and heads, both the inside and the outside 
must be painted. In the case of ironwork that has 
been dipped in Dr. Angus Smith’s solution, a coat 
of knotting is required before painting. 

Repainting Old Work. Old work requires 
to be thoroughly cleaned before repainting; it 
must be well washed with soap and water, and 
afterwards rinsed with clean water, and rubbed 
down with pumice. The first coat of new paint 
should be mixed with a liberal supply of turps. 
If the old paint is worn in places so as to expwt 
Me joinery, it must have additional coats of paint 
such parts: these are first executed and 
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allowed to dry, aud the final ooata carried over the 
whole uniformly. Where joinery has been repaired 
with new woodwork, this must be treated as new 
joinery — primed, stopi^ed, and two coats of paint 
applied. This is described as bringing forward^ 
and the final coats are taken over old ind new work 
alike. If old paint has perished or become blistered 
so that it is impossible to make a good job by 
{minting over it, it must be removed ; on iron this is 
done by scraping, and on woodwork by burning ofi, 
a jet of gas or the painter^s torch being used against 
the paint, which is thus softened and easily scraped 
off. A solution of equal parts of soda aud quick- 
lime may also bo used ; the soda is dissolved in water, 
the lime added, and used hot with a brush, after 
which the paint can be washed off with hot water. 
If this is used the wood should be washed over with 
vinegar before repainting to kill the lime. 

Varnish. Varnish is a transparent material 
which may be applied to natural surfaces or to 
surfaces already painted. Varnishes are solutions of 
resins or gums dissolved in spirits or in oil. Resin 
is the residue obtained by distilling turpentine. 
There are several varieties of resins, and some of 
them are termed gums. These are exudations from 
trees, and are, when first produced, mixed with some 
essential oil, which, evaporating, leaves a hard 
substance. 

The principal resins in use for varnishes are as 
follow. Amber, obtained from Prussia, very hard and 
durable, but difficult to dissolve, expensive, and a 
slow drier. Coped, obtained from the East and West 
Indies and America,may be obtained in three different 
qualities, depending on the colour, the lightest being 
very pale, and used for high-class work. Mastic is 
a resinous gum obtained from the countries border- 
ing on the Mediterranean. Oum Dammar is ob- 
tained from the kawrie pine, is rather soft, and almost 
colourless. Lac is a resinous substance obtained 
from the East Indies ; from the natural substance 
shellac is manufactured, which is very pure, and is 
used in making lacquers. 8andarach is a somewhat 
similar substance, obtained from the juniper. 
Common resin is cither brown, which is formed by 
distilling the turpentine of spruce fir in water, or 
white, which is distilled from Bordeaux turpentine. 

The solvents (which correst^nd to the vehicles in 
paint) ore boding linseed ou used with the hardest 
resins and ^ms. Varnishes made with oil are the 
hardest and most durable, but take longer to dry ; 
they are used for superior work, and should be 
employed for external work. Turpentine is used with 
softer gum such as mastic, dammar, and common 
resin. These varnishes are less costly, and dry 
quickly, but are not so durable as oil varnishes. 

Methylated spirit is used with lac and sandarach. 
These spirit varnishes are known as lacquers, dry 
quickly, and become hard and brilliant, but are apt 
to crack and |)eo], and are used mostly for cabinet 
work not exposed to weather. 

Water is used hot with loc and with as much 
ammonia, borax, potash or soda as will dissolve the 
lac. This is inferior to the other varnishes. Driers 
are used with varnishes, and accelerate the drying, 
but if used in large proportions injure the durability. 
The usual driers are litharge, sugar of lead, or white 
copperas. 

Work of a porous nature such as wallpaper or wood 
must be sized before varnishing, and no second coat 
of varnish should be applied till the coat below is 
thoroughly hard, or the drying of the lower coat 
will be stopped. 

Staialng. Stains are applied to light-coloured 
woo^ that are to be varnished. In some cases the 


colouring matter is mixed with the varnish, but it is 
usual to stain the wood with a liquid water-stain, 
then to size twice, and in good work to varnish the 
surface twice. In the case of floors, the margins of 
which are often so treated, the varnish is very opt 
to wear, and instead of varnishing, the work may be 
wax polished. The jKilishing is done with beeswax 
shredded, mixed with turpentine, and gently 
heated; the wax is applied with a rag and then 
vigorously rubbed with a cloth or, if a large area is 
dealt with, by a floor polisher. This work must be 
kept in good order by rubbing over about once a 
week, and maintains a better surface than varnished 
work, but demands more attention. The stain'* are 
supplied in various colours, to imitate different 
classes of wood, such as rosewood, walnut, oak, 
mahogany, etc,, and also in other colours, such as 
green ; they may be obtained in a liquid state 
ready for use, or in powder, which is dissolved in 
hot water for use ; it is laid on with a brush or 8ix)nge 
in one or two coats, according to the colour required, 
and allowed to dry before sizing. 

Apply Varnish. Care and judgment 
are required in varnishing ; the material is sensitive 
to atmospheric effects and should not be apjilied 
when there is much humidity in the atmosphere ; 
newly varnished work must lie protected from cold 
draughts. The varnish, until used, must be stored 
in a warm place and not become chilled ; varnish 
should not be mixed with any other kind of var- 
nish nor thinned with oil. The varnish is applied 
with a varnish brush, and is usually applied across 
the work and finished by stroking the work down 
with the brush in a vertical direction to make it 
flow and obliterate brush marks. Care must be 
taken not to apply too much varnish, especially 
at the angles, or it will run and form tears. 

Whitewashing. This term is projierly 
applied to the whitening of internal walls ana ceilings 
with a mixture of whiting and water mixed with 
size, but is also sometimes used for the covering of 
walls with a mixture of lime and water, which is more 
properly described as lime-washing. Lime- white and 
common distemper are often applied by the plasterer, 
but will be described here. Lime-white is mdde 
from pure chalk lime mixed with water. Factories 
and other buildings are required to bo lime- 
whitened at regular intervals, and the material for 
this purpose should be applied hot. The lime is first 
slaked, and, when slaking is complete enough, hot 
water -s added to dissolve the lime; 1 lb. of pure 
tallow may be added to each bushel of lime or 4 lb. 
of sulphate of zinc and 2 lb. of common salt. Lime- 
whiting is also applied to the walls of cellars and 
similar oifices. It is cheap, but will not withstand 
wet, and is liable to rub off, but is serviceable when it 
is desirable to renew a coat at short intervals of 
time. 

Whitewash is made v/ith which is white chalk 

finely powdered, and is sold in the form of balls. The 
balls are roughly broken, soaked in water, and stirred 
and broken up with a stick, or by hand, and left just 
covered with water for about six hours ; afterwards 
double size in the proportion of 1 quart of double size 
to 6 lb. of whiting is added and the mixture left to 
st^nd in a cool place till it becomes a jelly ; then it is 
diluted and used. One pound of jelly will cover 
about six superficial yards. 

Sise. tS'ize is liquid glue prepared by boiling down 
the horns and sinews of animals ; double size is the 
same material, but boiled down to about half the 
bulk, and is therefore stronger ; both these forms 
require soaking before use. Patent size is a 
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prcpiiration of gelatine, and can be used without 
Hoaking. 

ClmrcoUe in a coat of size mixed with w’atcr, which 
is laid over plaster walls and ceilings before whiting 
or distenij>er. 

In mixing whiting for ceiling work some' colour 
is mixed with it to counteract the yellow effect of 
pure whiting. This is termed breaking down — a little 
ultramarine or indigo, or sometimes black, if a dead 
white is required, but with tinted walls a wanner 
tone may be preferred for the ceiling, and a cream 
colour may be formed by adding ochre. 

JJistemper is formed of whiting and size with the 
addition of colouring material to produce any 
desired tint ; the pigments are the same as used 
for oil paints, and are mixed with the whiting before 
the size is added. All distempers appear muc h darker 
when wet than dry. The real tint of any colour as 
mixed should be judged by applying some of it to a 
piece of white paper, and drying it artificially. 

Washable distempers are specially prepared and 
Rold in the form of paste ; they require diluting with 
water l>efore use, and must bo mixed in accord- 
ance with the instructions given by the manu- 
facturers. They may be obtained in a great 
variety of tints and colours, and form a good solid 
surface, which will stand washing. 

Applying Whitewash or Distemper. 

This is done with a large brush [18] with a long 
wooden handle. The brush is dipped well into the 
pail of whitewash, and any superfluous material 
squeezed off against the cage ; the brush is then 
applied smoothly and evenly to the work. The 
distemper should be stirred from time to time with 
a stick, and work should not bo gone over twice. 

Stencilling. Very good effects may be pro- 
duced by stencillmg a design on a plain coloured 
surface to form a border or lino or to cover the sur- 
face generally. The yiattem is out out of a thin plate 
which is also provided with guides to indicate 
exactly the position it must occupy when shifted. 
StencuB may bo comparatively simple or elaborate. 
Sufficient substance must be left in cutting the stencil 
to keep all parts of it connected together, and these 
ties should form an element in a good design. The 
stencil is placed against the finished surface of the 
wall, and a stencil brush fl4J is dipped into the 
colour, which is darker than the ground, and is 
dabbed ^ntly and evenly over the whole stencil. 
It must DO held at right angles to the surface or 
the colour may nin under the stencil plate and spoil 
the design. A design thus [)roduced forms an excel- 
lent frieze to a plain distempered wall. 

Tar and Pitch. Tar is obtained by the 
slow combustion of resinous woods, and such tar 
is known as Stockhohn tar, as it was formerly almost 
exclusively imported from Sweden ; it is" thinner 
than coal-tar and of a rich brown colour, and x^ne- 
trates well into the ]>orcs of the wood. 

Coal-tar is a by-i)roduct of gas-making, and is 
formed by the distillation of coal ; it is quite black 
in appearance and thick. 

Pitch is the solid residue obtained by distilling tar; 
the process varies somewhat according to the nature 
of the wood from which it is obtained. Pitc‘h may 
be added to coal-tar in the xiroportion of from 1 to 
2 lb. to each gallon of tar. The ooject is to prevent the 
tor from running under hot sunshine, and, if used 
pure, it is apt to do so : a little lime is sometimes 
added with the same object. Pitch may also be 
added to Htookholm tar, but will destroy the 
bright, clear oolour and make it nearly black, 
which is u serious objection if used for ornamental 
t'rabering in half-timbered gables and similar situa- 
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tions. Tar is applied hot, with n long-handled brusli, 
and is princix>ally used for timber work, osiiecially 
fences and out-buildings much exposed to the 
weather, but is sometimes applied to exposed walls 
to render them waterproof. 

Tar is also applied sometimes to rough ironwork, 
and forms a durable covering. Two coats should lx* 
used, and a little lime or sand may be mixed with 
it, and worked on with a hard brush. 

Tar paint is used for some iron structures, such as 
bridges ; the beist mixture is said to be ^ lb. sulphate 
of lime, 1 gallon coal-tar, and sufficient naphtha to 
make it work freely. 

GLAZING 

The work of the glazier consists in cutting glass 
to fit openings of various sizes and shax^es and in 
fixing it into &ames of wood or iron, and sometimes 
into ox>enings of brick, stone, or terra-cotta, and the 
making up of designs in small pieces of shax)ed glas.s 
termed lead lights and fixing them, and of similar 
work. 

The glazier s tools consist of a diamond [28], which 
is usea for cutting glass. This is a small uncut 
diamond set in lead and mounted in a brass 
ferrule with a hardwood handle. Compasses provided 
with a socket on one leg into which the handle of 
the diamond can be fitM for cutting circular work. 
Hacking-out knife [29], often a broken table knife, 
shar^iened on the edge, and used for cutting out old 
Xmtty in reglazing. 

These are the i>rincipal special tools ; but several 
others are used, already described in other trades 
— square, straightedge, rule, daw hammer (for sprig- 
ging), sfopphig knife (for Btoi>ping-in and smoothing 
off putty), dusting brush, sash tool (for priming 
sashes, painting xmtties, etc.), and, in lead glazing, 
copper bits or eMering irons, 

CompoBitlon and Forms of Glass. 
The ordinary glass used by the glazier is composed 
of a mixture of x>ure sand, soda and chalk, and 
broken glass : these materials are melted at a 
high temperature and by various processes, and arc 
then formed into sheets of convenient size and thick- 
ness for glazing i)urpo8es. 

In all forms of glass large sheets are charged at a 
higher price per sujiei'ficual foot than small ones, as 
the latter can often be cut from waste or breakages. 
Any glass that is required to be bent is charged at a 
special rate if bent in one direction, and a further 
cnarge is made if bending in two directions is re- 
quired. 

The princix>al qualities of glass in ordinary use 
are crown, sheet glass, and plate glass, which differ 
from each other to some extent in oomx) 08 ition, but 
mainly in the method of their manufacture. 

Crown Glass. Crown glass is blown by 
means of a blowpixie into a globular form, 
then heated and rapidly rotated until it whirls 
out into a flat disc or taltle, in the centre of 
which is the btdlion, or blob of glass, by which 
it was held, and whicjh is thicker than any other 
part ; but the thi(;kness throughout is somewhat 
uneven, the centre part of the table being thickest ; 
the size of good glazing panes is therefore 
limited by the diameter of the plate, Which generally 
varies from 31 ft. to 5 ft. The sheet may be out 
up in a variety of ways, but the centre is out out 
separately,* generally a^ut 6 in. square, and is known 
as a quarry, a term that is also applied t^lass cut 
up into small x>ieces for lead glazing. The rough 
centres were formerly used for the commonest glazing, 

t it in recent years have been in great demand for 
me forms of lead glazing. The maximum size of a 



sheet of crown glass does not exceed 5 superficial 
feet, and the thickness varies somewhat. The 
weight is about 13 oz. to 7V hi. of thickness, and, for 
window glazing, should be about 16 oz. mr foot. 
The glass is sold either in crates of tables con- 
taining half tables, semicircular in form, or in crates 
of slabs out to sizes. This glass is verv clear and 
white, but the surface is oonsideraoly curved 
unless specially flattened, which makes glazing 
difficult, and it can be used only for frames of a 
small size. There are several qualities — adecUtd 
qualities^ for glazing pictures, of which A is the 
best and B the second ; ordinary glazing qualities, 
divided into seconds, thirds, and coarse. 

Sheet Glass. Sheet glass has to a great 
extent superseded crown glass for most purposes. 
It is blown in the form of a hollow cylinder with 
closed ends ; these are cut off and the cylinder is 
cut throughout its length and afterwards reheated, 
when the glass falls outwards into a flat sheet, 
rectangular in form, and is gradually cooled. The 
surface may be polished or ground, and the glass 
bent to curves if required. This glass is made 
quite clear, known as crystal or slightly tinted ; it 
is to be had in the same qualities both for pictures 
and glazing as crown glass ; it is usually described by 
its weight per supeimciai foot; the usual weights 
and thicknesses are as follows : 15 oz. = in. ; 
21 oz. = tV ini* ; 26 oz. — ^ in. ; 32 oz. = f in. ; 
36 oz. i in. ; 42 oz. ~ -ji in. 

This glass is not quite so clear or white as crown 
glass, but it can be obtained in much larger panes, 
because the sheets, being rectangular and having no 
bullion, can be out with much less waste. In 
all glass some small air bubbles are formed; in 
sheet glass and in the forms of plate glass pre- 
pared from it, these small bubbles have an oval or 
elongated appearance, the result of the process 
of manufacture : whereas, in cast plato^ hereafter 
to be described, the bubbles are perfectly globular. 

Plate Glass. Patent plate glass, or bloum 
'/date, is produced by polishing sheet glass on both 
sides, and is generally formed of the thicker qualities. 
The polishing of glass is done with sand, emery 
])owder, and oalcothar, or red oxide of iron. It is 
obtainable in two colours, ordinary crystal and 
ejctra white, and the qualities are known as best, 
“ B,” second or “ C,” and third, or “ C.C.’’ 

Fluted sheet is formed from the third quality 
of glass by rolling it while hot with rollers formed 
with coiTugations ; the effect is to toughen the glass 
and to abolish its transparent quality witnout 
greatly reducing the amount of light that will pass 
through it. Such glass is used where privacy is 
requir^, and effectually prevents those outside a 
room seeing into it even when a light is burning inside. 

Plale glass, or British plate glass, is made by pour- 
ing the molten glass on to an iron tabic and rolling 
it with heavy iron rollers, which strengthens the 
quality of the glass. It is made in the form of 
rough cast plate, rcUed plate, and polished plate. 

Rough cast plate is the commonest form of plate, 
and can be obtained in sheets of large size ; its 
thickness varies from in. to 1 in., and it is very 
strong, but the surface is somewhat wavy. It is 
used for forming the risers of steps, and for glazing 
windows near the groimd level where protection is 
essential, and for pavement lights. It is the cheapest 
form of plate, and is made in one quality only. 

Rough rolled pi^te was patented by Messrs. Hart- 
ley & Co., and is often blown as Hartley's rolled 
plate. For this glass the iron table on which it is 
rolled has the surface covered with fine lines or 
flutes formed on the surface, and these are impressed 
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npon the glass when it is rolled out ; the rollers are 
smooth, and one side only of the glass is thus 
fluted, but the other side is somewhat wavy. Plain 
glass is rolled with verv fine parallel ridges close to 
each other. Fluted nas ridges wider apart, the 
small fluted having usually eleven flutes to the linear 
inch, and the larg^ fluted four such flutes. Glass 
can be obtained up to 10 ft. long and 3 ft. wide in 
this form, and it is rolled in the following thicknesses : 
J in. weighing about 32 oz. per square ft. ; V’n in., 
I in., I in. This gloss is much used for skylights, 
conservatories, and in windows of factories, etc. 
] jight admitted though it is somewhat diffused, and 
the glare of sunlight is diminished, but more light is 
obstructed by this quality of glass than by polished 
glass ; in fixing, the smooth face is usually placed 
outside. 

British polished plate is cast in the same way 
as rough cost plate, but a superior quality of glass 
is cast for polishing, and it is afterwards ground 
down to an even surface and then polished on both 
faces. This glass is prepared in several qualities — 
silvering quality, specially intended for mirrors, 
but us^ also for the highest quality of glazing ; 
best glazing, and ordinary glazing. This glass can 
be obtain^ in sheets of immense size, though very 
large sheets are charged at a special rate ; but 
sheets up to 100 ft. area are usually kept in stock 
in several thicknesses. This glass is very clear and 
colourless, it transmits a greater proportion of 
light than any other material, and, in common with 
all forms of plate, is very strong ; if J in. thick, it 
prevents cold from penetrating to a great extent ; 
it tends also to prevent burglary, as it cannot be 
cut and removed without noise. 

Of diamond and quarry rough plate the former 
has one smooth side, while the latter has diagonal 
lines forming lozenge-shaped figures filled in with 
narrow ridge linos. The diamonds in the quarry 
plate are larger than in the diamond ])late. 

Figured Rolled Glass, There are various 
other methods of treating glass surfaces by rollers, 
which are of more recent introduction. But in all 
cases the method of production is somewhat similar, 
and the glass varies in appearance with the desi^ 
cut upon the iron tables or upon the rollers. Of 
these forms of glass, one of the best known is 
Muranese, which is entirely covered on one face 
with small flutes, not parallel, but arranged some- 
what after the pattern of a shell, in various 
shapes. This may be obtained in white or tinted 
glass. Another similar glass is known as Arabesque, 
and this also is formed with radiating grooves. 
Other forms are rolled, which are foliated in 
eliaracter, such as the Japanese pattern, in which 
flowers and foliage are represented on a ground 
covered with dote in place of grooves, and the 
Flannel Flower pattern, which differs in design, but 
resembles the Japanese in treatment. The object 
of all these forms of glazing is to destroy the trans- 
parency of the glass with as little damage as possible 
to its transliicence, and they are generally em])loyed 
for glazing windows and screens to rooms in which 
observation from outside is to be avoided. 

Wired Glaee. This is ordinary glass, but 
has imbedded in its thickness a layer of wire 
netting. The glass surface may be treated either 
as cast or rolled or polished. The special advantage 
of the wire is that in the event of the glass being 
broken by accident or by fire, the fragments are 
bound together by the netting, and will not fall out. 
It further increases the resistance of such glass to 
the attacks of burglars. The wirework is, of course, 
visible, especially in the })olished glass, and this may 
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make it undesirable to use for such positions as 
shop fronts ; but for skylights, and in other positions 
in which the presence of the wire is not objectionable, 
it is very serviceable. It may be obtained in lengths 
up to 100 in., and up to 36 in. broad. 

01088 ventilators are sometimes used ; these maj* 
either be cast with jjerforations in them, or the 
perforations may be cut afterwards. This is the 
most satisfactory plan, as such a ventilator can be 
cut where desired in a large ])late ; a circular disc of 
glass, with similar perforations may be fixed over it so 
that it will rotate on its axis and form a hit-and- 
miss ventilator |81J. 

Glass Shelves. Thick pieces of glass are 
often employed for shelves in 0 |:>erating rooms, for 
carrying instruments, and also in high-class shops. 
In such work the edges of the shelves are slightly 
roundtKl and also jioiished, and it is usual for all 
good qualities of glazing to have the edges of the 
panes rounded and polished in a similar way. Tht* 
surface of polished plate, if it becomes scratched, 
may be repolished. 

Cut Glass. Plate glass may be ornamented 
by cutting the surface so as to form n floral or foliated 
design. This cutting includes bevelling the edge, 
which is sometimes introduced and is effective, and 
also ornamental lettering. The surface is cut by 
means of nn emery wheel, and afterwards polished. 
The wheel revolves on a stationary bed, and the glass 
must be brought into contact with it whenever any 
cutting is required. In order to do this, the sheet 
of glass is mounted in a frame and balanced with a. 
counterpoise ; it is then moved by the workman so 
that the cut is made of the desired size and shape. 
The cost of cutting is higher for the same amount 
of work on a large pane than on a small one, owing 
to the increased difficulty of maniimlation. 

French embossing is also executc<l on plate glass ; 
in this work, the surface of the glass, excepting those 

S ^rtions which are to be embossed, is covered with 
runswick black ; the surface is then subjected to 
the action of fluoric acid, which eats away the un- 
I protected surface, giving it a dull, slightly opaque 
effect. The action of the acid may be stopped in 
certain parts of the design at any time by painting 
them out, and in this way some portions are more 
deeply oaten than others, affording a further contrast 
with the ]ilain glass. The effect may he still further 
heightened by combining einhossing and brilliant 
cutt ing in the same piece of glass. 

Cloisonne glass is a somewhat recent form of 
ornamental gloss which is very suitable for many 
purposes such screens ; it may also be used for 
external windows. 1 1 is ])repared as follows : a 
sheet of glass the exact size required for the 
opening is taken, and the design selected is formed 
on the surface with a tine brass or gilt wire ; the 
surface within each enclosed area is filled in 
with glass in small granules, which may be varied 
in size, and also in colour ; either delicate or bold 
effects may therefore be yiroducod. These granules 
are fixed with a transparent cement, and the 
whole surface of the glass is covered w'ith 
the design, and this surface is afterwards covered 
with another plain sheet of glass, secured at the 
margins, and the sheet can then be fixed like 
ordinary glazing. The surface on both sides is that 
of a plain sheet of glass, which is cleaned jierfectly 
easily. The most splendid method of treating 
glass surfaces is by staining or painting them, but 
this is work of a highly artistic character, and cannot 
be dealt with in this article [see page 4945]. 

Coloured Glaee This may be pr(xluced by 
adding various metallic oxides and other substances 
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to the materials used for making the glass before 
using, and a great variety of colours and tints may bo 
proouced In tliis way. The term pot metal is applied 
to glass in which the material is coloured right 
tlurough. Flashed colours are those in which plain 
glass is covered on one aide with«a thin layer of 
coloured gloss. A design may be formed on such 
glass by eating off the coloured glass in certain 
XK)rtion8 by means of fluoric acid, and allowing thi^ 
white glass to show through. 

By using pot metal as the p*ound work for flashed 
glass, an endless variety of tints and shades may bo 
produced. Glass of this character is used in the 
making of glass mosaic, and for such work the gold 
culws which arc often employed may bo formed by 
laying gold leaf on the plain glass and flashing a 
roloured gloss over it ; by changing the tint or colour 
of the flashing great variety and beauty is given to 
the gold underneath it. 

Coloured glass is much used for ecclesiastical 
work, and is often called cathedral' glass ; where it is 
desired that such glass should not be quite trans- 
jwrent, it is sometimes slightly or considerably 
obscured by sprinkling over the sheet, while still 
quite hot, some flno sand, which becomes partially 
fused and incor|K)rated with the glass, and forms a 
series of H|)ots on the surface, which may be some 
distance from each other if lightly sanded, or close* 
together if heavily sanded. 

Transparency of Glass- Even the inosi 
transparent glass will not allow all the rays of light 
that roach the external surface to pass through it, 
but some kinds of glass obscure or reflect much mon* 
light than others. The diminution of light caused 
by filling an opening with different qualities of 
glass, as compared with the same opening unglazed, 
is ns follows ; Of the total light received, British 
polished plate, | in. thick, intercepts 13 per cent. ; 
sheet glass, 32 oz. to the foot, intercepts 22 per oept. : 
rough oast plate intercepts 30 per cent. ; rolled 
plate, 4 flutes to an inch, intercepts 53 per cent. 

Glass is prepared in the special forms of prisms for 
certain glazing work ; these are cast of the required 
form, and afterwards polished and made up into 
lights for use as i»avement lights, stall boards, coal 
plates, etc. [ 30 ]. The manufacture of these lights is 
in the hands of sfKscial makers, and they are usually 
supplied complete in their frames, which in sonu* 
cases, on account of their weight, are hinged and 
balanced with counterweights, if they are likely to 
be frequently opened. The object of all such 
]»risinatic glass is to deflect the rays of light reaching 
the inner face of the glass and to send the rays in a 
horizontal direction, or nearly so; by this means 
the back |K)rtion of rooms that would otherwise 
be very biidly lighted may receive a greatly im- 
proved illumination. Glass is also manufactured 
with a series of small parallel prismatic projections 
on the inner face with the same object. In other 
coses reflectors are employed filled in with sheets of 
glass fluted on the face and silvered on the back to 
direct light in the required diioction. 

Glaxing with Putty. For most glazing fixed 
in wood or iron frames, putty is used for fixing the 
glass to the frame. Glaziers' putty is made of 
whiting mixed with linseed oil and well kneaded ; 
sometimes a little tallow or non-drying oil is added 
to it to keep it slightly soft, so that it shall not la* 
damaged by the alternate expansion and contraction 
of the glass. When used, the putty is in a plastic 
condition, but somewhat stiff ; the frame should 
have been at least primed, and if this has not been 
d^e, the rebate that receives the glass must he 
{Pnited, or the wood would soak up the oil in the 



putty before it had hardened. The does is cut so a« Hght; the lower edge, or laU, is often supported by a 

to fit somewhat loosely in the frame l^t is to receive copper clip [40] to give it additional security, and if 

it. If it were tight at any point, there would be two or more sheets of glass are used they must be 

a risk that the glass will split under the effect well lapped and a copper clip may be used to 

of expansion and contraction — if any alight support the upper piece. The extent of lapping 

settlement in the building should tend to alter the will depend on the slope, but is usually about 

shape of the frame the same accident might occur — li in. The lower edge of the glass runs over the 

whereas, if it is slightly smaller than the frame the apron of the light aim should bo allowed to cover 

conditions suggested should produce no such result. it completely ; but in some cases it is stopped on 

The edges of plate glass should be blackened before the back of the apron, with the result that water 

glazing, to prevent the effect of reflection from them. is delivered on to the surface of the apron, and. 

Puttying. The first operation is to draw or especially if the inclination of the light is not great, 
spread a thin layer of putty fairly evenly along this is liable to rot the wood. In glazing green- 

the back of the rebate all round the frame ; this houses and garden lights the glass us^ is generally 

is not carefully smoothed but left from the knife thin, and is used in small pieces with several hcri- 

that is used to spread the putty. The sheet of glass zontal joints and a small lap ; in such work the 

is placed in the frame and pressed firmly against metal clips above referred to are not required, 

the putty on the rebate, which thus becomes reduced If ground glass is to be fixed with putty the surface 

to a uniform thickness, and some jiutty is generally round the edges should ho first size! to prevent 

squeezed out in the process and will stand above the putty from discolouring it. 



GLAZING TOOLS AND SYSTEMS OF GLAZING 

28. Glazier's diamond 29. Hackiiig-out knife 30. Prismatic gliuB 31. Glass ventilator 32. (Gazing with putty 
83* Glazing in stone jamb 34. Glazing in terra-cotta jamb 35. Lead glazing with saddle-bar 36. (Gaziiig with wockI 
beads 37. "Simplex” glazing S 8. Helliwell's glazing 39. Kendlo’s glazing 

the wood of the sash all round on the inside of the Glazing in Stone and Terra-cotta, 
glass : this is not at once removed but left till it In certain styles of buildings sheets of glass which 

gets hard and is then cut off, generally after an are not required to open may be fixed in the stone 

interval of about a week. or terra-cotta opening without the use of any 

If the sheet of ^lass is large and heavy it is very wood or metal frame. This is usually done by 

often sprigged ; this consists in driving small brads forming a rebate in the frame, fixing the glass 

of iron or brass into the woodwork at intervals, against the rebate and securing it in position with 

to hold the glass in position till the putty has hard wood beads or mouldings screwed to wood 

hardened ancl is firm enough to hold the gloss or lead plugs let into the jambs [88J ,* the outer edge 

securely ; but with panes of ordinary size, this between the glass and the rebate is pointed all 

process may be, as a rule, omitted. When the round in cement. 

glass is in position additional putty is worked on Where the glass does not consist of a single sheet 
all round the panes on the outsi(le and finished with but is in the form of a loaded light a ^oove is 

a sloping or weathered surface [82]. The ext^nal formed instead of a rebate in the material of the 

surface of the putty should bo painted at once to window opening, and the glass light can be slightly 

prevent its drying too rapidly «md cracking ; a bent and plac^ in the woove and afterwards 

sash tool [11] is used, and care must be taken to straigh tened out and fixed and p(>in ted in cement [84]. 

see that the paint is not smeared on the glass. StMle bars are usually required for assisting to 

Putty Glazing to SHylighta. When putty support lead lights which, in windows of any size, 

is used for glazing skylights the system is are not rigid enough to resist any consitlerable 

similar : it is desirable when possible to employ wind pressure. In the simplest form the saddle 

a single sheet of glass to glaze each division of the bar is a square bar of iron from | in. square 
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upwards. <3epending on the strength required ; 
the ends arc fixed to the frame into which the light 
is fixed and the light is scoured to the sAddle l>ar« 
with copper wire [fej. If the jambs of the opening 
are of stone or terra-cotta n mortise is out in each 
side for the saddle bar and it is run in with cement ; 
if R wood frame is used the ends of the bar may be 
turned up and flattened and perforated for a screw 
and then fixed to the frame. 

In the case of very large lights, vertical bars or 
stanchions are used to stiffen the sfiddle bars, and 
are sometimes very large and strong and are 
secured to the surroundihg masonry. 

Glaring Internal Lights. Whore glass 
is to bo fixed in an internal screen or door, putty 
may still be used, but in such cases when there is 
no exposure to the weather it is not essential, and 
it is often preferred that both sides of a frame 
should have the same character and upjicarancc ; 
in such cases the glass may be seewed in the 
rebate by means of small wood beads or mouldings 
fixed to the frame and glazing bars with small 
screws [86J: these should be of brass, and brass 
cups are usually provided and let into the beads to 
take the heaefs of the screws exactly. Such an 
arrangement allows of easy and quick repair to 
any pane that has been broken by merely removing 
the mouldings, inserting the new pane and refixing 
them. Where the upi>er jianels of doors have to 
be glazed, the same system may be used, but a 8tr»i> 
of washleather or vulcanised indiar libber is used 
for holding the edge of the glass to reduce the 
vibration duo to the opening and closing of the 
door, which might otherwise crack the glass. 

Glaring Without Putty. The dniwbacks 
of putty are that the material does not remain 
f^iermanently sound, btit is apt to perish, especially 
in the case of skylights in which the glass is not 
placed vertically, but often at a very flat angle : 
this decay may bo greatly retarded by careful 
painting nt least in every second year, but in time 
putty is apt to crack, and ceases to be watertight. 
It is also a somewhat troublesome matter to back 
out the old putty, which gets hard, and several 
systems have been adopted to avoid the use of any 
putty, but to provide for securing the glass in 
osition by jnochanicul means ; such a system must 
e, nevertheless, watertight, must not interfere 
with the expansion or contraction of the glass, 
and at the same time must render the execution 
of repairs an easy and rapid operation ; it is essential 
that the construction bo strong enough to allow of 
workmen getting about on the roof to execute 
repairs. The simplest form of this class of glazing 
is termed tho simplex [87], and can be utilised with 
existing wood lights and bars by removing the 
rebates on the latter, or may in new work have 
bars specially prepared for it. The system makes 
use of a strip of lead specially folded so that 
it may be nailed to the top of the bar, and after the 


glass is put into {>OBition the edges are turned down 
and dressed over the glass. The load strips are 
secured to the wood bars with copper nails placed 
on alternate sides of the centre line about 4 in. 
apart. 

Hendleit Imnncihle glazing [89] has a specially 
formed bar of zinc or copjier provided with con- 
densation gutters, which is sufficiently strong for 
lengths under 4 ft., hut for longer lengths must be 
carried on a bar of wood or a T-iron. The glass 
rests on this bar and a metal capping is emjfloyod, 
secured by bolts and nuts at intervals. 

Hope's gWzing has a specially moulded steel bar 
with a dovetailed groove in the centre, of the top ; 
into this a sjieeial cast lead cover strip is screwed 
with flanges dressed down over the glass. 

HeJliwdVs Perfection glazing [ 88 ] also employs a 
sjiecinl moulded steel glazing bar, with a capping 
of lead, zinc or copper, fixed with brass bolts and 
nuts. 

Leaded Lig^hts. Leaded Lights are -formed of 
small pieces of glass fitted into grooved lead strips, 
which are soldered together to form lights or panels. 
The glass may be white, coloured, stained, muffled or 
rolled. The-lead strips, or carries, are of an H section 
and are drawn, and the joints arc soldered ; th<‘ 
fames are cut rather short and drawn through a 
compression vice, the effect of which is to harden 
and polish the surface and to mill the groove ; the 
<*entre between the pooves is the heart, and each of 
the sides is termed the leaf ; this is usually flat 
or round, but may be beaded and is, for ordinary 
glazing, from J in. to -} in. wide, but may be as 
much as 1 in. The two leafs are oi»ened out to 
receive the glass, and then a cement is brushed under 
the leaf, consisting of maslic or whiting and red 
lead, and the leaves are then closed down on thc^ 
glass and coated with black lead, or the surface may 
be gilded : they should l>c allowed a week to harden 
before fixing. The i)ieces of glass may be rectan- 
gular or of almost any desired form, but a piece 
of glass that is narrower near its centre than at 
its ends is undesirable ns it is liable to crack 
across. The cames are bent to fit the outline of 
irregular pieces of glass, and the various lengths 
of cames are soldered together where they meet ; 
short lengths of copper wire are also soldered in 
for fixing to the sacldlc bars already refened to. 
The cames often play an important part in the 
design of ornamental lights, and in all such work 
due provision for the saddle and stay bars must 
be made. 

A more rigid method of fixing up panels from 
small sheets of glass has been, within recent years, 
introduced by tlie Lux for Company. The pieces 
of glass arc carefully cut and laid out on a table 
with copi>er ribbons till the panel is formed up of 
the requisite size. This is then put into an electro- 
lytic bath and copper is deiK>sited between the 
edges of the glass and intimately connects it with 
the frame, forming an extremely rigid panel. 


Contimicd 
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If this is beyond our power a doctor should be 
seen. If any special article disagree^ it is well 
to see if the cooking of it is what it should be, 
and if so, to eat less of it rather than to discon- 
tinue it. Such indigestible combinations as tea 
and meat, rich sauces and twice -cooked meat 
may, of course, be stoppcxl. Rest after meals 
may help. Better mastication, slower eating, 
rest of mind at meal times and careful attendance 
to daily relief all greatly help. For flatulence, 
peppermint in any form with a little soda is still 
the best relief. For anything further a doctor 
should be consulted. 

Biliousness. Biliousness is a digestive 
disorder, the cause of which is but little known. 
Tt is one of that interesting class of diseases 
that arises from self-poisoning, or, as it is calUd, 
avtosepsis. It is not generally known that 
the body in the process of ordinary digestion 
eliminates from the food, and especially from 
nitrogenous foods, various potent poisons. Still 
more are made where the digestion is imperfect 
or the food improper or excessive, and it is one 
of the regular functions of the liver to purify 
the digestive products that pass through it 
on their way into the circulation. 

When the Uver is congested — that is, overloaded 
with blood from sudden chill of the surface by 
(u)ld air or water — or w'hen it has too much work 
put upon it from too much food, and especially 
rich meat foods, or when it is sluggish in its 
action for want of general exercise of the body 
and sedentary occupations, it fails to do its duty 
and allows some of the digestive products to pass 
into the circulation unpurified and containing 
(certain poisonous substances. 

Tliese substances circulating in the blood at 
once begin to show their effects in the nervous 
centres, and all the signs of poisoning set in. 
The person feels very ill, and has a bad frontal 
hoad^he. He refuses all food, and suffers 
from nausea and vomiting — often violently. 
By degrees the poison is eliminated and he 
recovers, for these attacks are seldom dangerous 
though most depressing. 

It must be clearly understood that a bilious 
attack has nothing to do with bile ; the disease 
that is connected with it is called miindice. 
The former is a case of self-poisoning, arising from 
imperfect action of the liver due to preventable 
causes. No one ever really need have a bilious 
attack. The remedy is abstinence from food 
till it is over, and then nothing but light, 
digestible diet for at least two days after. 

Vomiting. Vomiting is rather a symptom 
than a digestive disease ; but as it often occurs 
apparently by itself we may treat it as such here. 
It is generally an effort of Nature to get rid of 
some poisonous or indigestible substance from 
the stomach, and in these cases it is wholly 
beneficial. It may, however, be due to at least 
two other causes. There may be intense irrilahUity 
of the stomach, either from acute dyspepsia, 
some inflammation of the stomach, some pressure 
upon it, or the high temperature of fever that 
compels it to reject all sorts of solid food. Or 
the cause may not be in the stomach at all, 
but in the nervous system. There is in J|e 
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brain what is called the vomiting cenfre, which, 
,if irritated or pressed, causes vomiting. A 
simple remedy is to take one teaspoonful of 
chloroform-water eve^ five minutes. 

Stomach and Liver D^eaaea. Gas- 
tralgia, or pain in the stomach, again, may be due 
to some sore place in the stomach, such as an 
ulcer, or to the tenderness caused by inflamma- 
tion, or other local causes. Or it may be a mere 
neuralgia, brought on by poverty of blood or 
weakness of nerves. In this case food generally 
relieves the pain ; in the former it invariably 
makes it worse. By pain in the stomach is 
meant the stomach proper, not the whole 
abdomen, but just l^neath the breastbone 
where the stomach lies. In simple cases a 
little bismuth often gives relief. If the pain 
be very acute, fixed and constant and accom- 
panied by any vomiting of blood, this may be 
due to some ulceration, which may be serious 
or not, but it is always a matter for medical 
consultation. 

Liver diseases are common in tropical countries, 
but are rarely severe in England. The most 
common trouble in this country is enlarge- 
ment of the liver^ from an overgrowth of fibrous 
material aU through it, choking its ducts, and 
aiTesting its functions, due to alcoholic poisoning 
in its earlier stages. Then there is contraction, 
or atrophy of the liver ^ accompanied by dropsy or 
water in the abdomen, which is really a further 
stage, also caused almost invariably by alcohol. 
Hero we get all the fibrous overgrowth that 
enlarged the liver in the first case contracting 
and strangling all its beautiful mechanism, so 
that not only can it not fulfil its functions, but 
the blood cannot actually get through it, except 
in very small quantities." The result is that the 
back pressure is so great that the watery part 
of the blood everywhere exudes through the 
walls of the abdominal vessels, and fills the 
abdomen with gallons of fluid, which as soon as 
it is removed is replaced by more. 

Avoidable 111 •Health. Need it be 
pointed out that these conditions are wholly pre- 
ventable, and arc simply one of the results of 
the wanton misuse of our power over the 
digestive system ? Surely sins are none the less 
heinous because they are against our own 
bodies, constantly wrecking and destroying the 
exquisite machinery by which life is maintained. 
In all cases of atrophy a doctor should be seen. 

Congestion, overloading, and sluggishness of 
the liver generally results, as we have seen, in 
biliousness, which, indeed, also relieves it. 
A hot poultice over the liver or a hot bottle is 
another remedy. 

One of the ^eat functions of the liver is the 
production of hUey which is stored in a special 
vessel (the gaU hinder) and discharged into the 
bowel as needed for antiseptic and laxative 
purposes. If the duet is blocked and the bile 
finds its way into the blood, the result is jaundice. 
In this disease, care should be taken against 
chills, and the diet should to simple and scanty^ 
with daily relief till well. 

We now oome to a matter upon which it is 
necessary to speak plainly ; and as this is a 
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seriouB medical work, one need have no scruples 
in doing so. The particular form of ill-he^th 
referred to is constipation. 

This trouble consists in retaining in the body 
for an undue time those effete matters derived 
from the refuse of food and the process of 
digestion that are practically poisons to the 
system. These should be got rid of daily, and 
then no trouble arises. But if not, and con- 
stipation is allowed to go on, the ill-health that 
supervenes is often very grave, and of the most 
varied kind, though it is seldom traced to its real 
cause. We will indicate some forms of it. 

How we Hinder Nature*e WorK. If 
the constipation be severe and prolonged, it 
may lead to absolute stoppage of the bowels. 
This, when complete, is fatal — no operation can 
save ; only death remains, which is all the more 
dreadful as it is wholly and completely avoidable. 
Short/ of this, there may be a partial blocking, 
which an operation can relieve. Appendicitis 
is occasionally the result of constipation. 

But, setting these graver results aside, there 
are far more common forms of ill-health little 
suspected that are the constant result of ordinary 
constipation. Wo get a sallow or earthy com- 
plexion arising from the poisonous matter soaking 
through into the lilood. With this goes alowered 
condition of health, nutrition is impaired, the 
.spirits and nervous system are affected, and the 
whole tone is altered. No name can bt‘ attached 
to the condition, but the effects arc obvious, 
though the real cause is so often unsusjiected. 
In some cases the results are far worse. There 
is solid ground for believing that many forms of 
merUal trouble and disordered mind are really 
due to autosepsis. In other words self-made 
poisons have been absorbed into the blood, from 
prolonged constipation of a far more serious 
nature than thosc^ which cause a bilious attack. 
All who have experienced this will remember the 
profound depression of spirits that accompanied 
it, and will, therefore, be little surprised that, in 
a severer poisoning of the brain centres, worse 
symptoms should follow, and the reason itself 
be impaired. 

Diarrhoea. This is the opposite state and 
mucli rarer, though when acute it may, at 
times, imperil life. It never poisons the wliolo 
system, however, like the other condition. 
On the contrary, it is generally the result of 
Nature’s effort to get rid of some poison as quickly 
as possible. In a slight degree it need occasion 
no anxiety ; only if continuous and prolonged 
does it require treatment. It must not be for- 
gotten. that it is a symptom of English cholera, 
and also in many cases constitutes the first 
stage of typhoid fever. 

Tlieso two diseases will be further spoken of 
later on. For simple diarrhoea, boiled milk 
and lim^water, arrowroot with a little brandy, 
and sometimes a dose of castor oil will cure. 

Dysentery and Enteric. We must speak 
of these diseases now, as they are not infectious 
fevers like others. Dysentery is a painful disease 
common in foreign countries where there are 
marshes or bad drinking water. It is a specific 


inflammation of the bowels, characterised by 
constipation, pain and much straining, often 
with much accompanying haemorrhage. The 
trouble is that it general^ leaves some bowel 
weakness behind it, with some liability of 
recurrence Unlike most digestive diseases 
we have hitherto considered, it is not entirely 
preventable in our present state of knowlec^e, 
though wo may hope that with the researches 
and successes of the tropical schools of inedicuw^ 
this may soon be the case. In dysentery the diet 
has to be of pounded meat, milk and raw eggs. 

Enteric, or typhoid, fever is a still more 
general inflammation of the bowels, and is 
characterised by pain and diarrhoea and general 
tenderness. It also often leaves after effects, 
though not to the same extent as dysentery. 

Appendicitis. This famous disease is an 
inflammation of a very small and obscure 
comer of the digestive tract — the vermiform 
appendix* This relic, which hangs like a small 
worm from the end, or rather the blind end, of 
the large intestine in the right groin, and is about 
four inches long, has occasioned more interest 
and discussion than the whole of the rest of the 
bowel tract. This is due to the fact that besides 
any licneticent action its scanty secretions may 
set up in the bowel, it is, owing to its small size, 
a source of great danger. It is dangerous 
because it forms a convenient jilace for cherry 
atones, grape stones, orange pips, and small 
indigesl/ible accretions to lodge, and set up 
ulceration. 

The subsequent processes are so vemarkahly 
beneficent, and such an illustration of the pro- 
tective action of the vis medicatrix naturm^ that 
wo will briefly describe them in the words of 
Sir Frederick Treves. “ In appendicitis a little 
trouble occurs in the apjx^ndix. The wall is 
I>erforated, and an acrid poison finds its way 
into the sensitive cavity of the abdomen. The 
symptoms that follow are termed the sjnnptoms 
of peritonitis. They are distressing and urgent, 
but they are all In^nevolent in intent, and are 
the outcome of Nature’s vigorous efforts to 
minimise calamity, and save the patient’s life. 
It is, in every instance, a beneficial process. It is 
Nature’s method of bringing about a cure, and 
is successful in millions of instances. But for it 
many such cases would be instantly fatal.” 

Peritonitis and Colic. Peritonitis may 
occur quite apart from appendicitis, and is an 
inflammation of the delicate membrane covering 
the bowels. 

Formerly it was one of the gravest diseases ; 
now, thanks to antiseptic surgery, it is rarely 
fatal. The symptoms are exquisite tenderness 
over the whole abdomen, which is as ligid as a 
drum — both very protective symptoms. 

Colic is the imprisonment of wind in some part 
of the large or small intestines, and the result is 
agonising pain, which, however, differs from all 
inflammatory internal pains in being made much 
l)etter by pressure instead of worse. The pain 
also moves from place to place. Peppermint or 
a dose of chlorodyne will probably relieve the 
pain. 


5843 



Group 15 

HISTORY HOW ENGLAND LOST AMERICA 

41 The American Revolution. Foundation and Growth of the United States. 

Continued from War of Independence and the Alliance with France. George Washington 


By JUSTIN McCarthy 


DEFORE the death of Soto French colonists 
^ had appeared in America, whore they had to 
encounter the unceasing hostility of the Spaniards. 
The French were soon followed by English, 
whose way had been prepared for them by 
Hawkins, Drake, GilWt, and Raleigh. The 
reported richness of the New World tempted 
many to try their fortunes there, and though 
the English had some terrible repulses, as at 
Roanoke Island, they were able, after the 
defeat of the Spanish Armada, to lay the founda- 
tions of successful colonies. 

The Colonisation of Virginia. After 
Raleigh’s fall in England his charter was given 
to the Virginia Company, called after the English 
possessions in America, which had been named 
after the virgin Queen Elizabeth. One of the 
divisions of this company had made an unsuccess- 
ful voyage to tlxeir territory of Virginia. The 
other division then fitted out three ships, the 
(iood Speed, the Discovery, and the Susan 
Constant, under the authority of the new charter, 
which, among other conditions, included one 
stipulating for the supremacy of the Church and 
King of England. 

The only men of noUi in this expedition were 
the commander, Christopher Newport, and 
Captain John Smith, who had led a most 
adventurous life, lighting as a soldier of fortune 
all over Europe. He had ixrcviously escaped 
from Constantinople after having been sold as 
a slave. He did much towards founding James- 
town, and at this lime the romantic incident 
ocourred of his capture by Indians, who were 
about to kill him. His life, however, was begged 
by Pocahontas, the daughter of their chief, 
who granted her request and set Smith at 
liberty. Years after Pocahontas was captured 
by the English, married an Englishman, and 
came to England. 

The Beginning of the Slave Trade. 

The colony of Virginia did not flourish, and was 
only saved by the arrival of provisions from 
England. Sir John Dale, the governor, did 
much for the improvement of the colony by 
strict legislation. Its chief industry was tobacco, 
for which there was a growing demand in Europe, 
and for this cheap labour was so much wanted 
that in IBID a Dutch ship sold twenty negroes 
to the settlers, thus laying the foundation of 
the Slave Trade. Felons from England were also 
shipped to America as slaves, and the kid- 
napping of pt^ople for the plantations became 
quite common. The colony of Jamestown 
increased, until there were eleven settlements 
or boroughs, from each of which two represen- 
tatives were chosen, who met in the first re- 
presentative assembly in America, called 
House of Burgesses, on July 30th, 1000. 
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English Government pressed very heavily on 
the colony of Jamestown, depriving them of 
their legitimate liberties, until in the reign of 
Charles II. they depos^ their governor, Sir 
John Harvey, who was much disliked, and 
the King was compelled to give way. 

The Formation of American States. 
Up to this time education had been rather at 
a standstill in the colony, but in time printing- 
presses were introduced, and in 1692 the William 
and Mary College was founded largely for the 
purpose of providing cler^ of the Established 
Church, which was the religion of the colonists. 
Some seventy years before this the colony of 
New England had been foimded by the Puritans, 
who came over in the Mayflower and other 
ships. In spite of incredible hardships this 
colony had flourished from the beginning, and 
other colonists joined them and spread further 
afield. Boston began to crown its Triple Hill, 
and Salem and other towns came into existence. 
The New World increased rapidly, and the land 
was partitioned into divisions like English 
counties. The people of Massachusetts erected 
Harvard College, named after its founder. 
When Charles I. attempted to interfere with the 
liberties of the colonists, Boston armed itself 
strongly, and a similar attempt of James II. 
failed. The colonists had also to be ever on 
the watch against the Indians, with whom they 
were constantly at war. 

The various States gradually took the names 
by which they are now known: Massachusetts, 
New Hampshire, Connecticut, Maine, Vermont, 
Rhode Island, were all a part of the union of 
the old thirteen. The Dutch had colonised 
Manhattan Island and called theii’ town there 
New Amsterdam, but the Engli.sh wrested this 
from them and after some vicissitudes the town 
was called New York, after James Duke of 
York. Pennsylvania, founded by William Penn 
in the reign of Charles IJ. in the south, Mary- 
land, North and South Carolina, founded within 
a few years of each other, were soon in a pros- 
perous condition. For the next hundred years 
or so the colonists had to contend against the 
ceaseless hostility of the Indians, encouraged 
and often commanded by the French. The 
French did their utmost to encroach on the 
English possessions, and it was as an envoy to 
them that George Washington, then only twenty- 
three, is first mentioned in history. 

French Interference. Hostilities now 
began between the E^lish and French, beginning 
disastrously for the j^glish, who were defeated 
with great loss under General Braddock, a 
brave, rash officer who was killed in the fight. 
But fortune changed, and under Washington 
the English suooeeded. Several minor victories 



MISTOIIV 


followed his first success, and the heaviest blow to 
the French was the capture of Quebec by General 
Wolfe, after a fierce fight in which Wolfe and 
Montcalm^ the French commander, were both 
killed. TLis victory had the advantage also of 
discouraging the Indians in a deeply-laid scheme 
for the overthrow of the English, and, though 
there was war for about two years between the 
English and the Indians, it ended in the defeat 
of the red men by the white, and for a while 
there was peace. 

But this peace was soon broken by the war 
with the mother country that w'as to make 
America a nation, and one of the greatest 
powers of the world. The English Government 
was very unfortunate in its treatment of the 
American colonics. Its chief knowledge of 
colonial affairs was derived from the governors, 
who were English and generally at variance 
with the people they governed. Thus the 
English had for the most part an erroneous 
impression of the colonists, and encouraged 
the Government in foolish ac^ts of interference 
with popular rights which destroyed all 
sympathy between the colonists and the mother 
country. 

The Effect of the Stamp Act. The 

Government, under George Grenville, determin- 
ing to stop the wholesale smuggling carried on 
by the Americans, made itself much disliked 
by the colonists. It also determined to plac(‘ 
garrisons all over the States, for the support of 
which it was proposed to tax the colonists by 
means of the Stamp Act, which provided that 
all legal documents should lx* written or printed 
on stamped paper to be sold by the Government . 
This act was so unpopular with the Amoricans 
that after innumerable appeals to the English 
(government, which passed unheeded, in 17 (m 
they called a congress at New^ York, at which 
Massachusetts, South Carolina, Pennsylvania. 
Rhode Island, Connecticut, Delaware, Maryland, 
New Jersey, and New York were represented. 
This congress drew ui) resolutions setting forth 
the rights and grievances of the colonists. 

But the Ministry in England had now changed, 
and the Stamp Act was repealed by the new 
Government. Unfortunately, however, England 
hod not abandoned the attempt to tax the 
colonies, and it was decided that a revenue 
must be had out of America. The proposal to 
garrison the States also caused much friction, 
and the Legislature of New York refused to 
execute the Act by which the King’s troops 
were to be garrisoned on them. Parliament there- 
fore passed an Act restraining the New York 
Legislature from making any Jaw until it had 
given way on this point. The Americans were 
firm, and, finding their appeal useless, determined 
to import no more English goods. 

The Colonista and the Government. 
Great indignation was displayed over the seizure 
of an American sloop supposed to be contraband, 
and the English governor had to call out the 
militaxy. The Government was alarmed at the 
firmness of the colonists, and it w^as proposed 
to repeal all the taxes except the one on tea. 
This, however, did not placate them, and tui 


unfortunate fracas between some Bostonians 
^d English soldiers, in which several Boston- 
ians were killed, added to the estrangement of 
the two countries. The tax on tea was much 
resented by the colonists, and on the arrival 
in Boston Harbour of three shiploads of it, the 
Bostonians seized the cargo and threw it into 
the sea, an example which other towns soon 
followed. England was infuriated by this, and 
in 1774 it was decided to close the port of 
Boston to ail commerce, and to deprive Massa- 
chusetts of many of its liberties, these measures 
being enforced by aid of the military. The 
Americans, determined not to give way, called 
a congress, at which all the States save one 
were represented. The Declaration of Rights 
was drawn up, protesting against this treatment. 

Burke and Chatham in England proposed 
various measures in favour of the Americans, 
but these were rejected by the House of Commons, 
urged on by the King, who imagined that the 
colonists could be bullied into compliance, and 
it became plain that war was inevitable. 

The War of Independence. The 
Americans fortified their towns, and drilled their 
men. Tlie English General Gage, wishing to 
seize the stores and disperse a body of Militia 
at Concord, endeavoured to take the place by 
surprise at night ; but a patriot, Paul Revere, 
got wind of the affair, and rode his famous 
ride, warning the colonists. So the English 
troops, under Colonel Smith, were themselves 
surprised, and forced tn retreat to Boston with 
severe loss. Thus began the American War 
of Independence. Soon after this the second 
Continental C/ongress was called. It decided on 
various measures, the most important being the 
appointment of George Washington as Com- 
mander -in-Chief of the colonial army. Not long 
after the forts of Ticonderoga and Cro\\Ti Point, 
in which wen) a large supply of stores and arms, 
surrendered to a party of patriotic adventurers ; 
but troojjs under Generals Howe, Clint<on, and 
Burgoyne now began to pour in from England, 
and the next engagement was not successful for 
the colonials. The Americans were eager to 
occupy Charlestown, and to this end it was 
determined to occupy Bunker’s Hill — a height at 
the back of the suburb. 

BunKer’s Hill. One night a party of men 
crept out, and, in spite of the nearness of the 
British forces, reached the height, and erected 
fortifications ; but in the morning they were 
discovered by the British, who attacked them, 
and after a terrible struggle, drove them from 
the position. Washington now took command of 
the colonial forces, and compelled the British 
under Howe to evacuate Boston. The English 
army sailed away in its fleet, and Washington, 
with Nathaniel Greene, David Morgan, John 
Stark, Jolin Sullivan, Israel Putnam, and Henry 
Knox under him, marched to New York, where 
he believed the English had gone. 

The Americans now determined to attack 
Canada. An army was sent there, which, after 
some success, was defeated in the attempt to 
take Quebec, and had to leave Canada ; but the 
English were repulsed when they tried to take 
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Charlestown, and this success brought many 
waverers to the side of the colonists. In 1776, 
a committee of five members of Congress — 
Jefferson, Franklin, Adams, Sherman, and 
Livingstone — drew up a Declaration of Inde- 
pendence. This was discussed by Congress in 
the first days of July, and on the Fourth it was, 
with some slight changes, agreed upon and 
signed by the members of Congress. The nows 
was received with joy by the people. The declara- 
tion announced that the United Colonies were 
free and independent States, and ivere absolved 
from all political allegiance to, and connection 
with, Great Britain. 

The Sympathy of the French, 

Washington, who was at New York, had to 
contend against many difficulties. The city was 
largely loyal, but the army, weakened by disease, 
grew disheartened. In August they were attacked 
and defeated by the English, ana in September 
Washington retired to New Jersey ; and New 
York fell into the hands of the English. Wash- 
ington’s men began to leave him, and he sent in 
vain for help to other American commanders. 
He persevered, however, and when the Congress 
gave him almost unlimited power with regard 
t-o raising troops, things began to look brighter. 
The English gave a free pardon to all who would 
desert the American cause, and many availed 
themselves of it. But before the end of the year 
Washington w'as able to clear the Jerseys and 
force the English to retire to New' York. 

The Americans now decided to appeal for help 
to France, and Franklin, Arthur Lee, and Silas 
Deane were appointed Commissioners to plead 
the cause with the French King. Though they 
were at first unsuccessful, they were joined by 
the young Marquis de la Fayette^, whose example 
was followed by such a number of men that 
France subsequently formed an alliance with 
the Americans, and in 1778 formally recognised 
the United States. Great assistance was given 
to the American cause by Paul Jones, the Scotch 
sailor, a captain in the United States Navy, who 
became the terror of the English coast, which he 
ravaged unmercifully. His most famous fight 
w'os that with two English warships off Flam- 
borough Head, where, after a most bloody fight, 
the English ships surrendered. 

The French Alliance. Meanwhile, in 
America the colonists were sustaining many 
defeats. Washington was defeated at the battle 
of Branf^wine, and Philadelphia was occupied 
by the English, who also captured Redbank, 
thus opening the Delaware to their fleet. In 
the north Burgoyne had allied himself with 
the Indians, thereby deepening the hatred 
between the Colonials and the British. He 
had taken Ticonderoga, but, after many de- 
feats, hod to retire to Saratoga, where he was 
surrounded by the Americans and compelled to 
surrender on the condition that he and his army 
should return to England and not again serve 
against the Americans. The French now made a 
treaty of commerce and alliance with the Ameri- 
cans which was virtually a declaration of war on 


England. The English Government made tome 
effort at peace, but the war continued. ; It was at 
this time that Benedict Arnold was discovered to 
be a traitor. Having been somewhat badly treated 
by Congress he entered into a treasonable corre- 
spondence with Clinton, the English commander. 
Arnold, who was commander of West Point, 
agreed to surrender this fortress to the 
English, the loss of which would, he hoped, 
so paralyse the Colonials that their cause would 
be lost, and the hated Congress overthrown. 
Major-General John Andr6 of the English Army 
visited Arnold within the American lines to 
arrange particulars, and, falling into American 
liands when departing to rejoin the English 
forces, incriminating papers in Arnold’s writing 
were found on his person. He was tried as a 
spy and hanged, while Arnold escaped to an 
English ship. 

The End of the War. The war con- 
tinued with varpng success for two years. 
Finally, Lord Cornwallis, the English commander, 
having shut himself up in YorktoMTi, Virginia, 
.was there besieged by Washington, the sea being 
held by the French fleet. Famine compelled him 
to surrender on the terms that he should hand 
over his troops as prisoners of war to Congress, 
and his naval force to the French. This was the 
end of the w ar. Peace negotiations were opened 
in Paris, conducted by IVanklin, Jay, Adams, 
and Laurens, on behalf of America. A treaty 
was concluded by the provisions of which the 
United States extended from the Atlantic coast 
to the Mississippi, and Florida was restored to 
Spain, which also retained Louisiana. Thus 
ended the nine years’ war which brought into 
existence a new English speaking nation. 

The next six years proved extremely critical for 
the United States. Though they were free, they 
still had great difficulties to contend against. 
Their trade was crippled, they were heavily in 
debt, they were tom by internal dissensions, and 
they seemed to be leaderless. 

The First American President. But 
the now country was determined to overcome 
these difficulties, and in 1787 a great convention 
was held in Philadelphia, to which all the States 
except New Hami>8nire and Rhode Island sent 
delegates, among them Washington, Franklin, 
James Madison, Elridge Gerry, Francis Dana, 
and Alexander Hamilton. After much dis- 
cussion, the convention succeeded in producing 
the Constitution under which, roughly speaking, 
America still lives. It was based on the legis- 
lative power of a Congress, consisting of a 
Senate and a House of Representatives, a new 
President to be chosen every four years. Wash- 
ington wa& chosen as first President, and took 
the oath in New York on April 30th, 1789. In 
April, 1790, Franklin died, universally mourned. 
Washington, who w^as twice elected President, 
had great difficulties to combat, and made many 
enemi^ during his term of office, in spite of his 
untiring efforts towards the good of the country. 
At the expiration of his second Presidency ho 
retired from public life, and died two years after. 
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IN this article there is outlined the production 
* of the precious metals in the conditions in 
which they are used in coinage and the industries, 
with their application therein, and the occurrence, 
properties, and uses of the precious stones which, 
in the artistic craft of jewellery, are associated 
with the precious metals. The methods of extract- 
ing, and the properties of the importiint precious 
metals, gold, silver, and platinum, have beii dealt 
with in various preceding groups, particularly in 
Mining [pages 2375, 2380, 2065, 2959, 3769. and 
3835], Materials and Structures [page 1390], 
Metals [page 4303], and in Chemistry [pages 1447 
and 1448]. 

Occurrence. The ores of gold differ con- 
spicuously from those of all other metals in the 
extremely small proportion of the metal sought (o 
the amount of valueless material, or “ ganguc.*’ 
accompanying it. Practically all gold deposits now 
worked contain not more than from one part of gold 
in from 70,000 to 100,000 parts. Gold is found in 
the metallic or native stale (generally alloyed with 
other metals), and in combination with tellurium. 

Native gold usually contains silver, and some- 
times cop])or. iron, bismuth, platinum, palladium, 
or rhodium. Silver occurs, Iwth free (mixed with 
gold, mercury, or copper) and in combinations 
which differ so considerably that the metallurgy of 
the metal is very complex. Silver is also a valuable 
constituent of galena, zinc-blende, most of the 
pyrites, and of some copper ores, though the per- 
cent-age is very small (up to 1 per cent, compared 
with from 00 per cent, to 87 "per cent, in the case 
of the ores). 

Extraction Processes. Gold may be 
extracted from its ores either by simple washing 
(in the case of native gold) or by metallurgical 
processes, when it is amalgamated with mercury, 
or alloyed with lead, silver, or copper, or is brought 
into solution. The metal is obtained from mercury 
alloys by distillation ; from lead or lend -silver 
alloys by cupellation ; from silver or silver-copper 
alloys by solution in acid ; and from weak cyanide 
or chloride solutions by precipitation with ferrous 
sulphate, charcoal, or zinc, or by electrolysis. 

The Siemens-Halske electrolytic method is now 
largely employed. The double cyanide solution is 
electrolysctt in iron tanks between lead cathodes 
and iron anodes, and the geld recovered from the 
cathodes by cupellation. 

Silver is obtained from its ores by amalgamation, 
by the formation of a lead alloy, or by solution 
processes [see page 4303]. 

Amalgamation. Amalgamation, the combina- 
tion of gold or silver with mercury, is the cheapest, 
simplest and most generally us^ method of ex- 
tracting these metals. It is the basis of hydraulic 
ffold mining [see page 2959], and of the stain p- 
Dattery process [see pages 3770 and 4303]. In 
Mexico the old processes of crushing and amalga- 
mating gold and silver ores in arraatrae (revolving 
stamp-mills driven by mules) and heaps {patio 
process) are still carried on. The processes are 
lengthy and wasteful of mercury, but they extract 
a greater percentage of metal than any other known 


method. Electricity has displaced mules in at 
least one Mexican mill. 

In stamp-battery amalgamation the amalgam 
settles in the comers of the mortars, or on am^ga- 
mated copper plates on the inner sides of the 
mortar. The pulp escaping from the mill is made 
to flow over amalgamated copper plates to catch 
any free gold or amalgam passing over. 

The amalgam is removed from the plates by 
means of blunt knives followed by scraping with 
pieces of hard rubber. 

Purification and Filtration. The 

amalgam removed from the outside plates in a 
battery is usually clean and stiff enough to bo 
retorted without any further treatment, Bui 
gold amalgam obtained from the inside of the 
mortar, and from the treatment of concentrates, 
etc., frequently contains sand, pyrites, and other 
imimrities, from which it must be cleansed, while 
the gold amalgam produced in hydraulic operations, 
and all silver amalgams, contain excess of mercury. 

In small mills the cleansing is done by hand- 
grinding the amalgam in a mortar with water until 
it is reduced to a thin liquid, a scum being obtained, 
which is skimmed off and reground with more 
mercury. In largo mills mechanical clean-up pans 
are used. The iGiox and Berdan pans are the two 
commonly used pans. The Knox [page 4304] is 
similar to the silver amalgamating pan, and acts 
on the principle of agitating the dirty amalgam 
with water, so that the impurities form a scum on 
the surface. In the Berdan pan, the pan, inclined 
at an angle, itself revolves, and impurities arc 
washed over the lower edge by a jot of water, 
grinding being effected by a freely moving ball. 

Excess of mercury is separated from the amalgam 
by filtration through a conical canvas or chamois 
leather filter- bag [i], supported on an iron stand, 
and holding about 12 cwt. of amalgam. The 
weight of the amalgam is sufficient to force the 
greater portion of the mercury through the bag. 
If, as is sometimes done, air pressure is applied, 
more mercury is expressed, but it is richer in gold 
or silver. Hand-squeezing of the filter-bag by 
twisting it in water contained in a mercury pan 
is still considerably employed. 

The solid omalgam removed from the filters 
may contain from 20 per cent, to 22 ix»r cent, of 
silver, or about 40 per cent, of gold, in the case of 
single metal amalgams, and from :f0 per cent, to 
45 j^er cent, of gold and silver, whore, as is usual, 
both metals are present. 

Retorting* Gold and silver are recoveretl 
from the amalgam by distillation. Two kinds of 
retort are used for this purpose— the pot-shaped 
[2], much used in America, and the horizontal 
cylinder [81. The pasty amalgam is kneaded into 
balls or cakes. In the horizontal retort the balls 
of amalgam are sej)arated by iron divisions or by 
tlie ash of sheets of notepaper. 

Adherence of gold or silver to the sides of the 
retort is prevented by a layer of chalk or whiting, 
or by the ash of sheets of paper. The merely is 
condensed in the usual manner by water-cooled 
tubes. The metal obtained is spongy and porous. 




MBTALe 


and varies from 600 to 950 fine in gold, the remainder 
being silver and the base metals. It is melted doMii 
with fluxes, cost into bars, and then becomes 
'* bullion ready to be refined. This is usually 
the termination of the mine works opei^ations, and 
the bullion is sold to refiners for further treatment. 

Preliminary Refining. Gold and silver 
alloy in all proportions so that practically all 
bullion contains both, and refining operations are 
conducted with a view to their ultimate separation, 
which is effected by “ parting.” 

Base metals and otner impui’ities are ])artly 
removed by a rough refining process at a 
])re]iminaiy melting of the bullion, but the extent 
of it is limited by the fact that the molten oxides 
formed ra))idly corrode the crucibles. The cruci- 
bles used are of clay or graphite. The crucible is 
first raiscKi to u red heat, a spoonful or two of 
borax is thrown in as a flux, and the bullion is then fed 
in by means of a hand shoot. If the bullion is of 
high purity only a very little sodium carbonate or 
nitre is added and the resulting slag is poui*ed off 
with the metal. 

But if it Ik? base, partial refinement is effected 
l)y tidding more borax and nitre, and also bone ash 
to alisorb the oxides formed. If much lead is 
present, sal ammoniac is added at intervals alternate 
with nitre. Antimony or arsenic arc removed as 
iron salts by stirring with an iron bar, and using but 
little nitre. 

One hundred years ago it was proved that when 
bismuth, lead, antimony, or arsenic are present 
in gold in proportions as small as the gold 

is brittle and unfit for coinage. The further treat- 
ment thus sometimes necessary is called toughen- 
ing, and is effected by converting the contaminants 
into their volatile chlorides, either by sprinkling 
ammonium and mercuric chlorides on the melt, 
or by forcing chlorine gas through it (^filler’s 
process). The Mint chemist recommends the use 
of oxygen for toughening. 

The <!hnrge is then rendered homogeneous by 
stirring with a red-hot annealed grajdiite bar. 

In the bottom of the ingot mould is jjlaced a little 
non-voIatile oil, which burns on the top of the gold 
and prevents tarnishing. 

Electrolytic Refining. In electrolytic 
lefining of copjier and silver by the appropriate 
processes practically all the silver and gold, or the 
gold alone, are left in the anode slime, from which 
they are readily recovered. Gold, however, cannot 
Ik? electrically separated from a cyanide solution 
containing silver, copi)er, etc., because these metals 
are co-deposited therefrom ; but an electrolytic 
method devised by Wohlwill has been successfully 
used in Germany. The electrolyte is a hot acid 
solution of gold chloride, and a smooth deposit of 
gold, assaying over 99*9 per cent, pure, is obtained. 
All the foreign metals of the anode pass into solution, 
except those of the iridium group, which remain 
unattacked, and silver, which forms its chloride ; 
l^latinum and palladium accumulate in the bath, 
lK>ing removed at long intervals by precipitation. 
The ]^roces8 is thus particularly appropriate to gold 
alloys of platinum. 

Silver, over 99*9 per cent, pure, is electrolytically 
obtained by Moebius’s process from cast crude 
anodes of dor6 silver in a half per cent, bath of 
silver nitrate made slightly acid. The cathode is 
an endless revolving band of thin rolled silver 
iqx)n which the metal is deposited in a pulverent 
and non-coherent condition, and automatically^ 
removed by contact at one end with a movmgPP 
belt. The gold is i*ecovcred from the anode slime. 
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Refining by Cupellatien. As explained 
above, the rough refining operations included 
in the melting of the metal before casting are 
limited in extent, and bullion containing considerable 
quantities of contaminating metallic oxides must 
be treated to “ cupellation,” a process of gi*eat 
antiquity, by means of which pure gold or, more 
frequently, a pure alloy of silver and gold, is ob- 
tained. It is also the principal refining operation 
applied to the product of the lead-alloying gold 
or silver extraction i)rocess. Its principle consists 
in the fact that molten lead monoxide (litharge) 
dissolves any metallic oxide which maybe in contact 
with it. The separation of the litharge solution of 
oxides, thus obtained, from the pure noble metals 
which do not oxidise is effected by taking advantage 
of the property of bone ash of absorbing molten 
litharge, including its solutes, while remaining 
imx>ermeable to the unoxidise<l metals. In practice 
this is achieved by making a shallow vessel of com- 
jiresscd bone ash, called a “cupel,” from well-burnt, 
sifted ashes of sheep or horse bones mixed with a 
small proportion of fern or j^earl ashes, and mois- 
tened sufficiently to bind on prcssui’C. An oval 
vessel [4] of from 4 ft. to 5 ft. lon^, and 21 ft. to 3 ft. 
wide, w'ith a depth of al)out 2J in., may be used in 
large o|K‘rations, with walls of from 2 in. to 3 in. thi k, 
one end being made 12 in. or 13 in. thick. Frequently 
the bed of a reverberatory furnace itself is used, a 
laycT of bone ash, or, more frequently in large 
w’orks, a mixture of crushed limestone and clay, 
lieing jilaced thereon. The cupel is placed in a 
reverberatory furnace, and, when red-hot, molten 
bullion and load are ladled in. The ciqiel soon 
becomes saturated with the litharge oxide solu- 
tion which flows to the side, and an air-blast 
is then turned on to force the litharge towards 
the thickened end of the cupel, across the surface 
of which a channel is cut. The litharge runs over 
into an iron pot, more molten lead or lead alloy 
lK?ing added as litharge is removed. In this wny six 
or more tons of lead alloy may be refined in one 
ciq>el. Only traces of the precious rnetal arc carried 
into the bone ash by the litharge. 

Although gold is not accounted volatile, volatilisa- 
tion losses in cupellation may amount to 0*5 x>er cent. 
They are diminished by the jiresence of silver, and 
increased by copper. " The cupels used are re- 
powdered and gold and silver recovered. 

Parting. The final operation of separating 
the silver and gold is known as “ parting.” The old 
jirocess of parting with nitric acid was known as 
“ quartation ” or “ inquartation,” because the alloy 
refined was made uj) to 3 parts of silver and 1 of gold. 
It is still the process used in assaying and is described 
in that connection ; but it is not otherwise used on 
account of the cost of the acid. 

Suljihuric acid is now generally employed in 
large refining operations. Copper and silver are 
converted into their sulphates by hot concen- 
trated sulphuric acid, while gold is unattacked. 
In this process the gold (and copper, if any) 
present must not exceed one-fifth of tne total alloy ; 
80 to 96 per cent, of silver being required, and 
these proportions are made up, if necessary, by 
adding silver before cupellation or melting. 

The’ alloy is granulated and boiled with con- 
centrated sulphuric acid in a platinum, white pig- 
iron [6], or clay-coated porcelain vessel. Wnev 
action ceases, a little weaker acid is added and; ihe 
alloy again boiled. The liquid containing sulpiiates 
is then decanted off, and the gold (which may again 
be treated with acid) washed, melted, and oast into 
ingots. The gold thus obtain^ is 997 to 998 fine. 
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The Aokl sulphates liquor is poured 
into a leaden vat containing water 
and copper turning, and heated. 
Cupric Bulphate is formed, and the 
precipitated silver is collected, re- 
peat^ly washed, and cast into ingots. 
The safe of the by-products (copper 
sulphate and acid) more than covers 
the cost of the cojyer used. At San 
Francisco green vitriol (ferrous sul- 
phate) is used for reducing the silver 
sulphate. It is also r^uced by 
means of sheet copper. 

The process of parting gold and 
silver by converting the latter into 
its chloride, suggested by F. B. 
Miller and largely employed in the 
Australian mints, is referred to above. 
The bullion refined by this method 
contains originally from 3|>er cent, to 
1 2 per cent, of silver ; after refining 
it is 994 fine. Australian gold is 
more or less brittle and the process is 
valuable for its totighening effects, as 
well as for its applicability to alloys 
containing but a small projMjrtion of 
silver. 

Platinum. Platinum is a lus- 
troiiB, greyish -white, malleable, duc- 
tile metal, which is neither attacked 
by air nor acted upon by acids 
(except aqua regia). It therefore lias 
claims to be included as a noble 
metal, and as its market value (about 
£7' 15s. per oz.) is higher than that of 
gold, it is also a precious metal. At 
a red heat it may be welded, but 
cannot be melted by a tcm|ierature 
less than that of the oxyhydrogen 
flame. It is oxidised by fused caustic 
alkalies, and is also attacked at high 
temperature by cyanides. Platinum 
and iridium were not known in 



ancient times. Platinum is extensively REFINING AND assaying apparatus 

used in high -class jewellery. Gold and i. Amalgam filtering bag 2. American amalgam retort 3. Amalgam retort 
other platinum alloys are used in condenser 4. Refinery cupel 6. Iron parting vessel 6. Uueking plate 
dnnfinfpv 7. Seorifier 8. Assayer’s culwl 9. Mint assay cui>^b. 10, Mint assay furnace 

m^nanicai at nw wy. 1 1. Prciiaration of gold-silver button for parting. 12. Assay iHirtingfiosks 

Platinum ore contains what are 


known as the platinum metals — nitheniiim, osmium, 
rhodium, iridium, palladium and platinum — in the 
metallic state. The most important sources are the 
western slopes of the Urals and the Altai Moun- 
tains. It is also found in alluvial deposits and 
sands, chiefly in Brazil. Borneo, Fraser River (B.C.), 
California, and Australia. It consists of from (50 
per cent, to 80 per cent, of platinum. Osmiridium, 
a 30 jicr cent, to 40 per cent, osmium alloy, which 
is frequently found with it, is referred to below. 

Platinum is separated from osmiridium by diges- 
tion with aqua regia, and from this solution it is 
precipitated by adding sal ammoniac. The pre- 
cipitate is heated, treated with sal ammoniac 
to remove palladium and rhodium,’ and the resulting 
precipitate converted, by heating, into spongy 
platinum. 

Osmiridium, frequently present in Californian and 
Canadian gold, is usually not detected until after 
parting, when it is seen in bar gold as s]xx;ks or 
clots distributed through the metal. It is removed 
by re-fusing the gold, when it settles and forms what 
is known as a bottom,” which is cut off and 
repeatedly re-melted with silver. The bottoms are 
rut off each time, gold being replaced by the silver. 
It is finally separated by parting with aqua regia. 


when it is obtained as a black powder, which is sold 
for fountain-pen points at from 88. to 20s. per oz. 

Assaying* The assay of the ores and bullion 
of gold is conducted in the dry way, but silver 
bullion is also assayed in the wet way. The same 
dry methods apply to gold and to silver ores, 
since the metals arc very rarely found separate. 
The principle of the assay is very simple, out its 
details vary greatly with the nature of the ores. 

In the wet, or volumetric, process for silver 
assay the alloy is dissolved in nitric acid, and the 
silver estimate by the amount of a- standard solu- 
tion of common salt required completely to pre- 
cipitate the silver nitrate as chloride. 

Assaying weights are a law unto themselves. 
No scientific work is now done with the cumbrous 
English system of weights, but the custom still 
survives of expressing assay results in troy ounces 
per long English ton of 2,240 lb. avoirdupois, or 
short American ton of 2,000 lb. The metric system 
is rendered available by using a special weight 
called an “assay-ton” (A.T.) which bears to the 
ton the same proportion as the milligramme does to 
the ounce troy, so that each milligramme found in a 
sample represents 1 oz. per ton of ore. For the long 
ton the A.T. equals 32,666 milligrammes. 
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Samplinie. The value of the sample of ore, or 
other materifiu taken for assay, must approach 
as nearly as possible the true average value of the 
whole of the mine or material report^ on. However 
great the accuracy of the assay, the result may lie 
entirely negatived by careless or false sampling. 

Sampling gold ores is a particularly delicate 
matter. In a 6nely-powdered ore containing 6 dwt. 
to the ton (a frequent proportion) a 1 milligramme 
partiticle of gold, about equal to the size of a full- 
stop, would possibly be accompanied by 160,000 
similar sized particles of other suDstanccs. To get a 
correct sample of reasonable size of such a powder 
as this it is necessary to powder the ore more finely. 

A true average sample is obtained in practice by 
automatic means. Sampling machines act either 
on the principle of continuously diverting a portion 
of a falling stream of liroken ore or by diverting 
the entire ore stream at 1 ‘egular intervals. 

By this means a ton sample of ore, broken to the 
size of coffee-beans, will be reduced to about 20 lb., 
and is then ready for further treatment in the 
assayer’s office. There it is reduced in an iron mortar 
and a bucking-plate f6] till it will pass through a 
sieve with 80 meshes to the inch. Then it is well 
mixed and spread in a heap, which is carefully dividcMl 
into quarters, one quarter being taken and again 
quartered until a samyde of the required weight is 
obtained. If “ metalliea ” — that is, yiieces of gold of 
ayiprcciablo size — occur in the sample, they must 
bo concentrated in a small portion by sifting, and 
assayed separately. 

Bullion is samiiled by diyiyiing from the melt, by 
drilling holes in ingots and taking the turnings, or by 
removing yiieces from oyqiosite ends of the ingots. 

Crucible and Scorification Aaaaya. 

Fusion of the ore sample in the clay crucible with 
from onoo to twice its weight of a flux containing, 
typically, litharge, sodium bicarbonate, borax, anti 
liour is adoyitcd for ores of low gold value and for 
certain silver ores. The mixture is heated in a 
muffle or crucible-furnace until the charge is yier- 
feotly liquid, when it is yioured into a mould. The 
slag containing the impurities is removed from the 
resulting lead button in which the silver and gold are 
coneentratt^d, and the button is ciqielled. 

iSeorification — that is, the conversion of silica and 
other gangno constituents into scoria — differs from 
cii|iellatiou only in the fact that the litharge pro- 
duced is not absorbed by the vessel in which the 
operation is conducted, but forms a glassy slag. 
Tlio seorifier [7] is a shallow dish of burned clay 
in which the ore sample, mixed with granulated lead 
and a little borax, is heated in a closed muffle 
furnace. When the lead is oxidised it dissolves the 
non-mctallic and oxidisable constituents, flowing 
to the side of the seorifier ns a slag, while the gold 
and silver alloy with n part of the lead which 
remains in metallic state. A glassy, brittle slag is 
obtained, which separates cleanly from the lead 
button, leaving it ready for cuyiellation. 

Bullion AMay. Tf the comywsition of the 
alloy is entirely unknown, a preliminary assay is 
mane to ascertain approximately the proyiortion of 
gold and silver, since (1) iinon them deyiends the 
amount of lead used in ciqiellation, and (2) the final 
“ parting ” demands a definite ratio of silver with 
gold. Experienced assayers determine these 
quantities from the colour of a cuyielled samyilo 
bead or of a streak upon the touchstone (Lydian 
stone, n silicified wood). The sample taken is 
flattened, adjusted to an exact weight by filing, 
and then weighed with groat accuracy on a very 
delicate balance. It is then wrnpyied in the 
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required amount of lead foil (eight times for 
standard gold), with silver equal to twice the weight 
of gold jiresent. This proportion was first used in 
1627, and was reverted to in 1905 by the Royal 
Mint after 50 years’ disuse. 

Cupellation and Parting. The principles 
of cupellation have already been explained. The 
cupel [8] used in ore assays is about 1 in. in diameter 
by I in. high. At the Mint a special form [9] is 
used, BO that 72 assays may be cupelled at one time. 
Eighteen square l^ne-ash blocks — for example, 
with four cupel hollows — are used, fitting into a 
special mufflie furnace [10] with a floor space of 
6 in. by 12 in. 

At the completion of nqiellation, when the alloy 
bead is uncovered a sudden brightening of the bead 
is noticed at the moment of solidification, called 
“ flashing ” (due to the release of the latent heat 
of fusing). This is useful not only as a help in finding 
a minute bead, but also lx^cauae it affords a means 
of ascertaining whether iridium, osmium, rhodium, 
or ruthenium are present, since these troublesome 
metals entirely prevent the phenomenon. In the 
cose of pure silver this is the last of the ojierations, 
luid the button can be directly weighed. 

At the Mint the button [11 A] of silver and gold 
is flattened by hammering fllB], annealed, and 
passed through laminating rolls until it is the 
thickness of a visiting card [IIC]. It is again 
annealed, and rolled into a spiral [IID] called a 
“ cornet.” These arc matters of some skill, for small 
particles may easily be lost by cracks or rouglmess 
of the comets. The comets are first boiled with jiure 
strong nitric acid [S.G.- 1*2] in glass parting vessels 
[12]. At the Mint there are used platinum trays, 
on each of which 144 platinum cups containing 
comets are placed, the whole being lowered into a 
platinum boiling vessel containing the acid at 90° C. 
The comets are next washed with distilled water, and 
again boiled with stronger acid, repeatedly washed, 
dried, annealed, and carefully weighed. 

Check assays are always made on pure gold to 
supply the correction necessary for the losses by 
volatilisation, cupellation, and acid solution. The 
gold finally obtained contains from 0*06 to 0*1 per 
cent, of silver. Mint weighings are now reported 
correct within 0*05 in 1,000, 

Coinage. At an early stage in the liistory of 
civilisation it became necessary to have a definite 
medium of exchange. Metals, from their durability 
and jiortability, were very early in use, and gold and 
silver came naturally to be chosen from their in- 
trinsic value. Reasons for the choice of gold, which 
partly apply to silver, are that it is too widesjiread 
to be liabio to “ cornering,” as precious stones might 
lie ; that it is unalterable by time or ordinary 
chemical agents; that, wherever found, it is the 
same substance (unlike stones, which have faults 
not easily detected); that its value is the same 
whatever the size of particular pieces (the carat of 
diamond increases in value with tne size of the stone) ; 
and, finally, though soft, it is readily made hard- 
wearing. Frimitive payments wore by weight, and 
this custom survives in om* “ iKumd,” which was 
first a poimd avoirdmxiis of sterling silver, while the 
jienny was the weight in copper which we call a 
fiennywcight. 

Coinage has always been a regal privilege and 
mints datfc from the Anglo-Saxon period. In former 
times coining was carried out by contract with the 
Master of the Mint, but the heaa of the department 
on Tower Hill is now the Chancellor of the Ex- 
^cquer, a deputy master being the permanent 
Rffleial. 
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Branch rainta are establinlied at Sydney, Mel- 
bourne, Perth, C/alcutta, Bombay, and Ottawa, to 
supply their respective countries. Great Britain 
and the rest of the Colonies are supplied from the 
English Mint. The coins now struck are : 

Gold : £6, £2, £1, 10s. 

Silver : 5s., 28. 0d., 28., Is., 6d., 3d. : and the 
Maundy money, 4d., 2d., Id. 

Bronze : Id,, Jd., Jd. 

The gold coins are pure gold and alloy 
by statute, and have been so uninterruptedly since 
the reign of Charles II. James I. debased the gold 
coinage to pure gold for revenue purposes. 

The silver is fine and alloy. The bronze is a 
mixed metal of copper, tin, and zinc. 

*• Trial ” and Remedy.’* When coins 
were made bv contract it was necessary to ascertain 
periodically that the contract conditions were kept. 
This was called the “ trial of the pyx,” and it is still 
maintained with but little chan^. Finished coins 
are delivered in “joinmey wei^ts,” the supposed 
daily manufactm'e when coining was a hand process 
— 15 lb. troy of gold (701 sovereigns), and 60 lb. troy 
of silver. SVom each of these deliveries one coin 
is taken and deposited in the pyx,” or chest, from 
which the annual trial derives its name. It is con- 
ducted in the presence of the King’s Remembrancer 
by a jury of freemen of the Goldsmiths’ Company, 
the coins being assayed against pieces cut from 
standard trial plates. 

Variation in weight and constitution of coins 
from the standard fixed by law is permitted on 
account of the impossibility at present of ensuring 
an exact admixture of metals. It is called the 
“ remedy,” and is permitted to the extent of 2 
and 1*6 parts per 1,000 for gold, and 4 and 4*17 for 
silver for fineness and weight respectively. Since 
a variation of 1 P^rt per 1 ,000 in the cose of gold 
means a gain or loss of about £100 in a million ster- 
ling — its importance will be realised. In gold coins, 
however, a greater deficit, or excess, of from 0*3 to 
0*4 per 1,000 is rarely met with. The legal stand- 
ard is 910*6 parts i>er 1,000. The limit of weight 
variation for bronze coins is 20 parts lyer 1 ,000. 

Light Coins. In the 1903 report of the Deputy 
Master of the Mint, Dr. Rose, the Mint chemist, 
stated that the average circulation life of the sove- 
reign is 27 years, and of the half-sovereign 17 years. 
The coin has then lost by wear so much weight and 
fineness that it is legally imcurrent. Since the 
nominal and real values of gold coins are the same, 
this represents a considerable loss to the holders. 
In 1873 it was estimated that the loss on light coins 
in circulation from deficiency in gold amounted 
to about £660,000. The withdrawal of light gold 
coinage has h^n effected at intervals by raising 
the ordinary Mint purchasing price for light gold 
from £3 17s. GJd., to the full statute Mint value of 
£3 17 b. lOjd. per oz. Since the passing of the 1891 
Coinage Act nearly £60,000,000 of light gold coins 
have been withdrawn by exchange at face value. In 
the case of silver these losses are covered by 
“ seignorage,” the difference between the real and 
nominal values of the coins. The yearly silver loss 
average for the decade 1896-1905, was over £35,000. 

Coining Oparationo. In the early days of 
hand coining, cast bars of metal were hammered 
down to the required thickness, and the coins v ere 
cut therefrom with shears, the device being 
impressed by means of a hammer blow on a die. 
Now, however, the greatest care is taken, not only 
in the production of pure and accurate discs of the 
metals, but in the fineness of the alloy of base and 
precious metals used. 


The Mint assay, melting and toughening operations 
for gold Mid silver have been described. The first 
operation now to be consideriKl is the rolling of the 
cast bars into strips or “ fillets.” The manufao^ 
turing details for gold, silver and bronze coinSi 
are not materially different, and the sovereign will 
be taken as the type. The bar of gold, J in. thick, 
is reduced by successive rollings (with frequent 
annealings to counteract the hardening effect) to the 
thickness of a sovereign. The accuracy of the 
thickness is tested by means of a gauge plate con- 
sisting of two steel bars set at a small angle grad- 
uated to of an inch. For half-sovereigns a 
variation of of on inch would more than account 
for the “remedy” allowed. The fillets are next 
tested by a “ tryer,” who cuts from them trial blanks, 
and by weighing on a delicate balance, classifies 
the fillets according to their weights. 

Blanks for coins are punched in double rows 
from the fillets by cutting machines acting on the 
principle of the ordinary paper-punch. Bronze 
coins are cut five at a stroke. Slightly larger cutters 
are used for those fillets which have been classified 
as light, and vice versa. The cut fillets, now known 
us srissel, equal from 25 to 30 per cent, of the 
original metal and are re-melted. So far it has not 
been found practicable to cut blanks from rods of 
metiil, though such a method would represent 
u considerable economy. 

In some mints the blank is adjusted to tlie re- 
(juired weight, but in l^ondon the finished coin alone 
is weighecT, and the blanks are next thickened 
at the edge by rolling for the protection of the 
impression on the coin. 

Coining and Automatic Weighing. 

The actual coining operation consists of placing the 
blank between two engraved dies in a press, the 
upper die being brought down upon it with con- 
siderable force. A collar surrounds the dies during 
the stamping to keep the blank in j^osition, and, 
by means oi cutting edges inside, to produce thc^ 
milled edge. The coin is then driven down a 
delivery shoot by the succeeding blank. Ninety 
coins a minute aie produced. 

The concluding operation is the automatic weigh- 
ing of each coin by a set of wonderful machines 
which infallibly distinguish l)etween *‘ light,” 
“ heavy,” and “ good ” coins. The coins are fed 
in through a hopper, and received singly on the plate 
of a balance b^m, one arm of which is weighted 
according to the coin tested. Rods raised by cams 
then release both ends of the l)cam and, if the coin 
is “ light,” the plato-end of the beam rises ; if it is 
“ heavy,” the weighted end rises ; if “ good ” the 
beam remains practically horizontal. These move- 
ments of the beam govern the action of levers that 
determine into which of three orifices a delivery 
shoot, free to move by being hung on pivots, 
shall deliver the tested coin. The mouth of the 
shoot is directly in front of the balance -pi ate, the 
coin being driven into it by the coin next behind it. 

Precious Stones. The beauty and durability 
of form and colour of precious stones, and wonder 
at their physical properties, have always caused 
them to rank with the highest objects of human 
desire since, their discovery in the East thousands 
of years ago. They arc the centre of a great volume 
of romance and tragedy, and have induced the worst 
of human passions and crimes as well as the highest 
artistic expression. Mythology and history are 
so intermingled that it is im|K)ssible here to deal 
historically with them. In many cases identity 
itself has been lost. The faiqpus Great Mogul has 
not been identified since 1739. It is said that the 
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“ Orloff,” the diamoud net in the Imperial Russian 
sceptre, is the Great Mogul re-cut, or even that 
the Koh-i-noor, the diamond presented to Queen 
Victoria, is a piece cleaved off it in re-cutting. 

Definition, Precious stones arc not easy ti> 
define, for their preciousness is in part dependent 
upon caprice, time and place. Some writers makt* 
three classes — “precious,” “semi-precious,” and 
“ common ” ; but this is not a stable classification. 
For practical purposes precious stones may b(» taken 
to bo those mineral stones (and an animal product, 
the pearl) which possess beauty, durability, and 
rarity, qualities which may be described res|>ectively 
as necessary, important, and desirable. 

Formation and Lrocatlon, Most of the 
minerals included imder our definition are crystal- 
line. Wherever crystals are foimd in Nature they 
must be the results of solidification from solution or 
fusion, and it is generally agreed that the hard gem- 
stones have crystallised from fusion under pressures 
compared with which the mightiest forces man can 
control are negligible. For theoretical considera- 
tions of this crystallisation process, reference 
should 1)0 made to the course on (^EOLonY. 

Precious stones are frequently and commonly 
found in association with the precious metals, 
but they are by no means confined to s|»€‘cial 
localities. They arc, however, most abundant in 
India, Burma, Ceylon, South Africa, Australia, 
Borneo, Siberia, and some of the Western American 
States. The most valuable stones arc found in the 
older geological rocks — granite, gneiss, porphyry, 
mica schist, and limestone, embedded in or pro- 
tiuding from their l)ed, which, in this case, is the 
“primitive” bod of the geologists. Many are 
found in “ derivative ” deposits — alluvial gravels 
and sands — having l)een washed from their beds 
by rains and rivers. 

Optical Properties. Gem stones are most 
conveniently investigated by means of their optical 
properties. The surface lustre of sfones may be 
metallic, adamantine (for instance, diamond), resi- 
nous (garnet), vitreous (emerald), w'axy (turquoise), 
pearly (moonstone), or silky (crocidolite). In most 
stones it is splendent, reflecting a sharp image, but 
the turquoise and one or two others are somewhat 
dull. To light, stones maybe transparent (diamond), 
translucent (o])aI), opalescent (moonstone), chato- 
yant (cai’s-eye), or opaque (agate). Stones of the 
” first water ” are those of the highest degree of 
transparency, with no trace of colour. 

Refraction [see Physics] varies with the species 
greatly, and affords important evidence of identity. 
The diamond, spinel, and garnet, belonging to the 
cubic system of crystals, are singly-refracting. 
Most precious stones doubly rofrac;t, and have 
accordingly two refrac^tive indices. These vary 
somewhat in the same stone, but the following 
abridged list of indices, calculated with sodium 
light and with air as unity, is fairly representative : 


Diamond .. 2*417 Tourmaline .. 1*642 

Zircon .. .. 1*960 Flint glass .. 1*619 

Precious garnet 1*810 Beryl . . 1*576 

Ruby .. .. 1*779 Roc?k crystal . . J*549 

Chrysoberyl .. 1*748 Crown glass .. 1*624 

Peridot .. 1*669 Water .. 1*336 

All doubly-refracting crystals, in virtue of this 
property, also polarise’ light transmitted tlirough 
them [see Light in the course Physios]. Those 
which also show that play of prismatic hues called 
fire (most evident in the singly-ref rooting 
diamond) do so because they also slightly disperse 
the colour rays composing white light. In this case 
the two images produced by the double refraction 
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ai'c of different colours, and the crystal is said to be 
dichroic or pleochroic. In the tourmaline and in 
iolito (a rare Ceylon stone) this dichroism is 
very conspicuous, but with most stones a dichroi- 
scope is needed to discern it. The dichroiscope 
consists essentially of a Nicol’s prism (Iceland spar), 
by which the light which is transmitted through a 
crystal is analysed, and its polarisation and 
dispersion render^ evident. 

Mechanical Properties. One of the 
oldest methods of identifying precious stones is by 
testing their hardness : but many valuable stones 
have been destroyed through a confusion between 
hardness and brittleness. The hardness of minerals 
is measured by an arbitrary scale devised by Mohs, 
the degrees being the respective liaidnoss of the 
following, in order from 10 to 1 : diamond, sapphire, 
topaz, quartz, felspar, apatite, or glass, fluorspar, 
(;al(‘ite, gypsum, and talc. Fragments of these 
minerals are used to determine, by scratching, the 
hardness of a stone. A hard steel knife is about 
6 degrees. The values of the degrees vary greatly. 
For instance, the difference between the degrees 
10 and 9 is much greater than between 9 and 8. 

The specific gravity of precious stones varies very 
considerably, and its determination is the most 
general method of discrimination. It is referred to 
below in this coimection. The heaviest stone is the 
zircon, the density of which varies, according to the 
colour variety, from 3*9S to 4*75. The lightest is 
yierhaps the opal, 2*20. 

Colours of Stones. Similar species of 
stones, practically identical in composition, present 
great varieties in colour. 'J’hese variations ni^c 
8ho\^Ti in tables given Wow for identification 
pur])oses. The colouring matter is generally one 
or more metallic oxides, frequently iron oxide, when 
the colour is said to vary with the number of 
molecules of oxygen in the oxide. But the whole 
matter is obscure, for the proportion of the con- 
stituents which determines the colour of a stone, 
and consequently its value, is often too small for 
its nature to be revealed by chemical analysis. 

The colour of stones can be, and is frequently for 
market purposes; changed by hbating. The corun- 
dums can be strongly heated with safety, ])alc blue 
and yellow stones l)ecoming colourless. Inferior 
purple oriental amethysts are changed by heating 
to a beautiful j)ink or rose colour. Most of the 
coloured zircons lose or change their hue by heating: 
•some become quifr oolomless, others change from 
browTi or red to a dull green. Cloudy spots in 
rubies or jargoons may sometimes Ik< removed by 
heating. Some stones are porous — such as agates 
and t turquoises — and dyeing thent is carried on as a 
regular industry. They contain microscopic cavitit's, 
which add to their brilliancy by internal reflection. 
The agate is blued by steeping it first in a solution 
of yellow prussiate of potash and then in a ferri<; 
salt, wherebv a precipitate of Prussian blue is 
obtained within the stone. 

Imitation Stonos. “ Paste ” stones are 
usually made of straes, a fused mixture of a dense 
fusible glass with a large proportion of oxide of lead, 
some c£ucined potash, and a little borax and arsenious 
acid. They are coloured with metallic oxides. The 
product is a brilliant refracting and dispersing gleuss of 
a specific gravity nearly equal to that of the diamond. 
For an amethyst imitation, manganese and cobalt 
oxides may be used ; for emerald, glass of antimony 
and copper carbonate ; ruby, manganese dioxide ; 
toimz, glass of antimony and purple of Cassius. 

^ The test which practically all of them fail to pass 

0k the file ; some can even l)e scratched with glass 
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i449el£. Further, they show no dichroism (being 
non-crystalline), are heavier than the stones they 
represent, and contain specks and air bubbles 
visible with a hand -magnifier. 

Doublets and triplets are false stones in which a 
valueless pale or colourless stone is given an appear- 
ance of a line deep colour by backing it with a piece 
of deeply colour^ glass or strass. Foiling is a 
legitimate means of increasing the beauty of a fine 
but pale stone ; but in a doublet only the upper 
part, and in a triplet the upwr and lower parts, are 
genuine stones, the cement joint being in either 
case at the girdle of the stone, which is generally 
covered by the setting. The doublet is detected 
by scratching the base, while if the triplet is 
immersed in water its three layers become visible. 

Imitation pearls are small globes of opalescent 
glass, which are coated with essence d’Orient, a 
preparation of the scales of a tiny fish — the bleak. 
An iridescent effect is produced by heating them 
under pressure with hydrochloric acid. 

Artificial Stonea, Artificial stones are 
products more creditable and more successful than 
the imitation. Rubies and sapphires of consider- 
able size, and identical in form, density, and hardness 
with the natural corundums, have been largely mode 
by crystallisation from fused alumina, with 
traces of chromium or other colouring oxides. 

Exact details of the process are not known. 

They distinguish^ only by microscopic 
examination, when it is seen that the cavities, 
which in the natural stone are angular, are 
in the artificial spherical. “Reconstructed” 
rubies and sapphires are built up from real 
small stones by fusion in the electric arc. Red 
spinel has also been successfully produced 
from fused alumina and magnesia dissolved in 
boracic acid. A lime spinel, which has been sold 
for blue sapphire, is made by fusing alumina 
and lime, tinctured with cobalt. Crystalline 
silica compounds are produced by interaction 
of their components in the gaseous state. 

The most famous experiments in this con- 
nection are those of the late M. Henri 
Moissan, who crystallised carbon under great 
pressure into minute diamonds, the largest of 
which, however, has not a greater diameter 
than one-fiftieth of an inch. Molten iron dis- 
solves carbon, and if this solution be suddenly 
cooled a hard, rigid shell is formed, within 
which the carbon is thrown out of solution as 
the still liquid part cools. At the point of 
solidification, iron expands, and under the 
enormous internal pressure thus produced the 
carbon assumes the crystalline form, 

IdentiHcation. The need for means of 
determining the genuineness of precious 
stones coexisted with the discovery of glass. 
Besides the expert knowledge which can be 
acquired only by experience in handling stones, 
there are certain facts which supply most of the 
information necessary for identification. 
Colour and hardness may not bo sufficient. 
Among the “ colourless ” stones, for instance, 
the jargoon, tourmaline, and aquamarine all 
have approximately the same degree of hard- 
ness. Their specific gravities determine their 
identities. Clvoism and the refractive index 
are the final physioal tests. The Rim^en rays 
have been used. Teats for mechanical properties 
are best made on unmounted stones. Facets stones, 
however, may be scratched on the edge of the back 
comer of one of the bottom facets. Great caution is 
needed, for stones which cannot be scratched maybe 


chipped or broken. The hardness scale should be 

g one through upwards. Glass imitations may bo 
etected by the fact that they do not scratch glass. 
The ordinary methods of hnding specific gravity 
are given in the course on Physics. Those constantly 
handling stones use a more convenient method. A 
set of heavy liquids (usually six) of known densities, 
increasing from about 2‘6fi to 4*5 (stones vary from 
2*4 to 4*75) is used, and the specific gravity of a 
stone is sufficiently approximated by noting its be- 
haviour when immersed successively in the liquids. 
That liquid in which it floats is heavier, and that in 
which it sinks lighter, than the stone, and it is 
obvious that as the liquid approximates its density 
it will rise or sink more slowly. The liquids used are : 
the poisonous double nitrate of thallium and silver 
(fused at 70^0. =4*5; solution at 160° C. =3*5), 
cadmium boro- tungstate solution ( = 3*3), methylene 
iodide saturated with iodoform ( = 3'tt), the same 
imre (= 3*3), and diluted with toluene or benzene 
( = from 3*0 to 2*05). 

Porous stones, such as turquoise and agate, must 
not be immersed in these liquids. 

The tables following }>r(*setit the characteristics 
of stones in the order of their import mce for 
identitication: 


Jargoon (zircon) 

4 •68-4*7.5 

9 

M 

Sapphire (corundum) ] 

3 -97- 4 *05 

M 

Diamond . . . . i 

/Topaz (Brazilian) . . i 

3*62-8*63 

10 

M 

3 -0-3 *3 

8 

M 

Tommallne (achroite) i 

3*0 

7-7i 

M 

Jlock-cryBtal (quartz) 

2*65 

7 

j M 

Sapphire (corundum) . 
Spinel 

3*97-4-05 
3*6- 3*7 

9 

8 

1 Strongly D 

1 M 

Topaz (Brazilian) 

3*5-3*4 

8 

1 Distinctly D 

Bone turquoise (odon- 

3 *0-3 *5 

5 

j — 1 

tolite) 

Fluorspar 

3*0-3*26 

4 

1 Strongly D 

Tourmaline (indicolitc) 

3 0-3*2 

7* 

Strongly D 

Turquoise 

2*75 

6 

— 

Aquamarine (beryl) . . j 

2*09-2-7 

7*-8 

Distinctly D 


Jargoon and liyacinth 

Iluby, or pink sapphire 3*97-4 '05 
Garnet (pyrope) . . ' 8*70-3*80 

Hpinel (balas ruby) . . : 8 '60 -3*63 
Topaz (Brasilian) . . ; 3'64-3T»<} 
Tourmaline .. 3*02-3*1 


0 

7 - 7 * 

8 

8 

7-7* 


Very 
faintly 1) 
Btrongly D 
M 
M 

Strongly I) 
Strongly D 


I I 

Garnet (almandine) { 4*l-4*3 | 
Sapphire (oriental amc- 3 •97-1*05 
thyst) I 

Amethyst . , . . I 2*65 

1 ; 
Jargoon (zircon) 4*3-4*63 | 

Sapphire (oriental to-' 3*97-4*05 ( 
paz) i 1 

Chrysoboriq .. 3*65-3*78 

Garnet (cinnamon Btoiie) : 8 *55-3 *66 
Topaz (Brazilian) . . i 3*5-3*56 

Chrysolite (olivine) . . 3 *3-3 ‘5 

Scotch topaz (citrine,' 2*66 
quartz) | 

Jargoon (zircon) ..! 3*98-4*1 I 
Sapphire .. ..( 3 *97-4 ’06 ; 

Demantoid (Bobrovko 3 *88 -3 *86 i 
garnet) 

Alexandrite (chryso-! 3*68-3*78 j 
beryl) 

Peridot (olivine) 

Tourmaline 
Kmerald 
Aquamarine . . 


3*3-8*5 

3*J 

2*70-2*71 

2*69-2*7 


7i 


7* 

9 

7-7* 

8 

6* 

7 

7* 

9 

6 

«* 

6*-7 

7-7* 

71-8 

7*..8 


Strongly J) 

Distinctly D 

Kaintly D 
Faintly D 

Distinctly D 

Distinctly D 
Faintly D 
Faintly D 

Faintly D 
Strongly D 
M 

Strongly D 

Faintly D 
Strongly D 
Strongly D 
Faintly D 


The third column give? spscifio gravities, and in 
the fifth “M” indicate? monoohroisni, and “D,” 
dichroism. 

Cutting and Polishing. The rough treat- 
ment to which most precious stones are subjected 
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in nature, and tlie genera] occurrence of flaws, as 
well as the development of their optical beauties 
necessitate cutting and polish]]^. Stones are either 
cut in facets or en cahochon. Transparent stones — 
with the exception of the garnet — are faceted to 
permit the full display of their refraction, ohroism, 
and dispersion u|>on which their beajity largely 
depends. The projK>rtions vary in accordance with 
the optical constants for each species of stone. The 
principal forms of cutting are hrilliant [18], step or 
trap [16], and rose [16j. The first is reserved for the 
real diamond, so that the term is synonymous with 
diamond. The face is called the croum [18] and 
the bnck the pavilion or base 
[14]; there are usually 38 
facets in the former (the 
X)rincjpal being the table), 
and 26 in the latter (the culet, 
or collet, and the pavilion are 
the principal). The step-cut 
is used for emeralds and other 
coloured stones. The rose- 
cut is the oldest form. The 
base may be fiat or similar 
to the upper part. 

Translucent and opaque 
stones are cut en cahocfwn 
[17]. The garnet is cut some- 
what hollowed behind [18], for 
foiling ; while for opals, the 
tallow- topped caboonon [19] 
is used. These forms are 
almost essential to sonu', 
stones, and they are con- 
venient for stones set in 
large objects, like vases, 
which are handled. 

In cutting, diamonds arc 
first reduced to their required 
form, to remove defects and \^\ 
to rough out the facets, by 
splitting down their ])lanes of 
cleavage. This is effected by 
a hammer blow on a knite 
placed in a slot cut by 
diamonds. They are faceted 
by rubbing two together 
{bru(ing% fixed on sticks 
with graver’s cement, the 
dust being saved for cutting. Polishing is done 
on high-speed cast-iron or other metal wheels, with 
diamond dust {bonrt) and olive oil, one facet at a 
time, the jirocess being long. 

Softer stones are more easily cut. Soft stones 
are cut on a flat emery grinding lap. Diamond- 
boart or corundum, on a metal lap, is used for harder 
stones. Final polishes can be given on buffs, with 
fine emery, tripolite, rottenstone, putty powder, etc. 

It will be convenient to classify the various stomps 
according to their chemical composition — the element 
(diamond), the compounds — oxides 
silicates, aluminates, phosphates — 
and the organic products. 

Diamond. Owing to its pre- 
eminent qualities, and partly also to 
its comparative abundance, the 
diamond is the most important of 
the gems, though not the most 
costly, and it has been computed 
that 00 per cent, of the stones on the 
market are diamonds. It is the 
hardest, and has the highest 
refractive (2 '410) ^nd dispersive 20, 
powers, to which it owes its 
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wonderful play of colours and fire. The most im- 
mrtant sources are South Africa, Borneo, Brazil, 
New South Wales, Bahia, and India. The Oa]^ 
industry originated with the historic discovery in 
1867, by a Dutch farmer’s child, of a rough pebble, 
which was sent to the Paris Exhibition of that year, 
and sold for £600. Thus were started the river 
diggings, which still produce the finest stones. The 
Klmb^ley workings originated in a somewhat 
simOar find, in the mud walls of a Du Toit’s Pan 
farmhouse. From that time to the end of 1904 
it has been estimated that the value of the South 
African diamond exports has been not less than 
£85,000,000, one year (1903) 
alone equalling about 51 
millions sterling. 

The “yellow earth” and 
“ blue ground ” diamond - 
bearing material is a soft, 
soapy rock, a mixture of 
erupted and metamorphosed 
sedimentary rocks. In the 
Kimberley mines it occurs 
in vertical funnels about 200 
yards in diameter, and of 
unknown depth. It is 
“ w^eathered,” and a concen- 
trate of pebbles obtained by 


crushing, washing, and screen - 
ing. This CQntain^ othej- 


13. 


16. Stop-cut stone 1 6. Bose-cut stone 17. CatK)ehon- 
ciit stone 18. Hollow <!abochon-cut stone 19. 
Tallow-topiwl cabochon-cut stone 


stones — garnets, zirObns, etc. 
— but owing to the fact that 
diamonds are more easily 
oiled than wetted, while the 
great majority of the 
minej-als have the reverse 
property, the diamonds a 1*0 
readily separated by passing 
tlic concentrate over rock- 
ing cast-iron plates covered 
with a thick layer of grease. 
Oil is used for the same 
pur{) 08 e. 

^luch romance is con- 
nected with the famous 
diamonds of the world, which 
camiot be gone into here. 
The largest white diamond 
is the “Cullinan” [20], 
found ill the Premier Mine. Pretoria, in January, 
1905. Its weight is 3,032 carats (nearly IJlb. tro30, 
and its largest dimensions are about 4J in. by 
in. It is a piece cleaved off a crystal four times 


FORMS OF OUT STONBS 
Crown of brilliant 14, of brilliant 


its size. It is of exceptional 


, and has been 


epti 

valued at £500,000. It would probably be impos- 




purity, 

Id proba 

sible to find a imrchaser if it were cut as one stone. 
Before its discovery, the “ Excelsior,” weighing 
97 carats, was the largest. 

Diamonds and other stones are sold by the carat, 
a weight which varies somewhat, but equals, in 
England, 3*168 ^ains, or 0*205 
Mammc. It is divided into four 
diamond grains. Commercially, the 
finest diamonds are bluish-white, 
coming from the Jagersfontein 
mines. “ Fancy ” stones — red, 
green, blue, pink, and violet (their 
value is in this order) ^ are 
extremely rare, and a 1 carat 
rod diamond has been sold for 
£800. “Gem stones” is a trade 
term confined to the finest 
stones. Brilliants are stones cut 
with the full number of facets 


CUIXINAK DIAMOND 
One-fourt] 
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and are mounted in open settings. The small atones 
generally known as diamonds arc pieces cleaved 
off brilliants. They have only the crown facets 
and no base and are used in closed settings. 

Rubien. Sapphiren* and Other Oxides. 
The oxides include the corundums, quarts, chal- 
cedony, and opal. Corundum (alumina, AlgO.,) 
is the chief constituent of the stones next to 
the diamond in hardness, stones varying optically 
and in colour as greatly as the ruby, sapphire, 
oriental amethyst, and oriental topaz, yet differing 
chemically only in respect to small proportions 
of metallic oxides, which do not, however, necessarily 
determine colour. 

Rubies and emeralds share the distinction of being 
the most costly stones. Rubies of the perfect 

X n-blood colour arc extremely rare, and practi- 
come only from Burma, where they are found 
in transparent crystals in limestone. The niby- 
earth is called hyout and is separated in rotary 
pans and pulsators. Rubies increase greatly in 
value with their size. A faultless 5-carat stone 
would probably sell for £3,000, while a similar 
diamond might not fetch more than £350. A fine 
38-carat ruby was sold for £20,000. Chemical 
and artificial rubies and emeralds have, however, 
greatly affected the value of all but the finest 
stones. 

The finest sapphires are a velvety, corn-flower blue, 
and (!ome from Siam. They are very rai*e, but large 
sapphires are much less infrequent than large rubies, 
and they are worth considerably less than diamonds. 
Though so hard, the sapphire was occtisionally 
engraved in Roman times. It has always been a 
stone of great sacred interest. 

The varieties of amethyst, topaz, and emerald, 
known as orienUd are violet, yellow, and green 
sapjihires respectively. 

Oonindums occasionally show an opalescent six- 
ray star, due to intersecting striations. These 
“ star-stones ” are out en cabocfwn fl?]. 

Quartz (silica, Si0.j) includes a large number of 
stones which, chiefly ^cause of their abundance, can 
hardly be termed precious, except the amethyst. 
The purest form is rock crystal. The amethyst 
owes much of its beauty to its peculiar rippled 
structure, its dichroiem, and its deej) purple hue. 

Other varities of quartz are chalcedony (known as 
agate and onyx when in different layers of different 
colours, and chrysoprase when green) ; cat’s-eyo, a 
vitreous stone with opalescence due to fibres of 
asbestos, from Ceylon ; cairngorm, a smoky -yellow 
to brown Scotch stone ; and ja8|)er, an opaque red, 
green or yellow stone. The Scotch topaz is yellow 
quartz. 

1'he Pneiom Opal is the only gem opal, and is 
distinguished by its wonderful play of the most 
brilliant colours, from a milky bed, red predomi- 
nating. This is entirely due to the mechanical fact 
of striation. It is essentially silica, but differs from 
quartz in that it is non-crystalline, and contains com- 
bined water. Hungary and Queensland supply the 
finest noble opals. Fire opals come from Mexico. 

Aluminate^ are represented by amnd (mag- 
nesium aliiminate, AlaOa.MgO), ana chry^eryl 
(beryllium aluminate, AlaOa.BeO). Spibels are of 
all the colours of the spectrum, are important 
because of their hardness [ 8 ], but lack refraetkm, 
dispersion, and pleochroism. The balas ruby is a 
red spinel. , . , 

Ckhjaobefyl includes true cat’s-eye (yellowish- 
green, with whitish ohatoyanoy), oriental chrysolite, 
and alexandrite (a Ceylon stone of leaf or olive- 
green, appearing red by lamplight). 
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Most of the ])i*eoious stones are grouped under the 
somewhat indefinite heading “Silicates’’— that is, 
these can be regarded as chemically derived from 
silicic acid. 

Emerald and Zircon. The precious beryl 
is a silicate of beryllium and aluminium (3BeO. 
AlaOo.fiSiOa), and is represented by the emeraldf 
the second most valuable stone, and the aqua- 
marine. No stone, perhaps, is more unequal in 
value than the emerald. Stones of the deep, rich, 
velvety green, which is prized, are very rare indeed. 
Their beauty is probably due to a chromium salt. 
They came from Egypt in ancient times, but are 
now obtained only from the famous Muzo mines of 
Colombia. Emeralds are also found in the Urals 
and New South Wales. 

The Aquamarine is a pale sea-greeu or blue 
variety, from Brazil, much less prized, often flawless, 
though of considerable size. An emperor of Brazil 
had one weighing 225 oz. troy, without flaw. 

Common muddy crystals of beryl are often found 
of great weight. One from New Hampshire, U.S., 
weighed nearly 2^ tons. 

Many varieties of zircon (ZrSi04) are lovely 
stones, particularly those of reddish and brownish 
tints, the true hyarinlhf and the true jacinth. 
The colourless yellow and green stones are jargoons, 
which have almost the fire of the diamond, share 
with it a brilliant adamantine lustre, and exhibit 
many rich and delicate hues. The jargooii is the 
heaviest precious stone, and the density varies with 
the colour in a greater degree than in any other 
stone. Ceylon supplies the finest colourless 
zircons, winch are frequently used as diamond 
substitutes. Hyacinths are found at Expailles, in 
Auvergne. These stones are not very valuable, 20 r. 
a carat being a record price. 

Garnet and Topax. There arc a large 
number of garnets, differing greatly in colour, 
density and hardness, but crystallographically 
similar (cubic system), and of the general chemical 
formula 3Si02.R.40.j.3M0. The more imixirtant 
are here noted. 

The Precious Garnet (3Si0a.Al20.,.3Fe0) or 
Almandine (called carbuncle when cut en cafjochon 
[18] ), is purple violet to a reddish brown. Cinna- 
mon-stone. or Hessonite (SSiOa.AlaOjj.SCaO), in- 
correctly called hyacinth, is a Ceylon stone of a 
deep honey-yellow with a red tinge. Pyrope, or 
Bohemian garnet, is very variable in composition, 
but is essentially 3Si0.4.Al2 0;,.3FeO.MgO. It is 
usually a deep blood-red, but is inferior in all 
respects to the ruby. Bohemia, New Mexico and 
South Africa are its sources. The Bolirovka 
Garnet or Demantoid (approximately 3Si02-FegO.,. 
3 CaO), wrongly called olivine and Uralian emerald, 
is popular owing to the similarity in colour to the 
emerald. It has brilliancy and fire, but is somewhat 
soft. The true Olivine species includes the greenish- 
yellow chrysolite and the pistachio-green peridot, 
or evening emerald (containing SiO^, MgO, and 
FeO), a soft stone, frequently engraved, coming 
from Eg3rpt. What is usually called olivine by 
jewellers is the green garnet, the domantoid. 

Topax and Tourmaline. Pseudo-topazes 
have been mentioned above. The true stone is 
^fie. Brazilian (probably 2AlaO3.SiO2.SiF3 and 
ebm'bined water), a wine or amber-yellow, blue, 
or remarkably brilliant, colourless stone (Goutte 
d^'Eau). The yellow stones become rose-pink on 
heating and are sold as “ burnt topazes.” The 
commercial value of the stone is small. 

The Tourmaline is chemicallv the most complex 
of all the precious sUmes. It is a silicate with 
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bases of the oxides of iron, manganese, sodium, 
nluminiuni, and perhaj)a manganese, potassium and 
lithium and other metals. The species includes 
aohroite (colourless), indicolite (blue), and rubellite 
(red). It has extraordinary polarising and dichroio 
properties, which give it exquisite and striking 
colour changes, according to the dh'ection of the 
light transmitted in the facets. It has remarkable 
electric properties. 

Turquoise, or callaite. is the only phosidiate 
among the gems (2AlaOa.P3Oc.6H2O, with some 
CuO). It is not entirely opaque, and the best 
stones are a delicate sky-blue tinctured with green. 
It is not crystalline. Nishapur, Khorasaan, is the 
chief source. Fossil turquoise (odontolite) is 
fossilised mastodon teeth coloured with iron phos- 
phate. 

Lapis-lazuli is a mixture of minerals in which 
i“ich blue complex silicates, Haiiynite, the true 
idtramarine (the once costly pigment now replaced 
by a chemical equivalent), sodalite, etc., pre- 
dominate in patches. It is coming more into use 
in modern artistic cost-ignoring jewellery. 

Pearl and Coral. Of the organic products 
the f>earl is the moat valuable. It consists of 
lustrous regular concentric layers of the form of 
calcium carbonate knoAvn as aragonite, and is 
secreted by the mantle of the |x?arl- bearing oyster 
or mussel, Margaritiftra vulgaris, of Ceylon, and 
MargariUma margaritifera, of Great Britain, being 
the best-know’n moll uses, respectively. It is 
due to the irritation of the mantle by a minute 
parasite or a grain of sand. A ]iearl weighing 
I carat standarcl quality may l)o worth £10, or £80 if 
of 4 carats. A 8hah of Persia i)a id £65,000 for a y)earl 
weighing nearly 170 carats. The largest is probably 
s\ huroque (that is, of irregular shape) pearl, weigh- 
ing 465 carats, 2 in. long and 4} in. in circumference. 
Pearls are found of all colours, black lieing the 
most esteemed. 

('oral used in jewellery, white, pink and r<‘d, 
is the product of a single s^K'cies of polyjie, (hraUium 
uobile, found in the Mediterranean, the coasts of 
Provence, North Africji, and elsewhere. It is 
mainly calciiun carbonate, with an unknown 
colouring matter. 

Amber and Jet. Amber is an unchanged 
fossilised pine resin of the Tertiary ]ieriod. It is 
found on the shores of the Baltic, Sicily, Norfolk 
and Suffolk, and in Up]K‘r Burma. Its density is 
about 1*08 and hardneM.s 2J. Sicilian amber i.^* 
fluorescent in sunlight. Jr# is a dense, homogeneous 
variety of coal. Whitby, Yorkshire, is the principal 
source. 

Gold-work and Jewellery. From the 
remotest days personal ornaments have l)een 
prized, and where, in the beginnings of civilisa- 
tion, the precious metals and stones attracted 
man’s attention, the craft and art of j»reeiouB- 
metal working and jewellery was begun. From 
the purity in which it occurs, ^Id was probably 
the first metal used by man. SVom the earliest 
times some artists hare chosen to work in the 
pi*ecious metals. The Egyptians, the Etruscans, 
and the Grecians attained standards of artistic 
excellence which, it is said, have never been 
equalled in modem workmanship, and certainly 
have not been surpassed. Nearly all the methods 
of working now used — ^repousse, enamelling, fili- 
gree, soldering, and many others — were practised 
in these early times and developed to the highest 
pitch. ^ 

Gold -working, like all arts, regressed in 

cycles. There were long iHTiods in'? ^ di it seemedl 
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to become increasingly mechanical and a mere 
matter of workshop copying, which were followed 
by artistic revivals. Such were the Roman« By- 
zantine, the ecclesiastical of the eleventh century, 
the Renaissance and the Celtic periods. Modern 
gold- working is the sum of the many small improve- 
ments in form and method produced in all these 
|K)riods. Essentially, it contains nothing new, for 
its Ijcst is after Nature, and therefore classic ; but 
only in the sense that the classic fiu’nishes models 
ana suggestions for the expression of modem ideas. 
What is termed tlu' ‘‘ Now Art ” has bcion 
desorilwd, not without merited scorn, as “ that 
corrupted compound of tmeasy vermiformity, 
slickness, and imbecility — the art of the tmdying 
worm.'’ 

From the purely artistic |)oint of view modem 
work has suffered much by the application ot 
machinery : but, at the same time, there is much 
that is good in the beth'r class machine-made work, 
and it has made it possible for good, simple work 
to be knovm and used by the [K'Oplc. 

The iiniKjrtant centres of modem jewellery 
))ro<luetion are Paris, Vienna, the Clerkenwell district 
of London, Birmingham, and New York. The 
ri'vocation of the Edict of Nantes is probably 
rc.sponsible for the Clerkenw’cll trade, ns most of 
the skilled artisans of the district appear to have 
had Huguenot ancestors. The Birmingham trade 
no doubt originated in the skill previously reached 
in line steel-w^ork. 

Modem work consists either of pure metal-w'ork 
(called Plate if not jewellery or coin), metal 
with decorative j»reciouH stones, or work of which 
precious stones arc the feature. In the early part 
of the nineteenth century the last class was the 
most im])ortant, and but little artiHti(5 skill was 
displayc'd in the settings, but with the greatly 
lessened rarity of diamonds, resulting from the 
large South African supplies, stones have come to 
take a more subordinate place, and in much of 
the highc.st class of modern w'ork there is an 
almost entire negk'ct of gems for their intrinsic 
value. 

Materials and Alloys. Fine gold is too 
soft to stand any wear, and must be hardened by 
alloying. Alloys are denominated by the number 
of carats to the ounce of 24 carats which they 
contain, but they arc made up by the ounce, dwt., 
and grain. In alloying most metals, definite pro- 
portions must Ik* observed or liquation will occur, 
Imt eo}q)er and gold and silver and gold alloy in 
all proportions. Silver alone produces a greenish 
gold, while copj^r gives a red gold, and a mixture 
of the two as an alloying metal gives an »dloy of 
colour somewhat similar to pure gokl. It is, of 
course, an important factor in the ehoiee of metal 
for any particular purpose*. Red alloys are, 
naturally, chea))er than green. 

The best metals for working and appearance are 
22 carat and 20 carat. High class trade jewellery is 
18 carat — ^that is, three-quarters pure. The i)ublic 
taste is for red gold, but the increase in copper which 
this necessitates produces an alloy which is somewhat 
hard and liable to crack in working imless great care 
has been taken in its preparation, and it is frequently 
annealed in the early stages of working it. Alloys 
with silver only ai'e more ductile and muoh easier 
to work. For repou8s6 work gold is alloyed with 
silver down to 12 carats. The alloys used by 
jewellers are very many and vary greatly with their 
use. Some of the representative alloys for general 
purposes arc tabulated below. Xlloys under 
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from the bench and tlu* Jloor, are wold to tlie re- 
finers. 

The following tools are those ordinarily required 
in gold working and jewellery : polishing, lapping, 
and gold-cutting lathes ; the sparrow-hawk [22], or 
beck iron, is a bench anvil ; nipper for cutting wire 
and sheet metal, and for piercing holes in sheet ; 
joint-making tool for hinges ; taper trebleta, made 
of turned steel or hardened cast iron, for shaping 
linger rings the edges of collars, lockets, and 
bracelets ; a steel doming block [23], and a set of 
doming }nmchcs; micrometer gauge for measuring 
thin sheet ; a drill stock, bow, or Archimedean ; 
snarling irons for repunss*'* ; broochers, burnishers ; 
chasers and matting tools ; set of files (needle, 
round, flat, three-cornered, and riffle) ; 8Cori)or8 for 
c.irving and engraving ; blowpipe ; drawplate 
for wire-drawing ; hammer [24] and mallet for 
repousse, chasing, and relief work ; pliers ; screw- 
plate ; bench and hand vices; flatting mill; 
])olishing brushes and buffs. 

Rolling and Wire Drawing. Sheet 
metal and wire are produced from the ingot by the 
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10 carats fine are partly made u]) with “ comi>o8i- 
tion,” a mixture of spelter and copper : 


(Jold— Carata. 

Klnn gold. 




0-92 

0*04 

0*04 

22 (coin) 

0*917 

— 

0 *083 

18 

0*76 

0*125 

0*126 

16 

0*6625 

0 *075 

0*2625 

15 t 

0*625 

0*125 

0*25 

15 (Kreen) 

0*626 

0*375 

— 

15 (rod) 

0*625 

0 *025 

0 36 

5 (forsettingR) 

0*626 

0*225 

0*16 

12 

0*6 

0*154 

0*340 

10 

0*416 

0*204 

0*3«4 


llie cost of alloys varies, of course, with the 
proportions contained in the alloying metal. It 
is said that a homogeneous alloy of platinum and 
gold cannot be obtained. 

Jewellers’ solders are low-grade gold and silver, 
copper alloys with spelter added, made up with 
scrap metal as rcfpiircd, by melting in a clay crucible. 
Cold solder may cost from SSs. to 55s. ]wr oz. 


Fine gold is always sold at the following standard 
rates according to quantity ; 1-5 02., 86s. ; 5-10 oz., 
85s. fid. ; and 10-50 oz., 85s. 3d. Silver fluctuates 
according to bullion market rates. In December, 
1906, it stood at 2b. 7d. jicr oz. A 22-carat 
alloy costs about 78s. per oz. ; 18 carats, 64s. ; 
16 carats, 47s. ; and so on. Silver alloys conttiin 
nickel and copper or German silver, and cost about 
30s. fid. per oz. 

The WorKahop and Tools. The jeweller’s 
work-bench consists of a hard, semicircular beech 
board, shaped to take the body of the worker. 
The illustration [21] shows a five -place bench. 
A rest for filing or engraving is provided in the 
centre of each bow. A tanned skin is fastened 
iindomeath each worker’s bow to catch filings of 
the precious metals and to hold tools. Tin trays are 
sometimes used, but they are liable to damage 
work which may be dropped into them. A grating 
is placed on the floor underneath the bench to 
catch stray filings which, with the daily sweepings 
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Hatting mill [ see ]>age 5522]. The rolls arc of polished 
cast steel and revolve in opposite directions. 
Multiple 8]^)eed and power rolls are also used. Roll- 
ing hardens the metal, and it has to be frequently 
annealed by keeping it at a red heat in a muffle 
for a period increasing with its fineness. Gold con 
be reduced to nearly the thickness of tissue paper 
by a good pair of rolls. Rolls with characters and 
designs engraved on f-hem are used for embossing, 
etc. 

For coarse wire the ingot is rolled to the required 
gauge, annealed, and slit in rolls with regular 
cutting slots. The square strips produced are then 
passed through wire rolls having circular grooves. 

A simpler method is drawing a rod of metal 
through holes in a steel drawplate diminishing in 
size. Gold is so execodingly ductile that it is said 

I oz. can be drawn out into a wire 60,000 ft. (over 

I I miles) long. The average length of best filigree 
wire obtainoclfrom 1 oz. is 4,500 ft. After the rolling 
and slitting above described, the wire is pointetl, 
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rublied with beeswax, or oiled, and ptillwl through 
the largest hole in the ])late. The end is then 
attaebnd to the draw tongs of a drawbench. and 
the wire drawn re])eatedly imtil it is sufficiently 
reduced. 

Small tubes, for brooch, locket, and other hinges, 
etc., are made similarly. A strip of inetnl about 
throei times as broad as the lube diameter is ham- 
ineied into gutter form along its length, the point 
tapered and inserted in the plate. A pointed bur- 
nisher is kept in the hollow of the gutter Inhind the 
plate to keep the tube true as the metal folds round 
during drawing. 

A convenient form of drawplate (25] is made of 
soft steel, the size of the holt's being adjustable. 
They can be closed with a round-faced hammer or 
opened with a steel puncher [26]. 

Melting and Casting. Alloys of gold and 
silver are melted in a or portable furnace 

lined with firebrick, in plumbago or clay crucibles. 
Three-ounce ingots are product rapidly without a 
hunace by means of a combined crucible and ingot 
mould. The metal is melted with a blowpijie, and 
run into the mould by tilting’thc whole aiiparatus. 

For casting very small work a mould of cuttle- 
fish bone is used. A clean and perfect piece of bone 
is (;ut into halves betwt'cn which the pattern is placed, 
and an impression taken. 'J'he pieces are hound 
together with iron wire, and the metal, melted on 
cliarcoal, run in. Larger and rougher work is cast 
in moulding sand and loam packed in iron casting 
flasks round the pattern and dried thoroughly. 

Piece moulding, for coni pli(;n ted and undercut 
work, is similar in princijile. False cores are used 
so that the mould can be taken to iiiocos to remove 
the pattern and reformed for casting. The model 
is first made in wax or clay, and a cast taken in 
plater of Paris. 

The waste-wax method permits greater finish. A 
model is made in casting wax, and then coated, at 
least 1 in. thick, by means of a camel-hair brush, 
with a paste of moulding sand, ground very fine, with 
watc^r. An impression is taken in sand as usual, and 
the mould heated until all the wax is run out, leaving 
a hollow mould of fine* sand. A sand (uire on an iron 
wire coated with flour paste is used for liollow 
castings. 

Soldering. KSolder is made as wanted from 
scrap metal. For ordinary work, silver cuttings and 
fine brass or sjielter (2 to 1) are melted in a clay 
cnmible, and cast. A hard enamel solder is made with 
fine silver and copper, 4 to 1. Solders become more 
fusible as the projiortion of silver is decreased. 

Gold soldor may be made by adding 6 gr. of 
fine silver to every dwt. of the alloy which is being 
used for the work in hand, and melting on charcoal 
with borax. 

Soldering is on exceedingly simple and satisfactory 
process if all the materials used aie absolutely 
clean. 8m all panels of solder are cut out, dipped in 
borax, and held in position by means of the binding 
wire which holcL the piece of work together. For 
silver work the solder will not enter the join if the 
edges are brought too close togotlmr ; bat in gold 
work the fitting cannot be too close. 

All work must be boiled out after soldering, in 
pickle — a weak solution of hydrochloric acid. 

Colourtng and Gilding. The pale colour 
of gold which is inferior or contains too much silver 
<ian be enriched by “ dry ’* or “ wet ” methods. 
In the first the surface silver is removed by dipping 
into a fused solution of saltpetre and the sulphates 
of zinc, iron, and aluminium in their water ofi 
crystallisation. It is not applicable to less thaa^ 


IH-carat gold. Gold from 9 to 15 carats can be 
darkened by heating. The wet methods are a pf dic- 
able to all golds. Hot solutions of hydrocnloric 
acid, saltfH-'tre, common salt, and, for higher 
qualities, alum, or of ammonium sulphide, are used. 

New silver work which looks unpleasantly white 
and glaring can also be darkened — from a pale straw 
to jnirple — with a very hot ammonium sulphide 
solution. 

'Hie oldest and best method of gilding is by amal- 
gamating the surface of the metal with a stiff gold 
amalgam, the mercury being driven off by heat. The 
surface is first prepared with mercury nitrate. 
However, this and such processes as i)ainting on 
a nitric acid solution of mercury and gold chlorides, 
or burnishing on gold leaf, have been quite* sufKM - 
seded by electroplating. 

Finishing. The final processes by Jiieans of 
which tool marks arc moved and a surface*’ finish 
given are jiolish ng and finishing. They require 
much skill and ex})orience, because high-class work 
is easily spoiled if sharj) edges are rounded, and 
relief lessened, nr other delicate details coarsened. 
The work is first cleaned by pickling, and then 
nibbed carefully with watcT of Ayr stone to remove 
oxide filiii and tool-murks. Finer polishings are then 
given su(!(;es8ively with charcoal and oil, rottem- 
stoiie and oil, and jewellers’ rouge and water. The 
work is finally washed in hot soap and water, and 
dried in boxwood sawdust. I’lat surfaces are often 
wet coloured between stoning and polishing. 

Round suidaces and repousse work are first 
stoned, as before, and thc'n jjolished with circular 
rotating brushes, first with scratch brushes and 
stale beer, then with a brush charged with rottim- 
stonc and oil. If a higher polish, culled “ bright 
finish ” is required, a eireular calico mop, charged 
with rouge, is used, (-bains and surfaces requiring 
fac(*ting are finished on the lapping lathe, whicdi 
cuts away the surface on si>t‘cial parts leaving it 
bright. 

Inlaying and Filigree. Inlmjiwj is largcdy 
a matter of patience after the required designing 
skill is obtained. The design is engraved out of 
the metal with scorpers, the edges of the lines and 
H|wces being undenMit. Fine gold or silver wire, a 
little larger than the thickness of the engraved line, 
is thou gently hauimered in. The ground of s]»uecs 
is roughened and sheet metal hammered in. (Niello 
inlaying is described on page 5529. | 

Damascening is a similar process u])plied to steel. 
In two cheaper methods the ground to be covered 
is roughened either with the worper point and thin 
gold or silver hammered on, or by cross lines cut 
with a graving tool and gold leaf burnished on. 

Fili'grct jewellery work is fashioned with fine 
threads and beiuis of gold and silver, curled, 
twisted, and plaited, and united at points of contact 
with gold or silver solder, where small grains of 
gold are also often placed. The Greeks and Etruscans 
had a wonderful knowledge of gold soldering, and 
some of their finest work is built up by soldering 
Incredibly fine gold wire and minute grains of gold 
on to the surfaces of small objects. The secrets 
were entirely lost until some of them wore revived 
some years ago by Cassini, who discovered in Venice 
desoendantfi id the original wwkers. Eastern fili- 
gree work is particularly noted for its beauty. 
Modern woi*k consists of l^ittons, brooches, crosses, 
earrings, etc., siurounded and broken up by bands 
of solid metal to give strength to Hie design. The 
wire for the purpose is made by drawing through 
minute holes drilled in rubies set in brass plates. 
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Articles of Jewellery. The application 
of the foregoing processes will best be indicated by 
the production details of a few sj^cifio articles. 

Cftaivs for all purposes, except, perhaps, neck- 
laces, are generally mach ine-made. They are prob- 
ably superior in design and execution to most of 
the hand-made, for chains obviously 
offer great facilities for mechanical 
repetition. For necklaces which are 
not of fine or Venetian chain, where 
stones are set in gold wire-work 
connected by chain links, the links 
are frequently hand - coiled. The 
wire — simple, double, twisted, or 
flattened — is coiled closely and regu- 
larly round a paper-covered mandrel 
(of the shape and size required for 
the links), and the mandrel is with- 
drawn by charring 
the covering pafXT. 

If iht^ spiral then 
be sawn through 
lengthwise a set of 
links will be ob- 
tained, different 
varieties of which 
can be looped to- 
gether to form the 
(;hain. If solid curb 
chains are made 
by hand, the links, 
formed as described, 
are made into curbs 
by sharp bending with pliers, 
and the whole chain is flattened 
with a mallet. For hollow 
chains gold is drawn through 
tho i)late round charcoal iron 
wire, which is removed when 
the chain is complete by boiling 
in dilute sulphuric acid. 

Necklaces are usually designed 
on a 4i-in. circle, pendants 
being arranged on radial lines 
of the semicircle. Good 
effects are obtained by twisting 
flattened single or twisted wii-e or 
filigree wire in knots and wreaths 
round the stones used, linking all 
together with chains and Ioojjs. Such 
a design is shown [28]. A design 
for a j)endant in pierced and re- 
pousstS work for an all-silver neck- 
lace is given in 27. 

For gold work the two halves of isjn- 
dants are shaped with a burnisher out 
of thin metal on a brass model set in 
graver’s cement. The halves are strength- 
ened with wire, soldered inside, and then 
soldered together. Ancient necklaces wore 
made up of simple pendants burnish^ 
in this way on matrices engraved in 
brass. 

BraedeU vary from in. to 7 in. in 
circumference. Silver bracelets may bo 
hammered up out of a piece of thick 
wire, one end being flattened out, cut, 
and twisted into scroll or other designs, 
the rest hammered stjuare, being bent 
round to form the band. A box-setting, 
for a stone, soldered on to one side of the band, 
covers the joint and permits opening sufficient to 
pass over the hand. 

The hinged band bracelet [80] is built up of 


square wire and sheet metal shaped on an 
elliptic brass pattern ; or a piece of sheet metal 
is fluted with hammer-pane, annealed, flattened 
double, and drawn to required depth through 
an oblong- holed drawplate with a brass core. 
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It is then bent to oval shape, the brass 
removed, and tho front soldered in. 
Hollow tube bracelets are similarly 
made. 

Flexible bracelets are built up of rings 
or links soldered together, the units thus 
formed being lmke<l [29 and 31]. The 
figures show two of the simplest forms, 
illustrating the principle on which many 
compound bracelets are built. 

Brooches are best kept rather small. 
They may he made on similar principles 
to pendants; or the base may be bent 
out of strip mctjil, 
with sharp angles, 
strcngth(jn(xl with 
solder, and tho front 
and back soldered on 
The catch is made 
from a short piece 

of D-wire, filed flat 
at one end, coiled 

round at the other, 
and sohlored in place 
on the brooch near 
tho edge. Tho hinge 
consists of tlireo short 
pieces of fine tube, 
of which tho pin is 

soldered, the other two being, 
soldered in lino on a plate 
at a distance apart equal to 
tho length of the piece of 
tube on the pin. Ninc-carat 
gold is harder and more springy 
than silver, and is preferable 
to it for pins. 

The ring, in princii)Ie, is 
simply a hoop of flattened or 
drawn wire, or a band of 
metal, coiled round a mJindrel and 
soldered. But most of the rings 

sold — wedding, kecjicr, belcher, twist, 
signet, etc., are cast or stamj'cd. 
Charcoal moulds arc used on a small 
scale. Designs for table, etc., rings 

are built up on motlelling wax out 
of the metal and stones, covered 
with plaster of Paris, the wax melted 
out, and the whole soldered together. 
Setting Stones. There is much 
room for the display of skill in the setting 
of precious stones if their brilliancy, 
colour, and flash are to be proixjrly 
brought out and inartistic contrasts 
avoided. For instance, the angle at 
which the stone is set varies with its 
kind. Stones arc grouped together on 
tho principles of identity, graduation in 
properties, or entire contrast. Stones 
which are similar do not accord well — for 
instance, the zircon is too much like tho 
81. FLEXIBLE diamond to be assoeiateil with it, but tho 
BRACEiJffiT LINKS ziTCon accords well with tho turquoise 
or green tourmaline, while the diamond 
contrasts well with stones that are waxy, inter- 
nally reflecting (cat’s-eye), less fiery, or pleochroic. 
Curved stones are best associated with stop-cut. 
A single stone is sometimes mounted (in rings, 
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f'tc.), but it is more usual to set it with a border of 
small diffeit/nt stones. 

'^rhe diamond may be set in gold, silver, or plati- 
num, but the ruby, and other coloured stones, are 
set in gold. The ruby harmonises wonderfully with 
luiburniahed gold, or contrasts richly with dull gold, 
and it is a fault of modem jewellery that this 
characteristic of the ruby is largely ignored. Blue 
stones with yellow dead-gold settings give ricdi 
effects. 

Backing and foiling with thin plates of gold, 
silver, tin. etc., is largely resorted to to unj)rove the 
colour and lustre of poor stones. In the East, rubies 
are enriched by hollowing out the backs and filling 
with gold. Stones are never cemented in well-made 
jewellery. They are always retained in metal cups, 
lx>xes, claws, etc. A olosnd setting [32] is a box cut 
out of strip metal, the upper edge l^ing turned over 
the stone with a burnisher. Open settings { 34] are 
hand-made by cutting with a graver or drill and 
file a thick metal collet into claws, leaves, et-c. A 
shelf for the stone is cut inside. Baved settings 
1 38] are used only for th() harder stones ; they are 
liable to become loose. The setting is scorpered out 
of tJbe solid metal with .slo]»ing edges, which are 
burnished over against the stone. 

For cabochon stones, a conical sotting carved in 
wreathed or other designs out of thick sheet metal 
is sometimes used. For rings and bracelets, settings 
are cut star-shaped into the metal, and the stone 
may bo bedded in with a platinum collar. 

Machine-made Jewellery, It is not easy 
to draw the line between mechanically-made and 
hand -made jewelle?*y. Personal oiiiatncnts may be 
reproduced by the score from sunk dies by hammer- 
ing thin sheet metal into the dies, but much skill 
is required, first, to cut the die, and then to carry 
out the repousse of)erat4on and fit the article 
together. On the other hand, large quantities of 
articles produced in Birmingham liave had exiiended 
upon them the slightest [lossible amount of hand 
labour. The design being settled, their production is 

m 
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merely a matter of machine stamping from rolled 
metal. These articles are known os “ imitation ” 
jewellery. The n ppl ica tion of machinery to solid gold 
work is on the increase, but it is economically 
possible only where there is a large demand for a 
stereotyped article. Chains ore very largely pro- 
duced mechanically, and most ordinary rings are 
made in stamping presses. The production of the 
sunk steel dies used in pure machine-made and the 
class of jewellery referred to above is a matter 
requiring much artistic skill. 

Hall-marKii^. Hall-marks are very compli- 
cated, and therobybiil almost entirely to servo the 
public, because expert knowledge is required to 
toll when or by whom an article was made, or where 
it was marked. The principal assay towns, or hall- 
marking cities, are lamdon, Birmingham, and 



Chester. The Loudon marks for gold plate are tlie 
sovereign's head and crown (if duty paid), the golden 
letter, indicating the year of marking (the series 
now running is in Roman small letters), number of 
carats line, the leojmrd’s head, and the maker’s 
mark. For silver they are: lion passant, leopard’s 
head, year letter, and maker’s mark. 

Certain articles, including jewellers’ work con- 
taining stones, do not come under the heading Plate, 
and do not require to be marked. The testing con- 
sists in assaying about 5 gr. of allo^ cut or 
scrnj)ed from convenient parts of the articles. 

Old Shemeld Plate. This has been super- 
seded by electro-plate, which is oalled “ real ” 
Sheffield plate. \'ery fine work was produced in 
the genuine (“old”) plate, and it is now so rare 
that it is sometimes sold at prices exceeding the 
value of similar articles made 
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The plate used was made by bedding rolled line 
silver with a hammer on to a planed cop|)er ingot 
and then heating in the furnace (the silver face 
proiccteti by a copper plate with a whiting-covered 
surface) till the silver melted and set on the coi)per. 
The ingot was rolled and worked by repousse and 
hammering. Mounts, feet, and other additional 
portions were struck by dies. 
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workroom, os apart from his surgery, it will bo 
convenient at this stage to discuss the subject of 
dental mechanics as a means of livelihood, viewed 
altogether apart from the profession of dentistry in 
the wider sense in which the subject has hitherto 
been dealt with. 

One of the great advantages which the* education 
of the dentist affords consists in this, that at the 
outset of his student career he rcecivcs a praeti<*al 
training in a form of manual work, ])roticieney in 
wliich aImo':t ensures good em})loyment at mechanic’s 
wages. This is a very real advantage because, under 
these circumstances, if the student is for any reason 
unable to complete his education at the hospital, 
he has the satisfaction of knowing that the element- 
ary work which he has ulrea<ly done, although it 
stops short of the actual purpose for which it was 
taken U]), is not by any means wasted. Should the 
student, therefore, afW* com]»letiiig his period of 
apprenticeship, find himself not }>o88ossed of suffi- 
cient funds to carry him through his ht spital course, 
it is of the utmost help to him to know' that he has 
been building solidly all the time during which he 
has been apprenticed, and is now capable of earning 
wages which may well tide him over a tem])orary 
difficulty, and which, as experience increases, may 
afford a permanent moans of livelihood. 

Advantages of Practical Training. 
On the other hand, a young man who begins 
priiotical work in the di‘ii- 
tist’s workroom with a view 
to caniing his living as a 
mechanic may subseipiently 
find himself in a ])osition to 
undertake the exj)eiise of a 
hospital education, and he 
has the satisfaction of know- 
ing that the yeai*s he has 
Hj)ent in ucrpiiring a thorough 
practical acquaintance with 
dental mechanics have 
brought him invaluable ex- 
]>erienoe and manual dex- 
terity, which will be of the 
utmost use in the study 
and practii^e of dentistry. 

As a me/ins of livelihood the work of a deutiil 
mechanic offers several advantages in addition to 
that which has been mentioned. The work is, 
perhaps, somewhat tedious and trying to the 
patience, but is certainly interesting to anyone 
who has a taste for occupation which demands 
manual skill and a mechanical turn of mind. 

The hours of work are not long, averaging from 
nine or ten in tlie morning until five or six in the 
evening, with the usual midday interval. There 
is at present no overcrowding in the work, and a 
capable mechanic of steady habits is generally sure 
of employment, providesd he is able to work well 
with his employer. The rate of wages is, on the 
whole, good, and, in addition to the ordinary form 
of employment os metjhanic in a dentist’s workroom, 
there are other openings for men with special qualiff- 


ng man who begins eventually any the le 
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cations. The dental hospitiils appoint superinten- 
dents of their workrooms, with duties which gener- 
ally involve the assistance and instruction of pupils 
and students in their work. Other dental mechan- 
icians increase their earnings by fitting up for 
themselves a private workroom, and undertaking 
work for such dentists as do not employ a mechanic 
regularly on their premises. 

The Young Dental Mechanic. For tlic 
guidance of parents who desire to bring up a boy 
as a den till mechanic a short outline will here be 
given of the course which should be pursued. All 
that has alreiidy been said as to the importance of 
early finger- training for a boy who is destined to bo 
a dentist applies with (Mj[ual force to the education 
of a mechanic. It is true that the course of training 
in the workroom is longer than that prescribed for 
the dental student ; but a boy who begins this work 
with fingers to some extent accustomed to the 
handling of tools, even of the simplest description, 
will have a distinct advantage over one who has 
everything to Icani. 

V^ory often it will happen that a boy must be put 
to learn his trade at the earliest date which the law 
allows, but, when it is possible, it is distinctly 
desirable that he should be kept at school after the 
recognised sixth standard and labour-teet have been 
passed, or the prescribed ago of fourteen years 
has been reached, A year’s, or even two years’, 
additional school-life will not tend to make him 
eventually any the less ctTectual a mechanic, while 
it will go far towards putting 
him in a jwsition to study 
for the preliminary examina- 
tion in arts which he may. as 
I x'fore suggested, subsequent- 
ly wish tS pass as the first 
stop towards qualifying as a 
flentist. There may, indeed, 
be some difficulty in i)er- 
Huading a dentist to ttike as 
his apprentice a boy who 
has only just reached his 
thirteenth year, and in this 
(^ase, if he bo taken from 
school, it will be necessary 
to obtain for him some 
temporary light work which, 
unless it be well chosen, may tend to \msteady him 
and even unfit him for the life which has been 
chosen for him. 

Apprenticeship. The period of school-life 
having drawn to a close, the next step is to arrange 
for his training in a dental workroom. For this 
purpose a qualified dentist should be approached, 
and, if possible, some ticquaintancc obtained with 
the dental mechanic employed with whom the boy 
will have to learn his work. The arrangements 
made between a dentist and the parents of such 
a boy vary considerably. The best plan is probably 
To enter into a definite agreement for the appren- 
ticeship of the boy, the dentist undertaking to give 
him the opportimity of learning the work, and the 
parents paying a premium in consideration of this 
service. The amount of premium also varies, but 
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probably£20 would be about tho average demanded. Models and their Preparation. To 
and is looked upon as an earnest that the- work obtain an accurate copy of the interior of the mouth 

is to be seriously undertaken. The ]XTiod of appren- the first step is to procure what is called an impre.6- 

ticeship under such conditions would probably be aioji. This is e.s8entially a reverse copy of the mouth, 

five yeivrs, and it is usual for the dentist to pay the the result of pressing a suitable material against the 

premium back in the form of wages, whieh gradually surface of the teeth, gums, and palate so that they 

increase year by year. As an alternative, it may leave their impress upon the material. Various 

be agreed to dispense with the payment of a premium, materials are use<i for this purpose. Their proi)ertK'S 

the period of service Ixung extended to seven years differ considerably, and the choice of the mo.sL 

instead of five, and the boy being at first employed suitable m any particular case demands careful 

in more general work either in the workroom or Imuse. consideration and nice judgment, which ctin only 

The Importance of Study. The plan be effective when the operator is thoroughly 

first referred to has the obvious advantage of familiar with the substances at his disposal. I'he 

mtaiting a definite undertaking on the part of the materials in general use are these: Beeswax, gutta- 

dentist, and should be followed, if jKissible, where jiercha, modelling composition and plaster of 

the boy has been kept at school for the additional Paris. 

time, as has lieen recommended. The second The method of using the first three of these is to 

plan should be looked upon as the best that can be soften the material by means of hot water, press it 

arrang(‘d where the funds necessary for the payment into position in the mouth, and hold it firmly in 

of a premium are unfortunately not uvailablc ; it place until, as the temperature falls, the material 

makes a more definite demand upon the boy’s own resumes its firm and stiff consistency. It should then 

enterprise and his |iower to give satkbicticm to his be removed, if firm enough to retain its form without 

employer. Many capable mechanics who have done bending with tlie slight force that must be employed 

well in their work have received their early training ‘m order to detach it. Beeswax is used cither in the 

in accordance with the latter plan, and it is pure form, or rendered tougher by the 

obviously to the advantage of the dentist addition of resin, or mixed with colouring 

to give a smart and f^mising Ixiy every fi ^ material to give it a more attractive 

opportunity to leam his work well, so tliat K apjx'arance. It can be softened by a 

during the later years of his apprentice- temperature which can be borne by the 

ship he may receive from him good m \\ / W hand, and when in the soft condition 

service in his workroom. During his ar 11 should be kept below tlic surface of the 

apprenticeship a boy should be encouraged li. 1 1 water, and thoroughly kneaded into a soft 

to continue his studies in tlie subjects of m 4|| and uniform mass. 

general education by attending evening Gutta-jiercha, of which the pure brown 

classes, and the idea should be kept before ^ form should be used, requires a much 

him that some day he may have the 4 metal inE for higher temj>erature for its thorough 

opjjortunity of qualrfying himself as a STRIKING METAL softening, and the water used should 

dentist, and that, therefore, he should PLATE be almost boiling. Great care has, there- 

make every effort to prepare himself fore, to be used in order to avoid burning 

as far as 7 x>ssible for the preliminary patient’s mouth, 

esaraination. Composition of Model Sub> 

The Student as "Improver.” 1 , ) stances. Many attempts have been mnde 

The years of apprenticeship having come \ y j [ to elaborate a material possessing all the 

to an end, the step is to obtain \\ / properties of an ideal impression material, 

occupation as a mechanic. When the and for this purpose a variety of com- 

apprenticeship has been passed to the ||;| I pounds is at the disjxjsal of the dentist. 

mutual satisfaction of lioth parties, a \1 J Their constituents differ within fairly wide 

further engagement may be entered limits, and they possess somewhat varying 

upon, and there arc, of course, advan- 5 SECTIONS of properties. Most of them contain the 

tngcR in this plan. Tn other cases a FORCEL.AIN following substances combined in varying 

|>OHition may be obtained in another work- “ TUBE-TOOTH ” proportions : A gum, of which gum d tmmat 

room, and this has the advantage of giving is an exam])lc ; stearin, a fatty material ; 

opportunities of learning other metl.ods of work French chalk ; carmine, or othcjr similar colouring 

than those to which the apprentice has been aocua- matter ; and a perfume, such as otto of roses. Each 

tomed. So far as the apprentice is concerned, his of these constituents brings to the material some 

ehoiee should be determined by a consideration of valuable property. The gum confers toughness, 

his pro8|)ects in the workroom in which he has been which enables the material to stand the stniin of 

trained. Technically, a young mechanic who has considerable force without fracturing, as a more 

just completed his apprenticeship, and has brittle substance would ; the fat renders tlie 

fibtained his first lierth as mechanic, is known matorfal capable of being softened by heat and 

08 an Improver; but the distinction concerns only thoroughly pliable when softened; the French chalk 

the rote of wages which he is supposed to be gives body to the whole, rendering it firm, giving a 

worth to his employer. From this position he hold to the gum, and counteracting the too great 

passes to that of mechanic. With the financial plasticity of a hot mixture of gum and fat; the 

aspect of dental mechanics we have already dealt colouring matter and perfume are intended to render 

[8?e page 6773]. the material more attractive, and so minimise the 

In preparing a set of artificial teeth to take the disagreeable effects of placing a largo quantity of this 
place of natural teetli which have been lost it is hot, soft material in the mouth, 
foiuid botli convenient and ccmducive to accurate I^aster of Paris is of an entirely different character, 
working to carry out a great iwt of the process in This is found in nature in the form of gypsum 

the absence of tii© patient. This can be done if an [see pag? 648]. The latter is purified and then 

accurate copy of the surfaces in the mouth to which slowly dried at a moderate tem\>erature, vrith the 

the Artificial teeth ore to bo attached be first pro-^ object of driving off a portion of the water which 
cured. Such a copy is called a model. W is held in combination. The result is plaster of Pfvria 
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in tJie form of a soft powder, which has the property, 
when mixed with water, of taking up a definite 
quantity of the latter in combination, and so revert- 
ing to the hard, dense gypsum form. The time 
occupied by this process is approximately four and 
half minutes. 

The Preparation of Plaster of Paris. 

Plaster of Paris is much used in the dental work- 
room, and servos a variety of useful pur|>OHes ; it 
is of im|)ortanoe, therefore, that the best methods 
of using it should be clearly understood at the outset. 
To obtain the best results it is im}X)rtant to make a 
uniform mix time of the plaster with the water. 
For the finer oi)ertttions, such as impression -taking, 
the best quality of plaster should bo used in order to 
ensure uniformity of quality. 

A small quantity of water should be plac/Cd in an 
earthenware or niblier basin, and plaster of Paris 
added carefully with a spoon until just enough has 
been placed in the basin to make a mixture of the 
consistency of thick cream. A little excess of water 
is generally seen uj>on the surface of the mixture, 
and this should be first poured off. The mixture is 
then thoroughly stirred with a 8j>oon, and any 
lnm])s which may by accident have been formed 
should he carefully flattened out and thoroughly 
incorporated with the whole. The ]fiaster is now in a 
condition to receive an impress, 
and, after being placed in the 
desired position, should be held 
firmly in place until it has set, 
and then carefully removed. 

The procsess of taking an im- 
pression is necessarily disagree- 
able to the patient, and it is 
therefore desirable to reduce as 
nuich us jiossible the time during 
which the impression material 
must remain in the mouth. 

This can bt^ effected, in the 
use of the first three materials 
named above, by cooling the 
surface of the material for a 
moment just before inserting it 
into the mouth, and by syringing 
the mouth, or sponging the 
material while in the moutli, 
with cold water. Cooling the material in this way 
accelerates the process of hardening, and thus 
reduces the time occupied by as much as one or even 
two minutes. In dealing with plaster of Paris a 
similar result can be achieved by the use of warm 
water in mixing, and still more effectually by the 
addition of a Tittle common salt, or, better, a 
little potassium alum, to the water before incor- 
porating the plaster of Paris with it. The use of 
alum in the mixing of plaster has another distinct 
advantage in that it controls, and to a large extent 
prevents, that expansion which takes place in plaster 
of Paris as it is setting, and which tends to introduce 
an element of inaccuracy into the results obtainable. 

The Importance of Accuracy. The 
importance of obtaining in the first place an im- 
pression of the mouth which shall afford a copy of 
the surface required as nearly ]>erfect as is iiossible 
cannot be overestimated, for the most skilful 
performance of the later processes of the work con 
never compensate for, or overcome, the faults of the 
original model. In respect of accuracy, there can 
be no doubt that plaster of Paris is a far more 
efficient impression -taking material than the others 
mentioneil, and this can be readily demonstrated by 
anyone who will take the trouble of experimenting 
with the materials, as by obtaining a copy of the 


fine lines and furrows of the thumb. There are, 
however, other considerations of a teclmical nature 
which concern the dentist rather than the dental 
mechanic or pupil, and which will in many cases 
determine the choice of material in favour of one 
or the other substances, of which the various com- 
jtositions are especially useful. From the point of 
view of the mechanic and pupil, the work begins 
when the dentist puts into their hands the impres- 
sion which he has obtained from the patient's 
mouth. The impression is contained in a small 
metal cu}> or tray so 8h«j)ed as to fit the jaw and to 
retain the impression material and prevent it from 
spreading too far or escaping into the mouth. Two 
tjqies of trays are required, the one being adapted 
for taking an imiM-essjon of the iipjHJr jaw, the otlier 
being adapted to the lower jaw [2 and 3] ; a variety 
of sizes is also required, since there is a good deal 
of difference in the size of the jaw in individuals. 

MaKing the Model, The mechanic, having 
been supplied with an impression, which is virtually 
n reverse copy of the jaws, has first to make a 
“ model,” or true copy, of the surfaces to which the 
artificial teeth are to l)e attached. This he does by 
using the impression us a mould, and pouring into it 
Homc! fluid plaster of Paris. The same care should 
|je employed in order to obtain a imiforin mixture as 
enjoined above. A small portion 
of th '-‘ mix(^d idaster is first place^l 
in the im])ression, and well 
slmktm into place, so that every 
]wtiot\ of it is filled, and any 
bubbles of air broken up. A 
second portion of phis ter is now 
})laced on the bench, and the 
two portions united by turning 
the im]iression upside down ; 
the plaster is then smoothed 
and trimmed with sloping sides, 
cure being taken that the tray 
is fixed horizontally. 

When the plaster has com- 
pletely sot, the imptession in ita 
tray has to be removed. If, in 
taking the impression, use hjis 
Ijeen made of one of those 
materials which are softened 
by heat, the senaration is readily effected by placing 
the whole in a basin of hot water for a few minutes, 
and then pulling off the softened material. If, 
however, the impression has been taken in plaster of 
Paris, it is necessary to prevent a complete txdhesion 
between the plaster of the impreiJsion and the fluid 
plaster j)Our^ into it to form the model. This is 
offec»ted by washing the plaster impression over with 
fine oil or a solution of soap in water to which has 
been added a little colouring matter, such as carmine. 
The fluid plaster is then i^oured into the impression, 
and tlie model fonnod ius described above. 

When the plaster is thoroughly hardened, the 
whole should be plunged into hot water, the metal 
tra3^ is then detached, and the plaster of the impres- 
sion is chipped away with a jienknife, the colouring 
matter serving as a guide to direct the chipping- 
away j)roce88. The model thus obtained is now cut to 
shape by trimming away surplus plaster and carefully 
smoothed until it tokes the form shown in 6. 

The Metal Plate. If it is decided that the 
teeth shall be sunported upon a metal jfiate to be 
worn in the moutli, the moael is at this stage slowly 
dried in an oven, and then dipped for a few minutes 
in some melted stearin. This serves to render 
the surface smooth and not easily rubbed or injured. 
With a pencil the model is then marked to show the 
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extent to wliioh the jaws and palate are to be covered 
with the metal ]>late ; and with these marks as a 
guide, a piece of thin pa})or, or, better, a piece of 
lead beaten out very thin, is then cut of the exact 
size of the plate required. Taking this a j)attern, 
the metal is cut to size. 

Of the metals used for this purpose gold plate 
IH carats tine and of gauge No. 7 for the upper 
jaw, and of about No. 9 for the lower jaw, is the 
most serviceable for general use : but under certain 
cireumstanei^ an alloy of silver and platinummay be 
advantageously employed. In order to make this 
plate take the desired shape it is necessary to 
employ a motlel of greater strength and durability 
than plaster atfords, and for this purpose metallic 
models must be obtained. These are called dies 
and counter-dies. 

Die MaKing. The die is a duplicate of the 
])laHter of Paris model. Pirst a ring of iron is obtained, 
of about 5 in. diameter, ^ in. in thickness, and 3% iu. 
in height. The model is carefully dusted with 
j>owdere(l French chalk, and then placed upon the 
work bench and surroimded with the iron ring. Some 
fine sand is then moistened sufficiently to render it 
slightly idastie and capable of binding, in much 
the same way as snow binds in a snowball. This 
is firmly packed into the ring around the model and 
above the latter until the ring is filled flush with its 
rim. The ring and its eontemts are now reversed 
upon the work-heneh so that the base of the model 
becomes uppermost. 

7’he next step is to remove the model from the 
sand. This is elTected by attaching a small handle 
to the base of the model by means of shellac, and 
withdrawing the model carefully by this handle, 
the model being in the meantime continually tapped 
with a small hammer in order to detach small 
particles of .sand which may adliere to it. 

Hut it is not always possible to obtain an accurate 
and satisfactory impression of the model in sand in 
the simple way just described. It will be found 
that many models prt'sent inequalities and over- 
hanging ]mrls, technically known as undercuts, 
which, if the sand were packed round the model n 
the manner de<cribed, would obtain such a hoi I on 
the san 1 that the model could not be withdrawn 
without breaking away a portion of the sand 
impression. When those inequalities are present 
only in jiarts of the model which it is not desired 
to reproduce in the mebd die — as, for instance, 
along the outer sides of the model — the difficulty 
is readily overcome by filling up the inequah’tics 
flush with the general surface by means of beeswax 
softened by heat. The wax is then carefully dusted 
with French chalk to prevent adhesion to the sand. 
It will not infrequently hapj^en, however, that the 
jaw takes such a form that even the parts that it is 
moat important to reproduce accuratelv will present 
undercuts, which constitute a serious difficulty. This 
may be dealt with satisfactorily in some cases by 
tilting the model within the sand-ring at a judicious 
angle before packing the snnd around it ; but in 
other eases resort must be liml to a device which is 
technically known as core-making. 

Core«inaking. The model is carefully oiled 
to prevent adhesion, and a small portion of a 
mixture of plasU'r of Paris (two parts), fireclay 
(oue part), find water, is then placed upon the 
model so as to fill up the undercut or dovetailed 
j)ortion of the latter. While “ setting ” the new 
plaster is carefully trimmed to such a slope that 
it offers uo inequalities which can hold it in the 
sand, and the little muss is then split into two or| 
more pieces of such a shape that they can be separ- 
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ately removed from the model. These pieces are 
known ns cores.” They are placed in position on 
the model after l)eing carefully dried, and the whole 
used to obtain an impression in sand. When the 
model is withdrawn the cores remain attached to 
the model and can readily be placed separately in 
their true position in the sand mould, and the result 
is an ficcurate reverse copy of the model. The sand 
reverse, having been obtained by one or other of 
the methods described, is then us^ as a mould, into 
which is poured molten metal. 

Metals used in Making Dies. Of the 
metals used for this purpose ?inc possesses 
general })ro|>ertieB which render it on the whole 
the most serviceable. Two or three such metal 
dies and counter-dies will be necessary, since 
they tend to deteriorate under the blows of 
the hammer or the swaging process to which 
they are subsequently subjected, and it is often 
of advantage to have at least one die and counter- 
dio made of a different metal, such as tin, or of 
an alloy of tin with antimony in the proj)oriion of 
of five lo one, or of tin and zinc in the pro|)ortioti 
of two to one. Such dies are more resistant than those 
made of zinc or lead, and arc of great use in giving 
the metal ])late its fine fitting to the model. Using 
these dies, reverses or countor-dies can be obtained 
by )>lacing the die again within the casting-ring, 
and jmcking slightly moistened sand round, but not 
over, the die. This leaves ex|K)8ed the parts of the 
zinc die to which the plate has to l>e fitted, and if this 
is carefully dusted over with French (;halk before 
further moltt‘n metal Ik-! added, the two portions of 
metal (‘an be scjiarated when cool [5J. For the 
counter-die lead, or an alloy of lead with tin in various 
proiiortions, is generally used. The metal should be 
melted down in a large cast-iron ladle placed over a 
gas-stove, and to prevent contamination different 
ladles should be used for the different metals or 
alloys employed. To obtain the best results it is 
necessary to take care, first, to moisten the sand 
to the right degree ; seconcily, to avoid oxidising 
the molten metal by ovorhonting; and, thirdly, 
to }K)ur the metal when it is sufficiently fluid to pour 
readily and yot so cool as to be almost solidifying. 

The Arrangement of the Teeth. Dental 
mechanics is so largely concerned with the attempt 
to reproduce natural conditions, and supply, by 
artificial t-eeth, the place and jx)sition of natural 
organs which have been lost, that it is of the highest 
importance that anyone who undertakes this work 
should make himself thoroughly familiar with the 
conditions which ]irevail naturally. 

The arrangement of the teeth in a healthy, well- 
armed mourn is found to be that which is best 
adapted to the work which the teeth and jaws have 
to perform, and in providing artificial substitutes 
the best results are obtained \imen the general scheme 
of the natural teeth is closely followed. Mechanical 
laws are, indeed, found to underlie the arrangement 
which Natures has selected, and these laws apply 
generally when the natural teeth have given place 
to those made of |>orcelain. If, then, the skull of 
a normal healthy adult with well-formed jaws and a 
complete set of natural teeth be carefully examined, 
a knowledge of the conditions prevailing and the 
principles involved may be obtained, which will 
eonstitnte a useful guide when the artificial denture, 
as it is called, has to be constructed. 

The teeth, then, are seen to number thirty-two, 
there being sixteen in the upper and the same 
number in the lower jaw. The general conformation 
of the jaws and the arrangement of the teeth thus 
render it apparent that each jaw is divisible into a 



pair, there being a right and a left side. The two 
sides correspond very closely ; in each the teeth are 
set upon a he»ped-up ridge of bone which runs round 
the jaws and forms its margin. The general arrange- 
mrat of the teeth on each side is that of a curved 
line, so that the two sides combine to form, not a 
circle, but an arch, of which the part which is seen 
from the front fairly represents a part of a circle, 
while at the back the two extremities open out to 
form, as it wore, two horns. It is next seen that 
the various teeth differ within fairly wide limits 
in re8iX3ct of their general shape and size, and 
here, again, the jaw is symmetrical, so that a 
description of one side will apply equally to the 
other. Starting, therefore, from the mid -lino of 
the mouth in front — that is, at the summit 
of the arch — we find, first, three teeth with 
sharp cut- 
ting edges, 
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from this ciroumstunce. In this region the curve 
begins to corresynmd to a circle of somewhat larger 
circumference than that which obtains in the front 
of the mouth, and, as we progress backwards, the 
lino gradually departs further and further from 
the circle. 

After the canine come two teeth which closely 
but not p^fectly resemble each other ; these ore 
calltid “ bicuspid ’* teeth, owing to the circumstance 
that their chewing surface, which varies from oval 
to square in general outline, carries two cusps or 
blunt points, which fit in with similar prominences 
on the teeth of the opp)site jaw. The line of teeth 
is completed by three large “ molars,” massive 
teeth with a large grinding surface, upon which 
are four or five prominences or cusps. The 

last tooth of the series - that is to say, the third 
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7. SEUBcrriON of porcelain teeth 

<» and 6. For upper niotttl plates e. Upper vulcanite plates d. Lower vulcanite plates e. I'ppet’sud lower vulcauite plates 


Generally speaking, wo may say that the first 
three teeth serve the purpose of cutting or 
tearing the food, while the last five cru'h and 
grind the pieces of food between their opposing 
surfaces. More particularly described, the first 
or “ central ” tcK>th in the upper jaw is a broad 
tooth with a long and sharj) cutting edge, the 
general shape being that of a wedge. The second 
or ” lateral corresponds with it fairly well, so far 
as general build is concerned, but is considerably 
narrower. In the lower jaw, the central is even 
narrower than the lateral [7], The third or 
“ canine ” is a long, prominent, and strong-looking 
tooth, with its cutting edge carried up into a 
point ; it boars some resemblance to the cor- 
responding tooth in the mouth of carnivorous 
animals, such as the dog, and derives its name 


An artificial denture, as a sot of t^th is called, 
attempts to reproduce all, or any, of these teeth in 
a natural jK)sition, except the wisdom tooth, which 
is considered unnet^essary, and can be omitted for 
the sake of making the denture as light and as 
little oumbersonie as is consistent with efficiency. 

The artificial teeth used by dentists are made of 
porcelain, which is placwl in a plastic condition in 
moulds formed from natural teeth which have been 
extracted, and is then fused at a high temperature. 
The teeth are 8ui»piied by manufacturer, who make 
them in an immense variety of shapes, colour- 
shades, and peculiar forms to imitate natural 
conditions. As the artificial teeth are to rest on the 
gums, instetid of being inserted into the jaws as the 
natural teeth arc, they, of course, have no root or 
fang, consisting of crown only. In the process of 
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their manufacture, two Hinitll pins, made of platimnn, 
are fused into the body of the tooth, and it is by 
moans of these pins that the artificial tooth is 
attached to the plate on which they are supported. 
It is very necessary that the dentist should have at 
his disposal a very large selection of artificial teeth 
from which to choose a set for each particular case. 
The natural teeth vary within enormous limits, there 
being marked differences not only in size and 
eneral shape and curious individual markings [7], 
ut also in the manner in which the teeth are 
disposed along the ridge of the jaw and in relation 
to one another. 

Selecting the Teeth. It is commonly 
thought that all artificial teeth should be small, of 
,a ]x?arly transluocncy, and arranged in a perfectly 
regular sccpicncc around the jaws : but no opinion 
could be juore completely erroneous. A set of 
artificial teeth of this kind is not only in many cases 
positively ugly, but it gives at once the appearance 
of being utterly out of place in the majority of 
inoiiths, and at once reveals to mi ordinarily obser- 
vant person the patent fact that the teeth are not 
natural. In natural conditions, it is very common 
to find one tooth in the front of the mouth slightly 
overlapping its neighbours, or standing forward 
somewhat prominently, or, again, set in the jaw at 
an angle not perfectly corresponding to that of the 
other te<*fli. 

Thi 'Hc slight irregularities, present sometimes on 
one side of the mouth, and in other (jases symmet- 
rical, give character and expression to the teeth, 
and theur absence often robs of all its individuality 
a smile that would otherwise be charming. Suit- 
ability of colour is, again, of great importance. 
There are men whose general build, physique, and 
complexion would lead anyone who was accustomed 
to observe W’hat eonditions prevail naturally to 
ex}>ecl to find broad, yellowish, bony, strong- 
looking teeth ; while in other cases long, slender, 
almost transparent teeth, slightly blue at the tip, 
would seem essential to a proper conformity with the 
rest of the features. In the selection of teeth, there- 
fore, it will he seen that there is a scope, and indeed 
a demand, for the exercise of no little judgment, 
based upon careful observation and directed by 
trained artistic ))creeption. 

Fitting the Teeth. In the workroom, 
these porcelain teeth have to be fitted to the plaster 
model which has been obtained in the manner 
described. When the patient is young, and in cases 
whores the natural teeth have not been entirely lost, 
there is generally a strong and prominent bony 
ridge around the margin of the jaws ; in such cases 
the best results are obtained by carefully fitting the 
porcelain teeth to the gum in such a way that they 
appear to grow out of it, as natural teeth do. To 
this end the porcelain tooth must bo slightly 
Hhortened, and that jiarl which is nearest the gum, 
and is called the neck of the tooth, must l>e 
cut so that it exactly fits against the surface of the 
gum. The cutting and fitting is done by grinding 
the edge with a small stone wheel, which is carried 
on a lathe worked either by treadle or electricity. 
Stones of various sizes are used, and it is best to 
have several kinds ready for use, some for rough 
cutting, others tor fine fitting and smooth finishing. 

When the teeth have been fairly recently ex- 
tracted, the model generally sliow^s slight indentii- 
tions along the ridge which corresponds to the gum, 
and servo as guides for the placing of artificial 
t«eth. As soon as the latter have been roughly 
fitted into place, it is best to place on the model, in|| 


and around the indentations, a little paint composed 
of carmine or vermilion and oil. If this is done, 
and the artificial tooth then placed in position, a 
little paint will adhere to the base of the tooth, 
indicating the spot at which the tooth actually 
touches the model. The tooth should then be 
ground away a little at this point to enable other 
parts of the base to fit into their place. 

Artificial Gums. In the mouths of old 
people, and especially when all the teeth have been 
lost, a peculiar change takes place in the bony ridge, 
leading to its absorption or diminution, so that the 
jaws })re8ent an almost flat surface. In such oases 
it is undesirable to fit the artificial teeth to the gum, 
for reasons which will be obvious, and it becomes 
necessary to provide a substitute for the bony ridge 
on which the teeth should be supported. 

This substitute has two functions to perform. It 
has to prop out the lips, and so prevent that shrunken 
and falling-in appearance which is so characteristic 
of toothless old age ; and it has to support the 
artificial teeth in a natural position. It is, of course, 
very desirable that whatever material is used should 
resemble the natural gum as closely as iK)8sible, and 
be so arranged around the necks of the artificial teeth 
as to give a natural appearance when shown, as it 
is likely to be in smiling. For this purpose vuh an- 
ised indiarnbber, with which a suitable colouring 
matter has been incorporated, is generally used. 

How the Plate ia Fixed. The teeth 
having been selected and fitted 1o their place, the 
next step is to decide in each particular ease how 
the plates carrying the artificial teeth may best 
be retained in their proper position in th(^ mouth. 
There arc three chief methods of attaining this end, 
known us the methods of adhesion or suction, of 
elaH))s, and of springs. The method of adhesion 
depends upon the fact that if two surfaces which fit 
accurately to each other be moistened, and then 
closely applied to each other, so that there is no 
intervening air, atmospheric })ressure will tend to 
hold them together so that they c;annot easily bo 
displaced by a direct pull ut right angles to the 
surfaces. A plate carrying artificial teeth and 
accurately fitting against a large portion of the 
palate and gums will, in many cases, be sufficiently 
adhesive to retain its place. 

This method is specially useful in dealing with 
mouths in which all the natural teeth have been 
lemovcd, as in these circumstances it is possible to 
obtain a more })erfect fit, and the dentist is deprived 
of the assistance which con be derived in other cases 
by the use of clasps. These clasj® are small bands or 
catches made of springy gold plate, Ifi carats fine, 
and of gauge No. 8 in tmekness, which are bout with 
the pliers to a shape suitable for clasping the natural 
teeth (4 and 6]. One or more of the natural teeth 
on each side of the jaw are selected for this purpose. 
The clasps, which have been fitted in this manner, 
arc then fastened to the plate which is to carry the 
artificial teeth, and serve to attach the plate to the 
natural teeth when the plate is in position. 

It occasionally happens, however, that the dentist 
has to deal with a ease in which no natural teeth 
arc standing, and in which the force of adhesion is 
insufficient to retain the plate. In these circum* 
stances he htis to resort to springs, which are coils 
of fine ^old wire, about ^ in. in length, and about 
,V. in. in diameter. The ends are attached to small 
swivels inserted into the upper and lower plate on 
the same side of the jaw. On each side of the jaw 
the spring, therefore, forms a kind of hinge upon 
which the plates open and shut. 
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THE wonderful perfection of printing machines 
^ notwithstanding, the pressman is still the 
indispensable artist, without whose touch good 
work is impossible. The ancient pressman 
packed the inside of the tympan with cloth and 
paper, and overlaid the front of it to bring up 
a level impression. In respect of this branch of 
our art we have made very little advance. On 
improved hand press, on single cylinder, on 
perfecter, and on platen machine, packing and 
patching must be done. 

Making Ready on the Hand Press. 
The object aimed at in packing the tympan of 
the hand press block [ 42 ] is to put iK^tweeii the 
typo and the platen a solid, smooth, and elastic 
pad, thus finely graduating the impression. 
Some printers fill the tympan tightly, but 
that is a bad practice, tending to slacken the 
skins. Take about a doztni sheets of thin, 
rolled papt'r, of size that fits nicely into the 
frame, lay half of them smoothly on the bare 
skill, fold a flaimel sheet, so as to make three 
plies of the proper size, and lay it on. Put the 
rest of the sheets in, and fix tlici frame. No one, 
of course, works with a bare tympan face. For 
every job a new sheet of paper is jiasted on it. 
Paste carefully round the (5dge of the paper, 
to the breadth of half an inch, and lay it evenly 
on the skin, fiirnly stretching it. Tf you have 
time to let it dry, a damped shijct will give a 
sheet as tight as a drum, and much nicer to work 
than a slack one. The cutting of the frisket 
is a simple operation, and calls for no guidani^e. 
Simply take a heavy impression of the page or 
pages, and cut out the impression. 

Overlays. Except in newspajier t‘stab- 
lishments, the overlay is the best jiart of a 
pressman’s work, and we may here consider it 
broadly, for the principle is the same in all 
printing machines. However well made, type 
shows little irregularities, especially if it lias 
been used. All forms of type do not require 
the same impression ; a broad-faced type 
needs a stronger impression than a small, 
sharp type ; even in books, four or live different 
facets and sizes of type may be in a page ; given 
a perfectly true tympan, or platen, or cylinder, 
these inequalities of the typo must l>e made up. 
The overlay is the sheet or sheets of papier 
patched up* to make the page appear even and 
uniform Having taken an impression, you 
mark all the inequalities, and put pasted patches 
of paper, thin and thick, as may seem necessary, 
on it, then paste the whole sheet evenly on the 
tympan or cylinder. If, after graduating the 
patches to the very best of his ability, the 
pressman finds his impression seamy, he should 
paste a clean sheet over the overlay, thus 


smoothing out the lines. Coarse patching is a 
serious fault, howewer, and cannot be palliated 
by any device. For fine work, as many as four 
overlays may be required. Beginners blunder in 
forgetting the fact that all impression is relative. 
The objec-it to Ih) aimed at is balance. A v'cak 
impression in one part is not to be corrticted at 
the expense of the impression which is just, and 
by raising the weak impression you may lower 
the part which was strong. The best ])lan is 
to try to find the medium, and work round it. 

Underlays. Sometimes the inequalities on 
the 8urfa(!C of a page or slieet are too great to 
be overcome by patching an overlay. No 
overlay should exceed, at any one part, the 
thickness of a strong sheet of papt^r. Where 
more is net'ded something else must be done. 
Badly worn t3^pe, stereotype plates, and blocks 
badly mounted or printeci beside type, give low 
impressions, and brass rules give high ones, 
which (;an hardly be corrected by the overlay. 
The lovst is made even by a device of its own ; 
but blocks and low linos of worn ty^ are 
helped by what is called the underlay. The 
forme must be lifted and carefully brushed over, 
and pieces of paper, or card, pasted 
on the type or blocks requiring treat- 
ment. In the case of blocks, the safer 
plan is to unlock the forme, lift out the 
blocks, paste the caid on the bottom 
needed to 
bring them 
to the profHJr 
height ; then 
lock up the 
forme again, 
plane it 
down firmly, 
and make a 
trial impres- 
sion. 

Bearers. 

Brass rules 
do not wear 
down so 
readily as type, and they have sharp ends. 
These rules are used to make the lines which 
compose tables, or divisions of sections of 
pages, and when printed with type are apt to 
cut deeply when the rest of the forme may give 
a good impression. To remedy this, the press- 
man resorts to hearers^ pieces of lead calU^ 
clumps, made type high, set outside the forme 
even with the brass rules. As their name 
signifies, these bear away the weight of the 
impression at those particular points, and make 
the brass rules print equally with the type. 
When the figures of the page folios stand 
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far out from the body of the page, or flhoi*t and 
broken pages make up the forme, bearers are 
needed to carry ofE the weight of the impression. 

Register and Casting. It is a canon of 
the printing art that consecutive pages should lie 
square, one on the other. This is termed register, 
T(3 obtain register easily, the pressman has 
mode t ools named long thin pieces of iron, 

shaix'd like a screw-key, with a point sticking 
up in the handle. These are fastened with 
small screws In the very centre of the forme, 
one at ouch side, and make two holers in the 
sheet as it is printed. If the pages of the forme 
have been properly imposed, the pins will 
enter the same holes when the sheet is reversed. 
As a consequence, the pages will fall correctly 
on the back of the pages corresponding. 

Tlie sheets of books and newspapem arc printed 
rapidly on both sides, on(^ side after the other, and 
til (5 ink on the sheet first printed, being wet, 
U*aves a mark on the second cylinder which 
grows blacker with every impression, Tf left alone, 
the one side of the sheet would quickly present 
th(» appearance of having been printed twice 
and become a mere mass of smudges. Prepara- 
tory to starting work, the pressman soaks thin 
s]ic<^ts of paper of the si 7.0 required in benzene 
oi' oil. dries them, and as soon as his tympan 
or cylinder shows signs of casting^ pasties one on, 
renewing the sheet as necessary. The oil or bon- 
ze mo absorbs the ink, and keeps the pages clean. 

Getting Ready to Print. In the old 

days the forme was locked up on the hand 
pr(‘ss by means of wooden furniture, and 
sidcstieks. Later, however, the hand press 
Avas fitted with a chase, slotted on the inner 
sides, and fitted with steel bars, one of which 
was a double wedge ; the bam could be fitted 
to any size of forme. On the plat en of th(‘, press 
a notch marks the centres and by means of a 
gauge the centre from front to hack is best 
found. Then the quoins are driven in, and a 
t-ouch with the mallet and planer sets it on its 
feet, or ought to. Meanwhile the pressman’s 
assistant has taken a portion of ink from the 
can, and smoothly spre^ it along the back 
half of the table. He lifts down his roller, and 
lots it touch the ink, rolling it firmly on the' 
table till the smooth zinc is a glistening black. 
When the roller is fully clad, the inker is ready 
to l)cgin. The paper is banked, and the bench 
bared to ix?ceive the printed shec^ts. All the 
other operations have been already described, 
and we now let the pressman lay on his sheet 
and begin work. 

Preparation of Cylinders. For cylinder 
machines there are two methods of packing, 
soft packing and hard packing, both of Avhieh 
have special merits. Soft packing is the 
older method, and is still preferred for general 
work. At each edge of the opening in the 
cylinder are fixed two steel bars. These are the 
clinchers of the cylinder packing. Loosen and 
take them out. Have a largo piece of calico, 
capable of covering the cylinder when doubled ; 
double it ; Jock the one side within the bar 
and pull tight, gripping it at the other side^ 
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Paste together at one end about a dozen 
thin sheets of paper ; fix in, and draw them 
t^ut over all but the blanket, which is then 
put in. Bnish the tjrpe-carriago table well; 
lay the forme in, and lock it round, giving 
it a gentle smoothing with mallet and planer. 
Though the forme may be properly placed, 
the cylinder may either crush heavily on it 
t)r fail to touch it. To adjust this is to find 
the pitchy according to the slang of the trade. 
Every size of forme has its own pitch. But 
a gauge should lie ready to the pressman’s 
hand, which gives the pitch of the machine for 
('very size and margin. If not, put a spot of 
ink the edge of the cylinder, and turn slowly, 
setting the forme in position so that the ink 
will touch the impression bearer. The margin 
has been obtained, but the impression may \-o 
too light or too heavy. 

In the first place, the attempt should be made 
io lighten the impression by taking off some of 
the packing on the cylinder, or by putting more 
in to make it heavier ; but if that does not serve, 
the regulating screws at each end of the cylinder 
must be slackened to lighten, or tightened to 
deepen the impression. As the balance of th(i 
cylinders in many machines is so easily lost, and 
so difficult to recover, the practice of resorting to 
the screws to change the impression is not one 
to be recommended to beginners. 

In hard packing, simply stretch a sheet of 
fine cardboard in place of the calico, use glazed 
pai)er for the packing, and instead of the blanket, 
put a strong sheet of glazed paper on top. Hard 
pa(;king gives a fine clear impression, and serves 
very well for printing light- blocks ; but the 
cylinder has not the resilience and smoothness 
in running desirable in high-class hook-work. 

Inking Up. At the end of every ink table of 
a cylinder machine is the ink-duct, well filled 
with ink, and geared so as to give out a regular 
supply to the mixing rollers working beside it. 
The outlet is governed by a set of screws in the 
back of the duct, and the pressman can restrict 
or enlarge the supply at will. The best arrange- 
ment is that which gives seven rollers to the 
forme, arranged three and two and two ; the 
mixers or vibrators, that never leave the table, 
two that run up to nearly the head of the table 
and just cover the forme, and two that roll over 
two-thirds of the ink-table and ovemin the forme. 
The first set of rollers mix the ink, the second 
carry a large share of ink to the type, and the 
Ihird spread the ink well over the type and 
table. The table must be clear os a dark mirror, 
and the rollers free from lumps and skins of ink, 
or those dirty black spots called monks will 
appear on the sheets and spoil the work ; on the 
other hand, the pale friars will show on the pages 
if the ink is stinted in supply or the rollers jump. 

These directions form the basis of practice in 
all printing establishments ; at this point, varia- 
tion begins, the character and class of work in 
each place determining the divergence. Firmly 
grounded in the principles of his craft, the 
printer is able to adapt himself to the particular 
requirements of any office. 
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Ninety Thousand Papera an Hour. It 

is in newspaper production that the most wonder- 
ful developments of the printing trade havc^ taken 
shape and arrived at a high pitch of efficiency. 
Perhaps the highest achievements of modem 
mechanical genius are to be seen in the machine- 
room of the newspaper. Stage by stage, the 
newspaper printing machine has been developed, 
till, at the present time, 
from myriad complex 
engines driven at enor- 
mous speed, newspapers, 
folded, cut, and ready to 
read, pour forth in a 
continuous stream. 

The difference between 
a rotary machine and a 
cylinder machine consists 
mainly in the fact that 
while the latter is a 
cylinder revolving on a 
flat type-carriage, the 
former is a series of 
cylinders, sheet and type 
cylinders, running on each other, pair by pair. 
Obviously, a higher rate of speed can be 
developed by two rollers running together than 
hy a cylinder acting with a flat surfaci* losing 
contact every revolution. 

The Rise of the Rotary, Colonel Hoe, 
of New York, was the pioneer in the produc- 
tion of the rotary machine. Tn 1848, Ht)e 
erected a rotary for “ La Patrie,’’ of Paris, 
and some time after installed an improved 
model in a London now'spaper office. Fascinated 
by the promise of immense speed in the 
rotary machine, inventors on both sides of 
the Atlantic were soon busy devising new 
machines on that principle. In 1865, William 
Bullfwk, of Philadelphia, devised an apparatus 
for feeding a rotary machine with the web 
of paper, producing the first automatic 
printing machine. In 1866, the proprietor of 


rival engineei-B, each one trying to go one better 
than his rivals. Messrs. Hoe continued to add 
improvements to their machines, and the “ Hex^ ” 
as it at present stands is probably the most 
perfect of its class. 

Here and there the printer may come into 
charge of some of the lesser known iiitichines ; 
but those most in use are the Victory, tl^e 
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Marinoni, the Whitofriars, the Cottrell, and the 
Hoe, and to these we will devotee dot ailed attention. 

The Victory. The Victory is a very 
compltite rotary macihine, and prints at the rat<^ 
of 12,1 HK) copies per hour, delivering them foldcnl 
and ready. The type and impression cylinders 
revolve on each other in the centre of tlie 
machine. At the back, lianging clear of the 
floor, is the pajXT web, damped on both sides by 
a couple of ingeniously contrived sprays. ^Phe 
damped paper travels high overhead to the 
centre of the machine, where it descends to re- 
ceive its first impression on the inner forme, and 
winding round the impression cylinder it is 
carried up Iietween the second pair of cylinders, 
there receiving the second and perfecting 
impression. Thence, on small guiding rollers, the 
continuous sheet is conveyed through the cutting 
cylinders, and into the human-like fingers of the 
folding apparatus. The 
inking arrangc^nients are 
well conceived. Bcliind 
each typ<' cylinder range 
a series of rollers, exti‘nd- 
ing from each hik-duct. 
First a feeder roller, then 
four vibrating rollers 
turning on the ink cylin- 
der, and next, two rollers 
running between the tyj.H^ 
and ink cylinders. 

The Marinoni 
Rotary. Without its 
delivering apparatus, the 
Marinoni would closely 
rest^mblo a calendering 
machine [see page 6747]. 
Ink -duct and rollers, type and impression cylin- 
ders, and again inking apparatus, are piled above 
one another. The two midmost cylinders are the 
agents of impression ; above and below them 
revolve the type cylinders, and at top and bottom, 
ranged in a graded series, are the inkers. It is worth 
while noting the separate features of this machine. 
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“ The Times,” and his staff, built the Walter 
Press, printing from the web. Another forward 
step was made by the invention of the “ Victory 
Web Printing and Folding Machine,” by which 
the automatic character of the printing machine 
was practically completed. The rest of the 
story is a record of the competitive efforts of 
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At the back of the body of the machine hangs 
the paper web, from which the pajx^r winds 
under the damping apparatus and up between 
two smoothing rollers into the tier of cylinders. 
Led round the upper impression cylinder, 
it is brought into contact with tlie higher type 
cylinder, and then passes down between the 
lower pair, and through the cutting cylinders, 
thence with automatic precision to one and 
another of the four delivery boards in succession. 
Like all rotary machines, the Marinoni is well 
furnished with inking rollers. Prom the ink- 
duct, sitting well within the machine, four 
rollers act tm one another as mixers, the last 
of the series playing in contact with the ink 
cylinder, round which run three small rollers 
in addition to the pair of distributing rollers 
revolving betwt^tm the typo and ink cylinders. 
The original Marinoni has been greatly imj)roved. 
For certain clasfK^s of w'ork the cutting (jylinders 
can be reversed and mtvde to cut the paper 
l>efore it enters on printing, and a gearing has 


to be worked in sheets on hand. The plates 
have been curved, screwed on the cylinder, the 
impression adjusted, and the inking rollers 
placed. A feed board lies above each end of the 
machine, and on these the sheets are laid, the 
smooth side up on the one, and down on the 
other. It should be said that the machine 
is fully taped to guide the sheets and send them 
out straight. When the machine starts, the 
sheets follow each other, one from each board 
alternately, at the rate of 4,000 an hour, and run 
through between the cylinders, coming out on 
to the descending tai^es, and beaten flat on to the 
receiving board at the bottom by a flyer hinged 
near the base of the machine. Fitted up f(;r 
a newspaper, the Wliitefriars has its feeding 
boards taken off. Instead, a web is hung under 
the fore end of the machine, and a pair of cut- 
iing cylinders, with knife, geared in front of the 
feeding apparatus. If it be desired, a folding 
and cutting apparatus can be worked just above 
the delivery board for a newspaper. 
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devised whereby two rolls of paper hang 
Iwbind the machine, keeping up a constant 
supply, the one coming into use os the other is 
exhausted, and the empty roll being replaced by 
a fresh web. 

The Whitefriars, Originally intended to 
be a fast perfecting two-feeder, this machine 
has been adapted to the web, and may be de- 
scribed as a useful medium between the newspaper 
and the book machines. In shape the White- 
friars differs greatly from all the other rotaries. 
It resembles a bridge, the four principal cylinders 
resting on the arch. The plate cylinders, wdiich 
are in the centre of the structure, are curved 
spirally, with grooves cut and under-cut, so as 
to enaole the screw-catches to travel to any part 
of the cylinder, and hold the plate securely. 
The size of the plate is of no consequence, as 
the grooves are set so 'that a very small job 
may be worked, and the plates may lx? thick 
or thin. Suppose, first, we have a small bo^ 
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The Cottrell. The Cottrell rotary is princi- 
pally used for printing illustrated magazines, and 
it is on this machine that the Self-Educator is 
printed [ 45 ], It is fitted with a patent shifting 
tympan for preventing off-set, and prints 64 pages 
folded and delivered in four 16-page signatures. 
The cylinders are 64 in. in circumference, taking 
a web 40 in. in width. 

The Hoe. Nothing could be more instruc- 
tive to the student of printing than to glance 
into the textbooks of the printing trade, and 
study the description given in each of the Hoe 
machine. The machine described is the one in 
use at the time at which the book was written, 
and it will he found that the dates of publication 
very nearly correspond to the successive stages 
in the development of this marvellous combina- 
tion of many inventions. The machine hamed 
the quadruple Hoc [ 46 ] is probably the finest 
and most efficient machine at present working. 
Though designated quadruple, it has, in many 
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instances, been convcrk^d into a sextuple 
machine, capable of producing eight^page 
papers at the rate of 72,000 per hour. The 
octuple Hoe [48J will produce the same at 
96,000 IKT hour, while the double octuple [ 44 ], 
with eight folders, will turn out 192,000 of the 
same papers in the hour. 

The Printing of the Daily Mail.** 
About the time when the Ix>ndon streets begin 
to darken, the newspaper printing machines arc 
preparing to start. The student will remember 
that ill our Hecti<m on stereotyping we left the 
curved new8^)aper plates cleared and fined [page 
6557]. Thus clear^ and fined, the plate next 
jjasses on to the boring l)ox. Specially made for the 
purpose, the borer describes the same' an? as the 
surface of the machine cylinder, and the bed is 
the size of the “ Daily Mail page. Protected by 
zinc, the plate is pul. face downwards in the 
circular of the box, and fixed. The knives 
crut to the proper de})th the ribs formed on the 
ril>s of the mould, and at the same time the 


the electric power, and the machine moves. 
The motion is slow, and after the paper has 
gone through, it stops while the foreman or 
his assistant swiftly scans the sheet. If the 
colour, impression, and regist.er are good, the 
word to start is given. In a few moments the 
mass of machinery is flying at terrific speed ; 
the white pa|Hir runs off the reel and into the 
dark maze of cylinders, while from under the 
folders at the other side (jomes a cataract 
of printed, cut, and folded papers. 

Commercial WorK. The jobbing printer 
is the man-of-all-work in his trade. He is the 
general servant of the trading public. Account 
tops, memorandum forms, trade circulars, price- 
lists, and advertisements of many size's come 
his way. Such a variety of work puts a strain 
on a workman’s invention, if ho tries to do it 
well. Very often the feeling of a task too great 
induces slovenliness, hut jobbing firms have 
grown from small to groat because the heads of 
the firm and the staff made every little job a 



cooling plate is pressed to the uniform size. 
Now the plate is ready, and it joins others on 
the hoist, to drop down into the hands of the 
machine man far below in the basement. Every 
hour 100 plates are sent down those hoists. 
An average of 650 plates is produced in a 
single night, using about three tons of metal. 
We follow the plates to the basement. Along 
the walls blocks and tac^kle, running on 
overh(^ad rails, bear h^e reels of })aper, and 
stop in front of towering machines. Through 
the centre of the reel a geared spindle is run, 
and is fixed in place by circular wedgiwj. With 
the help of the hydraulic wall cthikn the reel 
is laid on the machine. Up among the cylinders 
in the heart of the quadruple machine [ 46 ] the 
men are busy. One by one the stereotype plates 
come, and are sent on the cylinders. When 
all are in place the men come down, the paper 
from the reel is led in, and all is ready. By 
touching a small wheel hung horizontally on a 
vertical shaft depending from the side of the 
machine, the leading machine man calls on 


study. Uood printing can Ik* produced as cheaply 
as bad printing. To equip himself for his work, 
the jobbing printer lias to study every detail of 
the trade. For him the hand pw^ss and liand 
rollers, the numerous varieties of typt\ the 
mysteries of making ready, imposition, and even 
stereotyping and the cylinder machine, aiMj 
necessary. 

Display. The jobbing compositor has a 
wider range than the jobbing office ; ho appears 
in the book office and the newspaper establish- 
moat. Advertising has largely developed during 
recent years, and the demand for novel and 
artistic design will continue to grow. The first 
requisite of the display compositor is a thorough 
knowledge of the relations of the various sizes 
of types to ea<!h other and the character of type 
faces. Because he works with letters, the printer 
is apt to forget that his work has a pictorial 
values. The general effect of a poster, for example, 
if rightly designed, will tell the passtsr-by the 
relative importance of the items advertised even 
before he has read it. Newspaper advertipcrs, 
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employing, as they do, a costly rae<hum, 
want value for their money, and the designer 
of the advertisements has it in his power to 
help or hinder the fortunes of his paper. The 
first aim should Xyo clearness, the second bold- 
ness, and the third, but not least, artistic 
unity. 

Platen Machines. Most jobbing olfices 
utilise the platen machine to a greater extent than 
jwiy other. It is at once a very simple and useful 
machine [47J. Within a frame the two main 
parts are set perpendicularly facing each other, 
the one half holding the type-carriage, rollers, 
juid inking apparatus ; the other, the impression 
platen and feeding-board. LcK^ked in a spet;ial 
chase, the type is laid vertically into the carriage, 
and fastened with a bracket screw. The rollers, 
fixed in spring forks, move up and down from 
the inking table on top, over the type, and back 
again, driven by a rod at the side. li(*n at rest, 
the plattn lies at an 
angle of 45^', face up. 

It thus offers a clear 
opening to the feeder, 
and is otherwise easily 
managed. The paper 
biang laid in on the 
platen, the machine 
starts, by treadle or 
power, and the steel 
shaft fixed on the pinion 
wheel draws the two 
parts together, while the 
cam block under the 
platen lets it slip to the 
vertical position. Natur- 
ally, platen and type 
meet, and with turning 
of wheel and cam are 
brought back again to 
the start. The prin- 
ciple of making ready 
on the platen is the 
same as that for cylinder 
machines. Every dif- 
ferent model has s})ccial features of its own, but 
these can readily be learned by a little practical 
observation. 

Colour Printing. Two-colour, three-colour, 
and sometimes four-colour posters, handbills, 
programmes, or other jobbing work come to 
the printer. Let us suppose the printer has 
under! aken to print a poster in rod and blue. His 
best plan is to set up the type as if for a one- 
colour job. After the bill has been sot up, the 
lines for the different colours arc marked, and 
the bill divided into two sections, a skeleton 
being made of each. The blue lines are filled up 
on the red forme with furniture the size of the 
type, and the red lines have a similar substitute 
in the blue forme. If the first forme is property 
printed, and the second forme, accurately gauged, 
is laid exactly in the place of the first, the result 
will be a two-colour bill as regular in its linos as 



if it had been printed in one colour. No matter 
what may be the claas or character of the work, 
the working principle is the same. Accuracy and 
cleanliness arc the chief requirements in colour 
printing. 

Bronsing. Gilding, or bronzing, is accounted 
one of the fine arts of printing ; but the process is 
simple, and easily learned. With good bronze 
dust, two brushes, one for laying on the bronze 
and one for clearing, a clear varnish, a clean, 
hard roller, and type faultlessly clean, the printer 
can produce fine bronzing. The type is lightly 
and evenly rolled with varnish, and the sheet 
printed. Over the wet varnish the bronze, taken 
up in the brush, is genlly laid, and then wiped 
off and rubbed up with the clearing brush. Many 
I)rinting firms fail to produce go(ii gilding, and 
the secret must either lie in poor quality of 
materials or bad workmanship. Clever boys have 
l)eon kno\^Ti to produce beautiful work. 

Art Colour and 
BlocK Printing. In 
the realm of art the 
oldest and newest 
methods of printing 
meet. Wliile it may be 
said that art colour 
printing has been carried 
on for a long period, the 
trade has only become 
important through the 
advent of the electro- 
plate and the process 
block. Tlie latter, in* 
deed, bos given a new 
meaning to art colour 
printing. Process 
ifiocks are reproductions 
of pictures photo- 
graphed on plates of 
copper, and bitten in 
wit^i acids. The absolute 
accuracy of the photo- 
graph gives the jnintcr 
any number of plates 
equal down to the minutest detail. To modify 
these for key- block or outline, and the successive 
colour blocks, is a matter comparatively easy. 
With the production of the blocks the printer 
has very little to do. [Sec Photo-Enoraving.1 
His business is to print well the blocks sup- 
plied. In colour printing register is obviously 
of the highest importance. Every plate must 
fall exactly on the plate printed before it. To 
make sure, in addition to the points on the 
formes, drawing pins are fastened point outward 
in the tympan or cylinder. Overlapng is carried 
to the finest point in the printing of blocks, both 
black and colour. As many os five or six skele- 
tons are frequently made for the overlays of 
blocks. First, the high lights are cut out and 
the deep shades patched ; then gradually the 
scheme is worked till every little detail of the 
picture is effectively brought out. 
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By Professor JAMES LONG 


I30ULTRY FARMING, as distinct from 
^ ordinary poultry keeping, can asyot scarcely 
be described as a distinct industry in this 
country. Many attempts have been made to 
carry on work on isolated lines, witli the result 
that there have been many failures. The farm- 
ing of poultry, however, in conjunction with 
some other industry, is a practical affair, and 
one which can be carried on with compleU' 
success 

Profitable Poultry Keeping. There 
are various ways of keeping large quantities of 
poultry with protit: (1) in conjunction with 
corn farming, stock farming, dairy farming, 
market gardening, orcharding, and, indeed, ait 
industries the basis of whitJx is the land ; (2) 
as a distinct occupation, (a) the fowls being kept 
in confined runs, and (6) the fowls having full 
lil>crty. Mistakes have been made by persons 
who do not understand the subjec^t, in renting 
large areas of poor land under the impression 
that liberty was all that was required. But 
this is a mistake ; poultry, like other domestur 
stock, tlirive best on good land, where they 
find a much larger numlwi* of insects and animal 
life of other kinds, as well as plenty of clover 
and other rich and nourisliing herbage. Tlie 
best plan, however, is to keep poultry on the 
ordinary farm, using movable houses, and at 
such a distance from each other that the birds 
will not mingle in tlu^ breeding season, nor be 
induced to stray and lay where 
their eggs may l)e lost or stolen. 

Where it is necessary to keejj A 
hens in confined runs, these 
runs should he 
large, the grass 
rich, and planted 
with half -standard 
fruit trees, or even, 
in the absence of 
fruit, with standard 
roses, or plants of 
any kind which are 
suitable, and whicli 
are able to return ^ 
a paying crop. The 
■wire fencing itself 
may be made the 
medium of the 
cultivation of either 
fruit or flowers 
which may be 
trained, or which will naturally climb. The 
poultry farmer is not able to pay the rent of 
good lands over which his birds may roam at 
liberty unless it is cultivated and grazed or 
cropped. The movement of large numbers of 

q b8 


poultry is sufficient alone to spoil a grass crop 
intended for hay, so that in most seasons it 
may not even be worth the cutting. 

Urain food for poultry should 1)0 purchased in 
the wholesale market, as at Mark I-^ne. The 
ration should at least three times per week con- 
sist partly of meat or bone, and a supply from a 
dealer in horseflesh should bo arranged for. If 
the paunch of the sheep or bullock can bo 
obtained, well cleaned and cooked, this wnll be 
found the best form of animal food. 

Weight and Composition of the Egg. 

Tlie weights of the average egg of the various 
British and French breeds of poultry were 
carefully taken by Lemoinne, the French 
exi)ert, as follows : 


OX. 

RFR.I 


oz. 

gT8. 

Brown-red Game 

2 

4)9 

Langshans . . 

2 

69 

Buff CochinB 

2 

20 

l*oliBh . . 

2 

22 

LeghornB 

»> 

4)9 

La ElC'Che 

2 

20 

Crdvecajur . . 

2 

33 

CourtcB pattes 

2 

68 

Houdan 

2 

K3 

(Jrey Breasc . . 

1 

30 

Black Bi 

2 

36 

(ruinea Fowls 

1 

13 

Goiirnay 

2 

20 

Hamburghs . . 

1 

30 

Silver-grey l>orkiug« 

1 
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The composition of the egg as ascertained at 
the agricultural experiment station of New 
York 8tate was as follows : 

Twenty-nine e|?g8 analysed (Katioln feed of alimniinoids to 
eaviKdiyuratca, as 1 to 7*27 ; ratio of ash to total dry food, 
as 1 l4) 61*3) : Avera;^f, water, 72 ’83; fat. 11*06 ; albuiniiiuids, 
ItC.'lO ; ash, 0’87 ; total solids, ’27'17. 

Eleven egj 2 ;B analysed (iUitio in feed of ulhninlnoids to 
carbohydrates as 1 to 3*81 ; ratio of ash to total dry food, as 
1 to 27) : Average, water, 76-22 ; fat, 
ft’2H ; nlbiiininoids, 1278 ; ash, 1-45 ; 
total solids, 24*70. 

'I'vventy-two eggs analysi d Ihitio in 
feed of albuminoids to carls »hydrates as 
I to 7 24 ; 'ratio of ash to 
total dry food, os 1 to 
61*1) : Average, water, 
74*27; fat, 0*04; albunii- 
n* 'ids, 1*2 *70 ; ash, 0 74; 
total solids, 25*73. 

In this experi- 
ment the birds mwo 
f('d upon different 
mixtures of food, 
in order to ascertain 
which yielded the 
liest result, albu- 
^ minoids, or flesh 
formers, as albumin, 
fibrin, gluten, and 
casein, being allot- 
ted in (Afferent 
proportions to the 
carbohydrates, or heat givers and fat formers, 
as starch, sugar, oil and fat. No eggs wore 
analysed until the feeding had been continued 
for three months. The average per fowl is 
given on the next page. 
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Proportion of 
alhuiDtunliln tt> 

carbubydrateit iu f«e<l 


Average v 
etCK til 



1 I 1 :v7 i 2 -r»o 

2 ! 1 7-27 83-75 

3-8 I 12-25 

7-24 1 41-42 


56-01 

55-67 

58-70 

52-80 


A largo proportion of starchy or fatty foods, 
such as maize, appears, therefore, to be most 
favourable to egg production. 

Specific ciKWiTV of the Kgo. 


No, 1. Average of 40. . 1-088 ' No. 4. Average of 34. . 1-091 
24,. 1-080 I Brown-slielled .. 1-087 

8. „ Jl.. 1-095 I Whife-ftliolled .. .. 1-092 


No. 1 


Ter CiRNT. OF Shell in Frehh Bogs 




Kjftfn 


AvtTjigeof 40.. 9-98 No. 4. Average of 50 . . 
,, 48.. 9-9.5 llrowii-Rhelled .. 

21.. 10-78 VVhil^-ahelled .. .. 


10-80 

9-90 

10-82 


Kgg (aab 9-2) 
Pigeon dung 
Fowl . . 
Duck . . . . 

OoOBe.. 


16-4 

202 10-0 14-0 


1-0 

10-0 1 5-0 

1-0 

0- 5 17-0 

1- 8-4 


In an investigation made by Messrs. E. and 
\V. Brown, at the poultry farm connected with 
Beading College, the weight of manure produced 
by various kinds of poultry, together with its 
composition and money value, were approxi- 
mately ascertained, and the work was so good 
that it deserves to be recorded for reference. 


First, four fowls, which were fed in confinement, 


wore tested, their weighta being as follow. 

A. Wyandotte 
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PROrOKTlONK 

OK White and 

Yolk (.Shell 

Free). 

No. 1. 

l‘ of 4M t 


36-05 


,, 4.1 

65-2 1 

34-79 

3. 

M -1 

65-33 


4. 

.. 50 

62-38 

37-62 



64-22 

35-78 


Analysis and Weight of Poultry 
Manure. The following figures represent 
the analyses made by the late Dr. Vfndcker, 
and by the gre^at Cerman chemist, Emil Wolff. 


Mtdftturo 01-63 41-06 

fOrgauic matter and amtuonia salts 20-19 38-19 

TrI basic phospliate of lime (bone ] 

rhatc) 2-97 5-13 

Magnesia, alkaline salts, etc. . . . . 2-63 S-IS 

Insoluble silicious matter fsaiul) . . 12-58 12-49 

, 100-00 

|•^-ontailling nitrogen 1-71 

Equal to ammonia 2-09 


cock, weight 6 lb. 
12 o'/i., age 10 
months ; B. Fave- 
rolles hen, weight 
61b. 12oz., age 16 
months ; (X grow- 
ing chicken, weight. 
^ 1!). 12 oz., age 

1 4 weeks ; and j ). 
i a t i e n i n g bird, 
■weight 3 lb. 8 oz., 
age 1 5 weeks. 

In one week in 
June, A produced 
1 lb, 1.*! oz. of 
manure, equal to 
20*8 ]ier cent , of th(' 
weight, of its body ; 
B, 1 lb. llj 07., 
equal to 29 '0 per 
cent. ; C^, I lb. 

2.J oz., equal to 
3t) 8 per cent.*; and 
JI, 1 lb. l.Sj oz., 
equal to .62 per 
cent. Tims, in 
twelve months A 
would produce 94} lb., and B S8J lb., so that 
24 fowls similar to A would yi(‘ld a ton in a 
year, containing 38 lb. of dry matter per bird. 

Quantities and Values of Poultry 
Manure. In a similar test with an Aylesbury 
duck weighing 7 lb. the manure jiroduced in a week 
was 6 lb. 10| oz., equal to 34(5 lb. in a year, or 
76 lb. of dry matter. The turkey tested weighed 
17 lb., and produced 4 lb. 1 J oz. of manure in a 
week, equal to 212 lb. in a year, containing 
63 J lb. of dry matter. Thus it would take G J ducks 
or 10 J turkeys to produce a ton of fresh manure. 
An adult goose produced 10 lb. 1 oz. of manure 
in a week, equal to 523 lb. in a year, containing 
91 lb. of dry matter, so tliat four geese would 
produce nearly a ton of fresh manure in twelve 
mpnths. The oompositiou of the manure 
varied remaikably. Thai of birds at liberty 
contained 69 per cent, of moisture and 40 per 
cent, of dry matter, while that of the birds in 
confinement contained 68 per cent, of moisture 
and 31 per cent, of dry matter, which was much 
richer in nitrogen than either of the previous 
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samples. The manure of ducks contained 
78 per cent, of moisture and 22 per cent, of 
dry matter ; of geese, also at liberty, 82 per 
cent, and 17 per cent., and of turkeys, 74 per 
cent, and 25 per cent. The manure of the 
goose was much the poorest of any, while the 
manure of chickens six months ola was much 


construction, sufficient to shelter from 50 to 
70 hens [89]. Each house should be lightly but 
strongly constructed, especially for securing the 
birds against theft. There should be perches 
fixed 1 ft. or 2 ft. above the floor, according to 
the size of the birds, and nest boxes, which may 
be examined from the outside of the house if 


poorer than that of the adult fowls, and the 
remark applies in a lesser degree to that of 
chickens one month old. We take one example — 
that of poultry at liberty: the composition of 
the manure was as follows : moisture, 59*5 ; 
dry matter, 40*5 ; containing nitrogen, 1*75 ; 
containing phosphoric acid, 1 00 ; containing 
potash, *54 

Estimating nitrogen to be worth 128. per unit 
(1 per cent, per ton), phosphoric acid Ils., and 
potash 4s., Messrs. Brown further estimated the 
value of fresh manure per ton at 26s. 2d. for 
fowls at liberty, 21s. lOd. for fowls in confine- 
ment, 328. 5d. for fattening fowls, lOs. 5d. for 
ducks, 8s. 4d. for geese, and 16s. 2d. for turkeys. 
Supposing, therefore, we take the value of the 
manure produced during the life of a laying hen 
extending to 2J years, we find from the same 
experimenters that it reaches 28. 4|d. 

Poultry » houses and Runs. Some 


necessary, a lid covering them, secured by a pad- 
lock. In some cases, movable houses are provided 
with wooden floors, removable for cleaning, 
about 18 in. from the ground, the space beneath, 
which is enclosed on three sides, becoming a 
shelter for the birds [94]. 

In all cases it is essential to provide light and 
ventilation. The ventilation should be above 
the perches, so that the birds do not roost in 
a draught. Light is essential, for many reasons ; 
it nrevents an accumulation of germ life, while it 
induces the birds to leave the perch earlier in 
the morning and to seek it later at night. 

. Fixed Houses. The lean-to house [90J is 
one that is generally construcUid in the backyard 
or garden of limited space. It is built against a 
wall or fence, from which the roof slopes forward. 
In such a case there should never be many hens 
kept together, six being ample. A run should bo 
attached, and like the house itself, roofed and 


words are necessary in order to define 
the requirements and the form of construc- 
tion which poultry-houses of various types 
should take. Where poultry are kept in largo 
yards, the runs surrounded by wire or iron 
fencing, the houses are usually fixed. It is, 
however, very convenient to construct them so 
that they can be moved at will, for the ground is 
quickly tainted, and protection may be afforded 
against wind and rain or against a too powerful 
sun. There is, however, the advantage in a fixed 
poultry-house [91] that the floor can bo sjxjcially 
prepared. The earth 
should be removed to 
the depth of at least a 

^ouse is fixed. On the 

last, or chalk may be 

sand, and finally with ‘ ’ 

dry lo.4.m. This can be 


wired in front, wire netting of a strong gauge and 
medium-sized mesh being employed. The floor 
of the house and run in this case should be at 
least 6 in. higher than that of the yard or garden 
outside, and made in a similar manner to that 
already described. Where no roof is provided 
for a run, the soil quickly becomes foul and 
unhealthy, and, indeed, no one should attempt 








daily raked for the 91 fixed house and bun 

removal of the manure. 


after which, when necessary, it may be re- 
sanded, or fresh dry earth distributed, the soil 
being an excellent deodoriser. Such a house 
will be practically vermin proof. 

Movable Houses. The movable poultry- 
house in the limited run may be provided with 
wheels, and these are now manufactured so 
that the wheels are lifted when the house is at 
rest ; or with two pairs of arms, a pair at each 
end, thus enabling a couple of men to move it 
when required. Where movable houses are 
employed in the fields, they should be of larger 


to keep hens in a limited spac(^ under such 
conditions. 

MaKing Poultry«houses. The material 
employed in making poultry-houses may be 
either matchboard, tongued and grooved, 
or for cheaper houses, rough feather-edged 
board, which can bo subsequently tarred. 
Matchboard can be painted and more easily 
preserved if it is well put together. The roof 
of a house may be of wood, tile, slate, thaU h, 
or iron ; wood will usually be selected, as being 
the simplest and most inexpensive, iron and slate 
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being loo hot in summer, while thatch provides 
a harbour for vermin, and is easily set on lire. 
A wooden roof may be protA>cted by paint, lar, 
or tarred paper, subsequently sanded, or even by 
tarn*d felt. 

Whether a house should be ready-made, or 
built by a neighbouring joiner, or even by him- 
self, the owner must decide ; unless he is expert 
with tools, he will find it a much wiser plan 
to visit one of the great agricultural or poultry 
shows, where there are 
large displays of houses 
and oth(‘r appliances by 
manufacturers, many of 
which are extremely in- 
genious, priced at a com- 
jmratively low figure. There 
can he no doubt that a 
n'ady-made house, easily 
tak<‘n to ])iece8 or put 
, together, can l>e purchased 
in this way at a lower cost 
than it- can be oonstrueted 
by an ordinary joiner. 

Small Houses and 
Fencing. Poultry-koc^pers 
who exhibit their birds at 
exhibitions are comjielled 
to keep single cockerels, or 
adult cocks, in small houses and runs by them- 
selves. A single house may be divided for this 
puq)oso into three compartments. It should be 
lean-to in shape, with a pereh across the centres 
a small door at the back, and an opening in tlu? 
front for the bird to pass into the wdre-eovered 
run })rovidod. In a house divided into thren^ 
eoinpartmcnts, a run with a partition must b(5 
arTang(*d for each. Without a partition, tin* 
birds w^ould st‘(‘ each other, attempt to fight, 
and damage th<‘ir j)liimage, comb, and ears. 
These houses slioiild lx* movable, for, their size 
being extremely liraiUd — about 2 ft. x2 ft. 3 in. 
for a bird of medium size-— the grass is quickly 
soiled, and they require a change. 

fn f^onstructing the fencing which encloses 
))oultry luns on whic^h hens are kept for 
laying or breeding i>urpoBes it is important 
tliat the standards 
should he substantial. 

Tb(»y had bettor be of 
sejuared oak, at least 
4 in. X 3 in., the part 
let into the ground 
being doubly tarred or 
ereosoted. In some 
easf's, however, iron 
sto^ndards are em- 
ployc^d, small grooves 
being made in each 
rod whtTo wire is to bo fastened. The fencing 
material may either ha very strong galvanised 
meshed wire [93], carefully strained and pegged 
to the ground, or galvaAised iron hurdles [92], 
which are made for the purpose, to various 
jjatteriis and in different sizes. These are more 
etwily taken down and ro-orected, but they are 
very costly. Strong diamond netting is soi^ 
times (unployed, but this, too, is costly. 
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Rearers and Brooders. Roarc^rs and 
brooders, like incubators, should he purchased 
from a good maker. Creat advances are being 
made in this work. In some cases large breeders 
construct houses facing the south, the whole front 
being glazed, witliin which are long, narrow 
runs, carefully sandtid and fitted at the b^u^k 
wuth hot pipes wliich pass from end to end of the 
building, tlius warming a number of compart- 
ments, in each of w^hich a large numlx^r of young 
birds is placed. This system 
is also adopted on a much 
smaller scale for the warm- 
ing of movable brooders [95J, 
a lamp being employed to 
heat the pipes. 

There is, however, much 
difference in the require- 
ments of the breeder. Tlie 
Iwginnor may be satisfied 
with a large packing-case, 
provided with a good lid and 
ventilated by the aid of a 
centre-bit sufficiently large 
to produce a number of 
round holes placed tw^o- 
thirds of the height from 
the ground. The floor of the 
box may be sanded, or 
knocked out altogether, but in this case thi^ soil 
should be perfectly dry, and kept clean. A 
good lamp Ixnng provided, a piece of perforated 
metal may lie converted into a cylinder that it- 
may be covered entirely, and kept in the centr<5 
of tile box, 80 that wlien they require warmth, the 
young birds may collect around the cylinder, 
and enjoy the heat- which the lamp produces. 
Bi'tw'(‘<in this home-made affair and the elaborate 
heating system to which we have referred are 
many stages and modes of rearing young chickens 
wdiich may be examined at exhibitions already 
referred to, or in manufacturers' show-rooms. 
In all cases, how'ever, cleanliness is the next 
essential to warmth, if, indeed, it is not equally 
as important. 

Cramming Pens and Coops. Fatting 
pens which are used in the artificial fattening 
of poultry art* gene- 
rally constructed in 
rows, and placed under 
shelter out of cold 
winds and rain, and as 
far as possible kept at 
a temperature of 68° to 
62°. Fatting birds are 
more successfully fat- 
ted when kept in 
small companies of 
half a dozen or so. 
The size which is recommended for the j>en is 
from 18 in. to 20 in. high, and from back to 
front, by 30 in. in wridth. Each pen is practically 
constructed of wooden bars in. apart, those 
composing the floor being shaped so that the 
bottom of the bar is much narrower than the top, 
this preventing the manure clinging to them — 
and, indeed, facilitating its passage below. The 
birds are fed in the fatting pens from troughs for 
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about hilf the time they are under the feeding 
process, cramming then continuing to the end. 

The illustrations we have provided indicate that 
there is a great variety of hencoop [see piige 6092] 
in tlie market. A coop should be of planed wood, 
painted each season, the object being to exclude 
vermin, as well as to keep it in repair. 

Fattening for the 

Market. The system i . . x * 

of artificially fattening 

chickens for the table, 

which has so long pre- 

vailed in France, is 

now extensively adop- 

Uid in this country. 

The best birds for fat- 

toning are those which 

have been well fed IITP 1 ! i 1 > 

when at liberty, and 

are healthy and al- ^ 

should, if possible, Ik^ 
of the best table 
brec^ds, or crosses of 

thoBo br^ds Tlie 94. m^va: 

birds should bo from 

twelve to fourteen weeks old, and as largo as 
possible. Although iliis is the programme of 
English and French feeders, tlioie is in W<^stcrn 
America a poultry farm on which, incredible as 
it may appear, 40,000 Leghorns, a small, non- 
table breed, are fed for market purposes with 
success. The feeding period lasts from fifteen 
to twenty- one days, the latter not being ex- 
(Hooded, for birds when ripe for market should 
ha fed no further, and killed after twenty-four 
hours’ fasting, whether they have reached two 
or three montJis in ago. 

Fattening Food. Whatever the breed. 


fully cleaned, and the birds supplied at each 
meal with newly-prepared food mixed to a thin 
dough. Some persons use mixtun^s of ground 
oats, with toppings or fine sharps or barley 
meal, maizt^ meal, or buckwheat meal ; ex- 
perience wmII, however, show what mixture 
answers best. The cost of the food supplied 
1 should not exceed 6d. 

for the whole period. 

Cramming. When 
cramming commences, 
^ the birds are fed either 

by machine, by the aid 
of a funnel, or by hand. 
The meal is made into 
somewhat stiff boluses, 
which, after dipping into 
^ milk, are passed by the 
- -y - lliumb and forefinger of 

the right hand into the 
gullet, and worked into 
the crop until it i.s full. 
W - Where the funnel is 

used it is placed in the 
1 V tirmaw moutli of tlu^ bird, and 

I.I.. HOUSE ^ 

paste passed down. Similarly, where the Fi’ench 
cramming machine is pixjferred the paste is made 
suflieieutly thin, and is passed into the crop 
through the mouth, in whicdi a nozzle is placed. 
The quantity, being regulated, is forced into the 
crop by the pressure of the foot upon a irtiadle. 

Preparing for the Market. The birds 
make their chief gains a few days after cram- 
ming commences. Little improvement is 
effected in the first week, and not much more 
in the last, weight b<‘ing chiefly put on during 
the middle period. Three wet ks’ fattening in 
this way should increase th(' weight of an 


Fattening Food. Whatever the breed, this way should incren 
fattening ^ . 

chickens must . v / 

should consist gg glazed chicken brooder 

ofSussex 

ground oats, barley meal or wheat meal, mixed Arrangements having 
with new milk, or. in its absence, skimmed milk, birds to a salesman, the 
to which, in either case, a little cheap mutton exercised to exclude an; 
fat is added. This is at first given in very small fattened or which are 
quantities, J oz. per day, but it should not w^hich a contract or i 
exceed J oz. daily. The troughs must be care- made. 

Agriculture concluded f followed by Bke-Kbepino 
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this way should increase thi' weight of an 

average bird 
from ] f lb. to 
2.Ub Killing, 

is- . w’hich is p^r- 

P ried out in care- 
ful accordance 

BRoonER quiremeiitB of 

KEN BEOODEB the BaleBman. 

Arrangements having been made to deliver 
birds to a salesman, the greatest care should be 
exercised to exclude any that are imperfectly 
fattened or which are below the w'eights for 
w^hich a contract or arrangement has been 
made. 
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Repeating Coils. Lamp Signals. Traffic Arrange- 
ments. Subscribers’ and Junction Switch Sections 

f oiitliiutHl from piig« fiHS4 


By D H. KENNEDY 


Central Battery System. Coincidently 
with the pro^roHs already desoril^od, attention was 
being directed to another important problem. From 
the point of view of maintenance, the most troubl •- 
some feature in a subseribor's telephone set was the 
battery. Many attempts were made to devise a 
system which would replace the numerous sub- 
iKTibera’ batteries by one ecnlral source of energy 
located at the exchange, where skilhid suptTvision 
was available. The problem bristled with difli- 
eulticH, but these were gradually overcome, ami 
several ecpmlly good solutions are now in existence. 
Probably the most popular is that of Dr. Hammond 
V. Hayes, the main feature of whi(di is the use of a 
S}>eciul form of rejjeating eoil. It is really a small 
transformer [see page H)57], with four ecpial 
windings, eaeii having 3,tK)() turns and 40 ohms 
resistance 

The Repeatini; Coil. Every pair of eon- 
nc<-ting pings an<l cords in a central energy exchange 


battery through a line relay, and the eonnoctions 
pass tiirough tlie double armature contacts of what 
is known as a “ cut-olT relay.” Normally, owing 
to the juesence of the condenser, no current flows. 
When a. subscriber lifts his receiver he brings his 
transmitter and one of the induction coil windings 
across the line : the current from the battery flows, 
the line relay B 1121 is energised, and its armature 
connects the sigmd lamp across the battery, the lam]> 
glows, and so attracts the attention of the operator. 

Answering. It is desirable that the Iam}>. 
having fulfilled its purpose, should now be put out. 
ami this is arranged for bv utilising the test wire and 
introducing the cut-off relay A [12]. The sleeve of the 
operator’s tlirin'-way cord is in connection with the 
battery, and when th(' operator inserts her answering 
plug a current flows through the cut-off relay, ami 
continues to do so as long as a plug is in coimeetion 
with the subscriber’s lire. This puls out the lamp, 
as the battery and line relay are now cut off from 
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of the Hayes type includes one of these trans- 
formers, arranged as shown in 11. The central 
battery is of accumulators, 11 in number, giving 
a})f)roximately 24 volts. The resistance must alway.s 
be very low, and is only a small fraction of an ohm. 
The two subscribers’ transmitU-Ts shown are each 
fetl with the current from the main battery. During 
conversation variations produced in the A side 
are repeated by the action of the transformer to 
the B side, and vice versa. Hundreds of such repeat- 
ing coils may be connected t.o one battery of adequate 
dimensions withoiit any interference from pair to 
p.iir t)ecurring. This 
is attributable, tirst, to 
the low resistance of 
the battery ; and, 
secondly, to the fact 
that the windings of 
the repeating coils are 
arrangt^d so that they 
opp(»8e their induc- 
tance to any altej-nating currents entering from the 
baittery. 

Connections of Subscribers' Line and 
Cord Circuit. The diagrams [12 and 13] will 
enable us to consider in detail the arrangements both 
at the subscriber’s station and at the exchange. 

The subscriber’s apparatus consists of a trans- 
mitter, a receiver, an induction coil, a magneto bell, 
and a condenser. In the normal po.sition of the 
automatic switch only the bell and condenser are 
joined across the lines. The exchange ends of 
lines, it will be observed, are connected to me 
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the stibscriber’s line, so far as this path is con- 
cerned. Simultaneously, however, a new connec- 
tion with the battery is established by meams of the 
tip and ring of the ])lug and two windings of the 
re|)eating coil. The “’ring” conductor has in 
circuit a relay. This is the answering cord sujKa- 
visory relay. In order that the })rc.sence of its 
inductance may not act deleteriously, it is provided 
with a non-inductive double- wound shunt. When 
the o|)erator connects with the waiting subscriber, 
ibis relay is energised. Its armature connects the 
4U-ohm shunt across the tcTininals of the answering 
cord supervisory lam]>. 
So long as the sub- 
scriber is at his tele 
phone this relay is 
energised, and the 
lam]) is dark because 
of the shunt. The 
restoration at any 
time by the subscriber 
of his receiver to its normal i)Osition on the 
automatic switch allows the supervisory relay 
armature to drop back and causes the lighting 
of the lamp, the current flowing from the 
negative jDole of the battery through the rt3J-ohm 
resistaiKje coil, the lamp sleeve of plug, bush 
of j(3Lck, test wire, and cut-off relay. A similar 
arrangement exists on the calling cord side. The 
lamps in the cord circuits arc 12- volt lamps. The 
student should noto that the 83.1-ohm resistances 
are neces.sary to enable a sufficient variation to be 
produced by the shunt. 
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The Operator’s Set. Tn the circuit of 
the callinjoj plug there is included a combined 
listening and ringing key. The operation of the 
listening key bridges across the circuit, the operator's 
receiver, and one winding of the induction coil. A 
two-raiorofarad condenser is included, so that the 
supervisory relay is not actuated. 

The operator's transmitter is 
connected directly to the main 
24- volt battery. A 140- ohm 
retardation coil is in circuit, in 
order to reduce the voltage at 
the terminals of the transm itter 
to volts. A two-microfarad 
condenser is joincKi across the 
terminals of the primary coil 
and transmitter, to provide a 
path for the fluctuating currents. 

The operator s}>eaks to the 
answered subscriber through the 
medium of the rc{ieating coil. 

The operator’s transmitter is 
of the breastplate ])attcrn, 
made of aluminium, and weigh- 
ing only a few ouncjos. Th(‘ 
headgear receiver is provided 
with a band to hold it in 
position, and it is also very 
light. These are shown in 14 . 

Engaged T est. Having 
ascertained what number is 
rcMpiircd, the operator tests to 
ascertain if the subscriber is 
disengaged by raising the calling 
plug and pressing its tip against 
the bush of one of the subscriber’s jacks. It is 
clear from what we have already stated that if 
the subscriber is connected for sjieaking at any 
point, the test wire will be “ live,” and on touching 
it there will be a click in the operator’s receiver. 

Calling. If, on the other hand, the lino 
wanted is disengaged, no click will be heard, and 
the operator will press homo the plug and press 
forward the key, in order to call the subscriber. 


Ringing currents from tne exchange generator will 
pass out to line, and will actuate the magneto bell 
at the subscriber’s section, the impulses passing 
through the condenser. The lamp in the calling- 
cord circuit will light when the o])erator connects 
with the suberiber, and will remain alight, except 
during the ringing periods, until 
the subscriber responds. When 
he does so, it darkens, and the 
operator leaves the key in the 
normal, or through position, 
knowing from the fact that 
both lamps are ^lark that both 
the subscribers are at their in- 
struments. 

Clear Signal. On finish^ 
ing their talk, the siibscrib?r8 
hang up their receivers, and 
both line circuits are Ojjeued at 
the automatic switches. The 
cord-circuit relays are thus de- 
energised, their armatures fall 
back and o]>en the shunt cir- 
cuit, thus allowing the cord 
lamps to glow. 

Metering the Call. Im- 
mediately before withdrawing 
the plugs the operator depresses 
the “ meter key.” This records 
the call on the meter of the 
subscriber with whose lin ^ the 
answering |>Iug is in connection. 
It simultaneously counts one on 
the o|)erator’s position meter 
and lights a red lump in front 
of the operator, to indicate that its functions 
have lM)Pn correctly performed. 

In order to avoid complication, the meter cir- 
cuit has been omitted from the diagram. It will, 
however, be suflicient to explain tliat each sub- 
scriber’s meter is joined in parallel with the ent-otf 
relay. The meter, therefore, receives eurre'iit from 
the 24-volt battery when the cut-off relay is enorgised: 
but its resistance is .500 ohms, and it is not affected 
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thareby. When the operator depresses the meter 
key sho connects a 90>volt battery to the sJeeve of 
the plug, and this sends a current which is strong 
emough to effect the desired result The meter is 
merely a Veedcr cyclometer mechanism actuated 
by a specially designed electromagnet 

Continuous Insulation Test. One very 
annoying feature of the magneto system was that 
faults were dis- 
covered only when | | 

an effort was made C 
to bring the circuit ^ 

into use. On the | ' 

central energy sys- „ > 

tern faultH Sue to ‘®- SXTBSeRIBKRS’ CALUSG- 
breakdown of the I-AMP 

insulation announce themselves immediately they 
ap|)ear, and arc removed in many cases without the 
subscriber knowing anything about them. An 
rarth fault on the A line causes the line relay to be 
energised, and therefore gives a permanent glow 
on the calling lamp until cleared. CVmtfict from 
line to line has a similar cHeet. To ])rovide for faults 
on the B, or “ power ” lin«, special lamps are pro- 
vided. These are not in 
the Bwiteh-rooni. As they 

in the “appanitus" room 
along witli the relays and 

meters, where they are THREE-COI 

under the constant observation of the engiiKMu’iug 
Stflff. 

Subscribers* Induction Coil. The in- 
duction coil at the subscriber’s station, although 
not absolutely essential, serves two useful purposes. 

It allows the recciv'cr to be removed from the main 
circuit, and thus kept free from the effects of the 
heavy current. It also enables the (sondenser to be 
brought into use for enhancing the 
effect of the transmitter. l^Wery 
variation in the resistama* of th(‘ 
transmitter varies the difference of 
potential at the transmit (or terminals, 
and is therefore accompanied by a T 

series of rapid charges an<l discharges. g 

'riiese }>aHS through the recctiver and ****^—11 

one winding of tlie induction coil, and g 

llie latter by mutual intluction affects 
tlie winding in the main circuit so as 
to supplement the effect of the tran- 
Hmita*r, 

Detailed Description of a 
Switch Section. A switch see- M 

tion fl6] is arran^d to accommodate , 
three operators. One complete section 
of the multiple spreads across the Uf 

iipyKjr section of the board, and is w, 

distributed within nine vertical panels. w 

1’he method of numbering is a little 
peculiar at first sight, due to the 
fact that it begins from 0 instead 
of from 1. The first hundred jacks 
are therefore numbered 0 to 99, 4-. 

«ud are known ,u. the “nought 

hundred.” The next 100 is from CX)KDUCTORS 

101 to 199, referred to as the ” one hundred,” 

It will be seen that the introduction of this in- 
significant cipher results in all the numbers in a given 
block commencing with the same figure. The 
jacks are arranged in strips of twenty. At the bottom 
left-hand comer of the multiple the ” nouaj^ 
hundred ” can bti observed. Within the limits of 
hundred the numbers read in the same way as in a 
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book — left to right, and downward#. The blocks 
of hundreds, however, read from left to right and 
upwards, this arrangement being necessary mom the 
fact that the multiple is only built up from time 
to time as the growth of the exchange demands. 
A 9-panel multiple has for some time been the 
standard, the jacks being spaced | in. apart from 
centre to centre. Some makers have advocated a 

10-panel multiple, 

putyng the hun. 

V//W dred blocks in 

17 . StJBSCBIBERS’ ANSWERING 

below the sub- 
scriliers’ multiple panels, and separated therefrom 
by several blank panels, there is a second mul- 
tiple, known as the “ junction multiple.” It 
contains the jacks connected to the lines to other 
exchanges, and these are multiplied once every 
six panels. The letters on the white label strips 
above them are the codes of the respt^ciive 
exchanges. Beneath the junction multiple in the 
centre of each operator’s 

Ai£ew'£ rif» 

I— I ^ ^ position there is another 

strip of 20 jacks, which 
is used for “ busy- back ” 
connections and record 

fDl'CTOR PLilr circuits, the latter being 

DtCTOR PLUti circuits to the trunk 

exc^harige, by moans of which subscribers can 
dictate their wishes to the trunk record operator 
when they retpiire a trunk call. The lower 

panels contain the subscribers’ calling-lamps [16], 
and above each the corresponding answering 

jack fl7J. The answering lamps an^ numbered 
in regular numerical order from left to right and 
upwards. Those are subscribers’ fK/sition numbers, 
and do not change. Tlie answering 
jacks, however, may b(^ connetjted to 
/ any particular subscriber, and a figure 

qfc«3 plate on the right of the jack gives 
f the number of the connected sub- 

Bcriber. 

It will be noted that the operator 
requires to take no cognisance of this 
number. If the lamp lights, it is 
necessary for her only to plug into 
the jack above it, and carry out the 
wishes of the subscriber who speaks. 
The three panels wdiich constitute 
an operator’s position are provided 
with a number of answering jacks and 
lamps in accordance with the character 
siiK of tne exchange. If it is a very busy 

one, the number may be as low as 
80 ; if, on the other hand, it is a 

S residential exchange with message- 

rate subscribers, the number may go 
CMreti r.oHnr> Jjj CaSC, tO 180, Cach of tllC 

^ panels having 60 lamps. 

^ Beneath each block of 60 answering 

lamps there is a large white lamp, 
known as the “ pilot lamp.” When any 
one of the 60 subscribers calls, the pilot 
lamp in a given panel lights up at the same time ns 
the answering lamp. In the c^tre panel there are, 
in addition to the pilot lamp, two otiicr large lam ps, 
one red and the other green. The red one is the 
“ meter lamp,” of which more anon, and the green 
one, the ” instruction lamp.” The last-named is in 
connection with the supervisor’s desk, and by its 
means the supervisor can attract the attention of 



Any one or all of the operators, and transmit to 
them any required information. 

This dispoHes of the vertical part of the switch 
section, and we shall now deal with the keyboard^ 
which projects in front of the operator to a ai<itance 
of 15 in. 

Beginning from the rear, we have a line of 17 
answering plugs [18] ; and next, a line of 17 calling 
plugs, each of these being, of course, paired off 
with an answering plug. Vari-coloured cords [19J 
are used; the first pair may have red cords, the 
second blue, the third green, and so on. This 
use of colours facilitates the identification of cords 
when a connection is being taken down. In front 
of the calling plugs there are ] 7 ineter keys ; then 
two rows, each containing 17 supervisory lam|3s, 
the rear row for the answering cords, and the front 
row for the calling cords. 

The next rank, and the one furthest forward, 
consists of 17 combined listening and ringing keys, 
and in line with these on the extreme riglit there 
is an 18th key, which is used for ringing on “call 
wires” at night. 

To the left of the operator’s position can be seen 
a nunilx^r of 
small buttons, 
resembling the 
key.s of an 
English con- 
certina. Th(‘He 
are variously 
known as 
“ order w ire 
k<'.ys,” or “ call 
wire keys,” 

1 h t‘ s f} being 
the American 
and English 
s y n o n ym o u s 
titles. 

Junction 
Sections. 

Sections of th^ 
kind j list de 
scribed are 
known as 
“ su b seribers’ 
ojieralors’ sec- 
tions,” to dis- 
linguisli them 
from junction scciion.s [20], or the same distinction 
is effected by referring to the subscribers’ answer- 
ing I osition as the A ])ORition, the incoming 
junction section being called the B position. 

In large telephone areas, such as London and 
New Yoni, where the pro|K)rtion of inter-exchange 
traffic may be 80 per cent, to 90 p<;r cent., the 
junction traffic becomes exceedingly important, 
and at a given exchange the niimlier of B 
operators may be equal to half of the A operators, 
in spite of the fact that arrangements are made 
which allow of the B operator dealing with a 
relatively larger number of transactions. Fig. 20 
shows a typical B section. Like the A section it 
provides positions for three operators. As there 
are no subscribers’ lamps, th^ multiple beg.iw 
lower down, the subscribers multiple and junction 
multiple together occupying the whole of the 
vertical space. 

, The incoming ends of all junctions terminate 
\\x nlugs. In front of each plug there is a corre- 
s^.idiug signal- lamp, and in line with this a listening 
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key, and what is known ns a “machine ringing' 
key,’* from the fact that when ©nee depressed tocaU 
a subscriber it remains actuated until the sub- 
scriber replies, when it is automatically released. 
The headgear of the B o]ierator is permanently 
connected to the call wire, or call wires, coming 
from the exchange or exchanges from which come 
her set of junctions. The B operator usually 
controls 26 junctions. 

A Through Call. Now let us describe 
a transaction passing through two exchanges. 
The subscriber calls the A opera ttir, she inserts 
the answering plug, turning over the listening 
key and replies. The sulwcriber asks for B Ex- 
change No. 369. The operator immediately 
depresses the B exchange call-wire key, and says 
to the B operator **369 A.” The B ojiefator 
being thus informed of the number required 
and the exchange making the request, observes 
which of the junctions from A are not in use 
by looking at the plugs and names one of them, 
say li>. The A operator immediately connects 
to the number 15 B junction, the operator turns 
No, 15 ringing key, lifts the plug, and tests the 

required sub- 
scriber. If no 
click is hoard, 
she presses for 
ward the plug 
and depresses 
the No. 15 ring- 
ing key. If, 
however, the 
subscriber is 
engag(*d. the B 
operator con- 
nects the plug 
to one of the 
“ busy - back ” 
jacks. This has 
the effect of 
sending back 
on the jimc- 
tion line to the 
calling sub- 
8 (briber an 

in ter mi t tent 
buzz, which 
means ” lino 
(ngaged.” The 
lamps in circuit give flashing signals until the 
calling subscriber acee})ts the intimation, and 
restores his telephone, when the lamps give the 
ordinary signals described later. 

Calling currents will circulate fitnn the generator 
at the B exchange continuously until the siibsc-riber 
answers, and the B operator is re<iuired only to 
keep an eye on the ringing key, which automatically 
restores, as before stated, when tlic subscriber lifts 
his receiver to ro^dy. 

At the conclusion of the conversation, when 
the subscribers restore their re<*.eivers, the two 
lamj)« at the A exchange arc actuated. The 
A o^ierator depresses the meter key and dis- 
connects. Immediately she does so the lamp at 
B lights, indicating that the junction may be 
cleared, and the B operator takes down the 
connections. 

It will be seen that a B operator has but little 
to do, and she can accordingly deal with more 
transactions per hour, the recognised average 
for a good B o^ierator being 300 calls.. 



Continued 
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CLOCKS a 
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Repairing Clock Teeth. Escape Wheels and Pallets. 

2 

('oiitlniifld from page 671ft 

Pivot Holes and Rack Tails. French and other Clocks 


BY JOHN P. LORD 

pOK moat ordinary clocks, wheels can l>e least, and it is as well to practise on one or two 

* purchased in sets ; for special ones you will old wheels l)efore actually operating on a good 

have to order them from the wheel-cutter, for one. 

making wheels is a separate trade of itself, and As soon as the riveting is done, or the solder 
should lje classed under turning. There is a popular set, sha]3e the projecting brass to resemble the 
idea that the teeth of American wheels are punched other teeth exactly, using a topping hie so as 
or stam]:>ed out. This is erroneous, for they are not to injure the adjacent teeth. Then file and 

cut some fifty at a time by a saw-like grooving polish both aides of the wheel where the join is 

machine, and so are produced cheaply ; English so as to make the new piece flush with the 

wheels are cut on a special lathe with a “ fly cutter.'’ original wheel, and if this is well done the join 
"J’ho teeth of wheels when bought are generally will be almost imiwrceptible. 

finished, save for an occasional burr which may Should several adjacent teeth be missing, as 
recjuire filing out, and, perhaps, if a new ivheel sometimes happens when a clock has violently 

has U) go into an old and much worn clock the teeth run down and a portion of a wheel been stripped, 

may recpiire a little more topping. As a rule, or when children have dropped an object into the 

however, the wheels are not quite finished and works, you must either put in a new wheel, or, if 

ready for use, for they must either have the spaces that is not convenient, you must make a dovetail 

cut out and tlie crossings actually made, or with a curved base in the rim and fit a piece of 

those already there will be so rough as to require brass as before. Then another method must 

a good deal of filing and rough polishing to make be employed to plot out the new teeth which 
them neat and workmanlike. When the crossing have to be cut. Take a piece of zinc largo 

out is done tlie wheels can bo mounted on thc'ir enough to cover several teeth on each side of th(‘ 

collets and arbors, and then jiolished, if sufficiently break, and bore a hole in it. Fit it tightly to 

rigid, by holding a iiolisher charged with emery the arbor or })inion, and turn it round so as to 

and oil, followed by crocus and oil, against the embrace a curve of sound teeth. Now cut it eircu- 

revolviug surfacjo, or, if fragile, by laying them on a lar along the rim, and with a fine saw cut out a 

large, flat cork and polishing thus, the wheel Ixung set of teeth in the zinc embracing at least two on 

slowly turned by the hand the while. either side of the mmther of missing teeth. Finisli 

The wheels, as we have seen, are riveted on to these teeth off with a file till they are exact replicas 

collets, which are soldered on to the jiinion arbors, of the wheel teth. If this plate is now turned 

and the riveting must be very carefully done with round on the* arbor till the last two teeth on eacli 

a round punch or a half round one. side exactly coincide with the two sound teeth on 

To Repair a Broken Tooth* This is a each side of the break, a whole range of new teetli 

job which occasionally faces the clockmnker, and can be eut most rapidly in the piece of brass inserted, 

ability to do so neatly will save you using many This is a simple and masterly way of overcoming 

new wheels and wasting a great deal of time. the difficulty, and its inventor deserves much 

In the solid rim of the wheel, at the space vacated praise. 

by the broken tooth, saw out a dovetail -shaped Before ])laoing any wheel in a clock it must be 

hole in the brass. From a sheet of brass, a little tested to see if it runs true and is flat, as was done 

thicker than the brass of the when we examined our clock, and if out of true 

wheel, eut an oblong piece of ^ . must be adjusted. 

brass, witli a dovetail at one end V — V/t The Bscape Wheel* These wheels are the 

a very little larger than the hole A -a bugbear of the clockmaker, for they are difficult 

in the wheel. Now measure this - c to re])air, makers each having their own standard 

little bit and cut off the surplus 4^ INSERTING making of the pallets to fit them, and 

of the oblong, leaving a little ^EW TOOTH though theory says one thing, the manufacturers 

more than enough to form the .ken wheel, hold to the rule of thumb which their escapee- 

new tooth. All this cutting can with dovetail cut makers employ. In many cases the escape wheel 

be done with a how saw, such as New teioth can be made serviceable by putting it into a lathe 

is used by metal-workers, remem- of arbor in the turns and topping each tooth 

bering that the teeth of the saw with a fine file till all the teeth are of equal length, 

must be made to point backwards, so as to cut w'ith and then filing up each tooth to the original shape, 

the draw and not with the thrust. File your dove- A hint that may be useful in doing this is to top all 

tail exactly to fit the hole, and then chamfer off a but one tooth, and use that tooth as a pattern in 

little from the sharp edges of the hole. Now put in dressing the others, and lastly to dress that one to 

your piece of brass and carefully rivet it into place resemble its fellows. After this ojwration the 

with a very liglxt hammer. If the wheel is very depthing of the pallets will have to be altered. If, 

fragile', then you will have to run a little tinning however, the spacing between the teeth of the 

fluid on the edge of the piece before you put it in, escape wheel is uneven, throw the wheel away, 

give one or two taps with the hammer, so as to buy a new one, and make new pallets to fit it. 

just make a slight rivet, and run a little solder The Pallets. These are the first parts of the 
round the join which will find its way in sufficiently clock to wear out, as might be expected, since they 
to make a firm joint. In all riveting the greateajgj have more work to do than any other portion, 
care must be taken not tn spread the wheel in tlire They can sometimes repaired, if recoil pallet-s, 
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in the fellowing manner. First let down the 
temper of the Iiard steel by heating the pallets a 
cherry red, after they have been removed from 
their arbor. Lot them cool gradually. Then a 
file will bite them well, and they can be filed to 
shay)e, first filing out the worn marks, and then 
l)eiiding the soft steel into proper shape to avoid 
wasting more metal than is absolutely necessary. 
Next smooth and polish up the atjting faces in the 
ordinary manner. The pallets must then be bent 
to embrace the number of teeth that they originally 
did, for the filing will have widened the space 
l)ctween tlieui, and this is best done by very gentle 
squeezing in the jaws of the vice, squ^zing in half 
the distance first, and then reversing the pallets 
and squeezing in the other half. Now they must 
bo tried in the frame and the proper depthing 
arranged for. If it is not much it can be effected 
by lowering the cock a little. If you have to bond 
the pallets more than once you must heat and 
allow to get cool before each bending or the 
steel will snap. When the drop and oscajiement 
is satisfactory licat the ]»allets a c'herry red and 
plunge into cold water ; then brighten a portion 
with emery and heat again till that portion beeomes 
a. straw yellow ; after which allow them to cool. 
New pallets jnust be made in the same way from 
soft st<icl, or steel which has been let down, filed 
out to sliape, made to fit and work, and then tcin- 
IM'iod. Tlie old pallet will servo as a model. 

Collets. lliese are short brass or steel 
cylinders or bosses which fit on arbors. Thosti for 
the reception of small wheels arc made out of 
brass and turned on an arbor in tlie turns. An 
arbor fr)r this work is a grooved, slightly tai^ering 
piece of steel with a fixed ferrule for the bow string, 
and with })ivots at each end to run accurately 
betw(jcn two female centres on the t»irn. They 
arc very useful for truing wheels atid other work 
where a ])erfect centre arbor is re([uired. Collets 
for the hands tiro known as ftjdit collets^ because 
they have a slit in them just as lung as the collet 
is wide. 

New Pivot Holes. It often ha])pens that 
in the adjusting of a clock or the selling iq) of a- 
new one that the pivot holes in the i dates are 
unsuitable. When this is the case new holes have 
to be made. This is the ordinary method of doing 
the work. 

Ascertain the direction of the jjrincipal wear 
in the old pivot hole, and then with a broach, which 
is a four or five-edged steel tapering cutting tool, 
something like a leather punch, enlarge the hole, 
first filing the unworn parts till th^ are equal to 
the worn ])arts with a round file. Tlie hole should 
be made three limes as large as it was before. 
Now take a piece of brass thicker than the plate 
and drill a h(de in it smaller than the nivot requires. 
Mount this on an arbor and turn till it accurately 
fits the hole. Chamfer the edges of the hole 
slightly, and rivet in the now piece. File it level 
witii its plates and polish off. Then gradually 
enlarge the hole till it just takes the pivot, and 
countersink the outside edge to hold the oil. This 
OTieration can bo very speedily }>erforined after a 
little ]>raotice and will give much bettor results 
than attempting to close the enlarged hole. 

When a raised bush is required, as is the ease 
when the action on the pinions has to be shifted, 
the piece of brass put in as a bush must be a good 
deal thicker than the plate, riveted level on the 
outer side, and filed down to the right thickness 
on the inner face. This expedient will save many a 
clock. 


Eccentric Buahes. Should you desire to 
make a new pivot hole, and are not quite certain 
about the depthing of the wheel, but would like to 
have a little latitude, which will enable you to 
adjust it after you have put in the bush, there are 
two methods of doing this. If you have a lathe 
with a chuck which will hold a stout piece of brass 
wire, select a piece which is a good de4il larger than 
the hole which you have broached in the plate, 
which in this case should be four times as large as 
the original pivot bole. Turn the wire to fit the hole, 
and then with a tap of the hammer set it just as 
much out of truth as you wish the pivot hole to be 
ec(!entric. In this new ]>osition centre the flat end 
of the wire and bore a small hole, not quite so large 
as the pivot. 

Next see that the hole in the plate is nicely 
chamfered, and is slightly wider on the outside 
than on the in. Cut off the wire a very little thicker 
than the thicjkness of the plate, and enlarge the 
pivot hole with a broach just to hold its pivot. Then 
fit in the bush and the pivot, and you will be able 
to turn the eccentric bush round in its hole till the 
depthing of the wheel is exactly right. A few taps 
witli the hammer will then close the riveting and 
hold the bush firmly in its place. If notjessary, the 
slightly projecting portion may be ijled down, but 
after a little praoticjc the right amount will be easily 
estimated, and the riveting will make all fiat 
onougli to The pivot hole must now bo again 

enlarged to permit the pivot to turn freely, and then 
]>olislied with a smooth, circular broach. Making 
CH untcrsiiiks for the oil completes this job. 

If you wish to make an eccentric bush without a 
lathe and only with thc’s turns, you will have to 
make a bush in the ordinary way on tlie arbor, then 
plug the eimtral hole and drill a fresh one a little 
out of the true centre. This is unsatisfactory, and 
under such cireumstances the following will be the 
best course to pursue. Broach out the old hole to 
an irregular shuiie to prevent the new plug from 
turning. Fit a plug filed to fit it exactly and rivet 
it in its place with a round-faced hammer. File 
down anti polish. Now try the depth and where the 
point of the ]>ivot rests; when the depthing is right, 
make a mark, and thert^ drill a new pivot liole, 
afterwards countersinking the oil-hole. 

R.acK Xails. Frequently in a striking clock 
the rack tail will bo found to at fault, and this is 
easily basted by allowing the rack to fall till the 
tail rests on the lowest step of the snail. The 
rack hook should then hold the rack in such a 
position that there are twelve teeth to Im' gathered 
up. If the rack tail be now placed on the highest 
step, the rack tooth should rest in the first tooth 
space, leaving only one tooth to be picked up. 
If these conditions are not fulfill<^fl the rack ttiil is 
wrong, and as it probably is faultily made, it is as 
well to know how to calculate the length of a new 


With a })air of compaases measure the distance 
from the centre of the stud upon which the rack 
turns to the points of the rack teeth. Call this AB, 
and strike an arc of a circle with centre A and 
distance AB. Call this arc BCD. Again measure 
the distance the rack teeth fall for 
twelve to be struck, and with this 
for radius and B for centre, describe 
an arc cutting BCD at C. Join 
AC and BC. Take the total dis- 
tance the rack tail has to full, 
from the highest step to the lowest 
of the snail, and call this BO. 
Measure this distance from B along 


6. niAOKAM 
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IK'. HO is the distancT. Through O draw a lino in a drum exactly like a watch spring, which wo 

OE parallel to BA and cutting AC at E. Through shall shortly describe, a centre wheel and pinion, 

E draw a line parallel to BO cutting AB at F. a third wheel, and a ’scape pinion and wheel. The 

EF is the length of the new rack tail, which can CHcapement is usually of the dead-beat tjrpe, but 

then Iw made on the model of the old one as to in the case of drum French clocks the escape is a 

shaj>e. ' recoil. They have very short pendulums, with a 

Plates and Pillars for New Clocks. relatively heavy bob. The pallets and the ’scape 

If you wish to make a new clock, you had best first wheel are very often on the dial of the clock, 

purchase your train of wheels according to the beat and then are gilt; this entails the pinion, on a very 

of the pendulum which you intend to use. Car<‘- long arbor, being within the frame, and the ’8ca]>e 

fully measuring the exact size of these wheels wheel on the end of a prolonged pivot. Often a 

with your callipers, set them out on a piece of pa}>er second blank wheel is found on tne ’scape arbor 

the size of the plates, or the approximate size within the clock to ensure stt'adiness. 

thereof, beginning with the centre wheel. Remember The crutch is short, and passes through the pro- 
the depthing, and allow the teeth to engage two- jocting part of the pendulum rod, which has a slit 

thirds of their depth, which means that for measure- in it instead of a fork. The suspension spring often 

ments you must take off one-third of the defUli has what is called a regulator Brocot, which operates 

of the tt^eth of each wheel to get its centre. Follow- on the pendulum spring itself by being slid up or 

ing on on this plan, map out on your pajKsr the exact down, thus shortening the effective length of the 

positions of the centres of each pivot, doing your ]>endulum, 

best to got the e8ca]K*ment in the centre line at The striking parts of French clocks are all marked, 
tlic top. so no possible mistake can occur in putting them 

When this is done take two ])ieee8 of hard brass together. The old ones have not a snail like our 

of the rc<|uisite size and file anfl face them np till clocks, but a locking plate instead, which works in 

they are perfectly true. 1’lien ])olish them to a fair the reverse manner, otherwise they are v’^ery much 

])olish. Now pin these two together with two or the same, and a few minutes’ inspection will 

three small pins close to the edges of the plates. explain their action better than pages of description. 

On one of them eo]>y your plan, setting out the Turret Clocks* These enormous clocks, used 
positions of the pivot holes. The plates arc now for church towers and for large ])iiblic buildings, 

placed under a vertical drilling machine and holes are the work of a special class of eloekmaker. The 

drilled through both plat(»s at the same time. theory upon which they are built is the same as 

Clean out the holes. that of our regulator clocks, but, of course, their 

Pillars in the rough can be bought for the frame, massive character makes it necessary to keep as 

and these must be filed and ])olished up. Pin- many wheels along a horizontal line as ])ossible. 

])oint8 and holes for the pins must be made at one Moreover, each wheel has to be capable of being 
end of each, and at the other rivet bosses. The removed from the frame without disturbing the 

j>illars are then rivet^^d into holes made in the rest of the clock, so all run in bushes instead of 

l)aok plate, and the shoulders of the pin points will pivot holes. 

fit into the holes made for them in the upper plate They are lifted with heavy ])endulums. The great 
if the holes were all drilled at th(» same time while length of the hands, which in winter may be loaded 
tlie jilatcs were fixed together. By this method the with snow and are often acceleratc'd or retarded 

••lock case is made perfectly true and square. by strong winds, makes S]x>cial forms of eseapenient 

The wh(‘els will then have to be fitted, each one to desirable. The ’sea])e wheel to which we have grown 

its own pivot holes, wliich may have to be slightly familiar is sometimes replaced by four or six 

enlarged, and will certainly have to be polished with legged stars. The best have detached pallets ; that 

n round broach and chainfiTcd on the outside face. is to say, that each pallet is on a hinge by itself. 

The treatment of the wheels and pinions will be and is weighted so that it returns to its ])iace by 

prt^cisely the same as the fitting of a new wlieel and its own weight and at the same time imparts an 

pinion described under Repairs. Studs to hold the impulse to the pendulum. Owing to the long time 

minute wheel and other portions of the mechanism which they take to wind, some special arrangemimt 
w ill have to be riveted into their places according has to be made to keep the clock going while the 

to th(* plan : but this is really mere practical heavy weigh t-s arc being slowly wound up. This 

mechanics, and not horology. If the foregoing arrangement is known as a maintaining power, 

jiages have been digested and the practical work which, bymeansof aspring, or of additional weights, 

studiously followed, there should be little diflieulty keejis the great wheel turning quite independent 

in making the clock go well. of the main weights for a short time. Tne main 

Other Forms of Clocks. One of the most weights then net again for a second or two, re- 

dclicate forms of clocks which are to be found all turning the maintaining power, too, in its place, and 

over the world are the French clocks. They are immediately that again begins to act, and so the 

usually to be found in marble cases or under glass clock keeps going without a stop. The mechanism 

shades, and in many unimportant particulars they is complex, and not likely to come within the 8co)x> 

differ from the British clock to which we are now of the ordinary watc*,hmnker, and certainly not of 
accustomed. The mechanism of French clocks is the beginner. 

small, and might almost be called large watch work. The theory and designing of these clocks is the 
so slender are the pinions and so fragile the wheels. work of advanced scientists, and the construction 

The typical French clock has the following wheels forms a part of very heavy and accurate mechanical 

in the going train — great wheel turned by a spring engineering. 

Continned 
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Orchestration— continued. Instruments in Combination. The String Band. 

The Full Orchestra and Theatre Band. Conducting and Choir Training 

By PAUL CORDER 

LJAVINO briefly described the instruments Grieg. L 3 ri’ic Pieces. (A suitable selection ) 

most generally in use in the modem Hchubert. Theme from Impromptu in 

orchestra, we may now consider the effect Rubinstein. Melody in P. 
of them in combination. Chopin. Several of the Mazurkas. 

The String Band. First in importance A few remarks on the transcribing of piano- 
eomes that group known as the string forte music for the orchestra will not lx* out f>f 

quartet, or string band. As has l)een already place at this pciint. Most young <?om}X)8ers. from 

mentioned, this consists of a number of violins long ae-(|uairitance with the instrunumt, have 

divided inU) firsts and st^conds, a smallt‘r number aixpiired the habit of considering j)ian()forte 

of violas, violoncellos, and double-basses. Th(^ music as the standard, and wli<‘ri they fimt at- 

relative numbers of these constituents vary tempt to write for the orchestra in nine eases out 

considerably, but an ideal orchestra might of ten they write first for lh<* j)iano and then 

contain Ifl first- violins, 1(> second violins, 12 translate, as it were, their music into the orches* 

violas, 12 ’cellos, 8 basses. tral idiom. Tliis is a very natural procedure, and 

The bt'ginner will perha.j)s be disposi^d to think a by no m<*ans harmful one, provided a literal 

that there is not much variety to b(‘ obtained translation is not attempted, but the peculiarities 

from this one type of instrument, but a slight of the ondiestra kept in mind fi*om the lieginning. 

investigation of already existing music w^ill For instance, the nunilx^r and position of the? 

sjKMxlily convince him to tlu' contrary. * Lot- us notes in a chord are limited, on the piano, by 

cull four examples at random, and note the the flngc'rs of the performer. Not so in tin? 

immense contrasts of colour [Ex. 46-49]. orchestra, where the performers are numerous. 

In our first example, from Mendelssohn’s Thus the final chords of a piano piec(» may bo 

overture l-o the “ Midsummer Night’s Dr(*am,” illustrated as in Ex. 60. The? top and bolt-om 

an effect of ethereal liglitness is produced by the consist of a f\dl chord, and the car has 

pianisshnet staccato oi the violins; the ’cello and accustomed iftelf to imagine the middle part 

bass, t<K> lioAvy for this fairy music, are omitted to be flll(?d in. But if we try tJiis on the 

altogether., Attention should bo drawn to the orchestra the gap in the middle would bt? 

fact- that both the first and se(?(md violins are painfully obvious; moreover, the thick harmony 

divided — t-hat is, the violins arc? playing in four low^ down w'ould be quite indistinguishable. 1 1 

parts instc?ad of two. This is a most valuable may be laid down as a rough nile that in a chord 

dc?vice in orchestral writing, and many composers tlie parts f^ould be tolerably evenly distributed ; 

have still further elaborated it by dividing a larger gap is advisable low' down (betwc'cn the 

(‘ertain sections of the strings into four, eight, bass and tlio middle) than higher u}). 

twelve?, or even sixteen parts ; but it is doubts natural sc?ries of harmonics given in Ex. 29 

ful whether the effect in performance justifies [page 5731] affords a good example? of this 

the labour entailed in the writing. treatment. So that our two chords should be 

The device of dividing the ’cellos into four scortH.1 as shciwn in Ex. 61, 
parts may be seen in our second example ; the Acciaccaturas and Arpeggios. A 
effect in i>erformane-e is one of Uie most beautiful device frequently mot with in piano music? to 
in the whole ranges of orchestration. In the give the effect of widespread harmony is to 

third example is shown a solo for the violas and write the? bass note as an acciaccatura [62]. 

’cellos in unison, with the basses accompanying These noU‘8 are, of course, intended to be? sus- 
pizzicato. Lastly, the strings are showm in a tained by means of the pedal, and so the passage 

polyphonic movement — a word meaning, liter- just given would be? scored as shown in Ex. 53. 

ally, many-sounding, but used synonymously Another prominent feature of the piano is tlie 
with contrapuntal ease with which extendcjd arpeggios are played. 

Tliis is but a small selection of the different There is no analcgy to this in the on*hestra, 

effects that can be produced by the strings alone. except on tlie harp. But the tone of this is so w^eak 

Before proceeding further, the student is rocom- in comparison with the other instruments that it 

ipendett to take a selection of simple piano pieces is hardly advisable to transcribe a pianoforte 

and scote them for string orchestra. The at?c<>mpaniment as it stands for the harp. Some 

following suggestions may be helpful ; other means must therefore bo sought for when 

Beothov^. Sonata Op. 2, No. 2. (Slow translating this familiar feature, 

movement) Let us take a rather extreme instance. Chopin, 

Beethoven. Moonli^t Sonata. (2nd move- one of the most pianistic of all composers, will 
uient) furnish us with plenty. We seU?ct at random 

Schumann. Papillons. Op. 2. Nos. 1, 3, 4, the Study in F major in the second book of Op. 10 

5, 8, 12. [54], The inexperienced student might think it 

Schumann. Kinderscenen. (A selection) possible to score this as it stands 165], but he 
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may be ansured that the effect would bo anything sists essontially of a fairly large and tolerably 

but pleasing ; a passage so pianistic requires well balanced body of strings ; wood-wind 

entirely remodelling to fit it for stringed instru- represented by two flutes, two oboes, two 

ments. In passing, however, attention should clarionets, two bassoons, with the addition, od 

be drawn to the fact tbat when it is necessary to libitum, of a piccolo, cor anglais, bass clarionet, 

distribute a pos^e among different instruments, and double bassoon, and, on occasion, even 

in order to avoid a “ break ” at the joins it is further reinforcements ; four horns (occasionally 

advisable to make the parts overlap — that is, to six or eight ; these instruments are always 

let the new part be taken up before the previous employed in pairs), two or three trumpets, two 

one ends [59]. However, even if this were done tenor and one bass trombone, one tuba (these 

in the present instance the passage would still last forming a quartet of brass), two or three 

be uncomfortable, and to obtain the best result timpani, and other percussion instruments at 

we must rearrange it, taking advantage of our the pleasure of the composer. A harp is a not 

knowledge of the violin family to make it lie infrequent addition. 

well for the instruments. The translation given The beginner ^vill feel at a loss to know how 
bears a considerable resemblance to the original, to dispose of this great mass of instruments, 
Ex. 46. Allegro molto (Mendel** son n) 



and is not at all difficult to play. In crossing but let him reflect that it is not at all necessary 

the strings every use is made of the open for all of them to play at once. In his first 

notes [66]. But this is not the only possible attempts at scoring he will do better to err on the 

version. Here is another even easier, though loss side of thinness than the reverse, to which end 

closely resembling the original [67]. A few he should start by writing for small orchestra, 

typical passages may here be given with a sug- or, better still, for theatre band. Lot him con- 
gestion for their treatment, the device of double- sider the wood- wind as the solo stops, as it were, 

bowed notes proving exceedingly useful [68, 60, of an organ, impressing his mind early with the 

and 61]. precise tone-colour of each instrument. 

The Full Orchestra* The term full It will be as well if, at this point, we consider 
orchestra ” is used to denote the collection the wood- wind apart from the rest of the orches- 

of instruments generally found at the prin- tra, and afterwards endeavour to combine them 

cipal London concerts, and for which modern^ with the strings. And, first, as to the tone-colour 
composers are accustomed to write. It con-” of each separate constituent. Can anyone who 
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has hoard Dvor&k’s New World Symphony forget 
the luseious effect of the ffut>e low down in the 
phrase [62] V A typical insUince of the higher 
register of this instrument may found at the 
l>oginning of the second act of “ Carmen,” where 
tw o flutes play [68]. Owing to the flute’s exces- 
sive delicacy the greatest care is necessary in 
accompanying a solo ; strings should be almost 
invariably employed for the purjiose. It may 
1)0 stated, as a rule, that when a wind instrument 
has a melody, another instniment of the same 
kind should not 1 k^ in use. This does not apply 
to the example alx)ve, where the two flutes in 
thirds form the essential feature of the melody. 

The oboe in solo work is best kept in the middle 
of its compass ; the lowest notes are a trifle 
coarse, and tlie highest inclined to be squeaky. 
Its tone is so distinct from any other instrument 
thaly it will probably be the first the stndent will 
learn to recognise. It is well athxpted to pathetic 
phrases and less suited to lively music, although, 
from its association, it is frequently used for a 
pastoral effect. One quotation will suffice, which, 
although rather high, is effective [64]. 

The clarionet is, perhaps, the most useful of all 
the wood- wind, partly on account of its extensive 
.compass. Its tone-colour in the higher register 
diffem considerably from that of its lowest 
i)Ctave, consequently it is possibk? to make an 
exception to the rule given above and allow a 
meknly on one clarionet to bo accompanied on 
another. The clarionet seems to have been 
Weber’s favourite instrument, and a glance at 
almost any of his scores will reveal many beauti- 

Kx. 48 . Andanie (BEETHovjiN) 


ful and characteristic instances of its use. For 
solo use in the orchestra the bassoon has com- 
manded less attention than it deserves ; it has 
great expression of pathos on its higher notes, 
though florid passages low down invariably sound 
grotesque and comic. Beethoven, who treated 
all instruments with loving partiality, has left 
us 8<^)me charming specimens of l>a 680 on wTiting. 
Note the contrast botw^een the moumftil S(do in 
the Rondo of the Violin (kmcerto [66] and a 
passage from the Fourth Symphony [66]. 

Besides these ” primary colours ” there are 
numlK'rless others to be obtained by a judicious 
combination of wood- wind. A few' of the simplest 
may bti briefly mentitmed. Flute and clarionet in 
octaves, usually W'ith the former alxive the latter ; 
a very sweet tone resulls from this combination 
if the music lies in a suitable register. By substi- 
tuting an oboe for the clarionet the tone loses 
something of its pureness, but is rather more 
penetrating. Clarionet and bassoon in oiJlaves is 
also effec!tive if the melody does not lie ti )0 high. 
When more than three inst ruments are combined 
on one part the tone-colour loses distinction but 
gains in intensity, and additional instruments 
make but little difference except in tone- quality. 

Although not strictly of the wood- wind class, 
the horn bears a decided resemblance to those, 
inasmuch as it combines beautifully with them 
and, furthermore, has valuable properties as a 
solo instrument. Its soft, dreamy tone in 
piam is unapproachable. In addition to this 
its tone in a forte is quite “brassy” ; a passage 
for horns such as that shown in Ex. 67 has 
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almost the elfect of trombones. 8ince there was responsible, not Beethoven. The weakness 

are four of them in the orchestra, four- part of the wood- wind when played against the strings 

harmony on horns is possible and exceedingly forte has been insisted on at some length, as it 

effective. Considc'rablc use is made of them, is a fact invariably overlooked by the beginner, 

moreover (espt^cially by German' and modem and his disappointment at finding a choice 

British writei’s), for filling in and sustaining counter-subject rendered inaudible from this 

the middle parts of the harmf)ny, whieh gives cause is generally the best reminder of the 

an effect of fulness to the music ; but this futility of his scoring. He is then apt to acquire 

should not be indulged in to (‘xecss, as it results an exaggerated idea of the weakness of the 

in monotony of colour. wind, and if he scores a pianissimo melody for, 

Now let us combine our forces, and iwld th<M*eto say, a solo 'cello with a light wood- wind accora- 

a couple of < rumpets, three trombones, and a pair paniment be will be horrified at the loudness 

of kettle-drums (timpani). This brings before and coarseness of the latter. Tliis merely bears 

us another question, balance c)f tone — that is, out what was said f)f the smallness of the wood- 

the different degrees of sound intensity possessed wind's range of tone. When anything like 

by each instrument. Until wo know .something delicac‘.y is wanted for an accompaniment the 

of this it will be impossible to say, in any given strings are unapprotw^hable. 

Ijassage, what will predominate. Normally. We are now in a ])OBition k) score some simple 
the higlu'st part will stand out more than a jueces for full orchestra. The Menuetto from 

middle one or the bjiss. But the matter is mt)re Grieg’s Piano Sonata in E minor will be easy 

eomj)lex than this. Score a few bars suitably and effective for a first attempt. The opening 

for full orchestra, mark each part off, and what might be given to the strings — it must b(^ 

is the result ? You will hear the trumj^ts, trom- remembercid that it is not necessary to lay out 

bones, and drums ; if the violins are written the harmony in “ handfuls ” when dealing with 

high up you may hear them to some extent. the orchestra ; at the fortissimo the tone should 

The wood- wind arc inaudible. be reinforced by the addition of the wind and 

Having learned from this which instruments brass, keeping the wtK)d-wind high up and the 

can play the loudest, let us inc^uire which are liest brass nicely laid out .over the harmony, the 

able to play pp. The honouis are fairly divided violins, jKjrhaps, in octaves on the melody, 

here, but again the timpani may be considered At the double-bar the melody in thirds would 

to hold first place with an almost inaudible fit two clarionets, accompanied by strings. 1’he 

roll, followtxl closely by the strings, horns, and accents on the second boat might be reinfonxHl 

the low noUis of the clarinet and flute. With with other instruments. The trio will afford a 

these two exceptions the wood- wind are least good opportunity for the wind and strings to be 

able I/O play pp ; that is, they have the smallest used antiphonally. Score the first eight bars 

range of tone of any save the harp. ^I’liis latter for w'(X)d-wind alone ; the fiute had better have 

instrument is the first to be 8wam|3ed by horns the top part, and the bassoons may be omitted 

and wood-wind, and must- be w’^ritten high iij) or not, at pleasure. The succeeding eight bars 
if it is to bo heard at all. In a foHe without should be strings alone. At the return of the 

brass the strings have it all their own way, unk'ss minuet it would be well to vary the treatment 

the wind are massed together high up, and even somewhat, for the sake of variety, 

then the balance will not be good, in a passage Other pieces suitable for full orchestra will 
from Beethoven's Fifth Symphony [68J it is readily occur to the student. Beethoven’s 

probable that the imitation on the wood-wind Funeral March from the Sonata Op. 26 offers 

has never been heard ; if it luis the condu<*tor good scope, Schumann’s Carnival (a selection), 
Ex. 49. (M()Z\kt) 
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many of Schubert’s 
marches, and Dvor&k’s 

Bohmer Wald ” piano 
duets, although mor^' 
difficult, would bo very 
effective. 

Before we can make 
any progress in modem 
orchestration it is, above 
all things, t^ssential to 
the sludent to hear his 
work performed, how- 
ever badly ; and at 
that performance let 
him listen with all his 
intelligence alert-, ana- 
lysing every sound and 
comparing it with what 
his imagination had 
depicted. He will learn 
more from hearing and 
t‘o mpr eh ending his 
terrors than from pages 
of \^Titten instructions, 
provided he has ac- 
quired the groundwork, 
the technique, as it 
were, of orchestration. 

Much can be done froin^ 
the study of scores, but 
only those he has heard 
and well remembers (he 
effect of in performance. 

It will take years of 
experience before he can 
realise the sound of a score he has never heard. 

We can but briefly refer to the other varieties 
of orchestra previously enumerated. 

The Small Orchestra. The small 
orchestra, as written for by Beethoven and his 
contemporaries, is only the full orchestra with 
the trombones and the second pair of horns 
and all extra percussion omitted. The strings 
are also assumed to be reduced in number, and 
extra instruments, such cks piccolo or cor anglais, 
are not admitted. Both in treatment and effect 
this orchestra may bo considered to stand 
midway between (he full orchestra and the 
theatre band, which latter will repay more 
detailed consideration than it generally receives. 

The Theatre Band. The theatre band in 
its ideal form consists of these instruments : one 
flute, ono oboe, two clarionets, one bassoon, two 
horns, two comets, one trombone, one pair of tim- 
pani and various percussion, and a small selection 
of strings. With a band of these proportions 
the most charming effects can be produced, 
but alas ! it is frequen^ found to bo in a sadly 
mutilated condition. The horns may be missing, 
or the bassoon, then the second clarionet is dis- 
pensed with, and Anally, from motives of 
economy, it is reduced to the septet band — 
string quintet, flute and comet ! Nevertheless, 
there ore quite good theatre bands to be h)und 
in London and elsewhere, and we may devote 
a little space to their consideration, because 
it is most probable that the student’s early 
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attempts will gain a performance by this com- 
bination. 

The methods em^floyed with the full orche^stra 
will want some revising for this differently 
Imlanced force. Take the brass for instance ; 
the ono trombone (a tenor) is apt to appeal 
useless to the beginner, but by writing the 
comets low down, three-part brass harmony is 
possible, and the horns may assist. The first 
comet is perfectly well able (and willing) to 
play the melody, but is easily made to sound 
vulgar in this capacity, and for artistic scjoring 
these useful instmments should be considered 
a compromise between trumpets and trombones : 
moreover, in the absence of horns they will 
make an efficient substitute. 

The principal use of the wood- wind will be 
for solo work, but owing to the paucity of 
strings they seem to possess more sonority 
than usual. The clarionets and bassoon may 
used for sustaining harmony in the middle. 

But it is upon the strings that the chief 
burden of the orchestra will rest. Even more 
than before is this the case, and it is but seldom 
that we can afford to leave them out entirely. 
Owing to their small number it is not often 
advisable to divide thejn, although this has 
been done at times with wonderful effect. It 
should bo remembered that as the orchestra is 
somewhat simkcn the scoring may be made 
rather thicker and noisier than would be 
good for the concert platform. But much will 
depend on the purport of the music ; if it 
is incidental m\isic, to be spoken through, it 
cannot be made too light, and the wind had 
bettor Iw eschewed almost entirely. There is 
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plenty of si^ope in this branch of orchestration The list of their transpiising instnimcnts is rather 

for improvement ; the ordinary composer of t(‘rrifying. The latter is constituted something 

light music seldom troubles to think out new as follows: Piccolo in E?, flutes in oboe, 

effects of scoring. clarionets in E[?, first clarionets in second 

The W iiid Hand. The wind band, as found clarionets in B P , third clarionets in B !? , alto clan'o* 

in this country, is not a very artistic combina- net in EP, four horns in EP, two romots in B*^, 

tion. It consists, approximately, of flute, oboe, two bassoons, two trumpets in EP, two baritones 

two clarionets, two horns (sometimes omitted) two in BP, two euphoniums in BP, three tnjmbones, 

cx)mets, trombone (sometimes two)» rmphoniuin two bombardons in EP, mntrabasB tuba in BP. 

and side-dru^m, thus bearing considerable resem- the brass band the wood-winds are omitted ; 

blance to the theatre band minus the strings. sometimes the clarionets are substit/Uted by 

It IS unnwt^ssary to say more of tliis than has saxophones, wdiich take the place of violins; 

already lK=!en written ; only the simplest kind failing these the comets take their place. It is 

of music IS suitable for such treatment. unlikely that the student will want to write 

The Arnns Rand. The brass band, such for eidier of these (combinations, moreover 

as is heard chiefly in the North of England, some acquaintance with the technique of the 

approximates somewhat to the military band. instruments is almost a necessity. 

Ex. 56 . 
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In conclusion a few practical hints may be of 
service to the inexperienced student. The order 
in which the instruments are arranged in the 
8('oro has undergone some modification, but 
the most usual, and the one which cannot be 
bettered, is this. First, the wood- wind in order 
of pitch (reckoning the lowest note of each) ; 
the horns, followed by the rest of the brass ; next 
the percussion (to save space they may, with the 
exception of the timpani, be written on a single 
line) ; tlic harp (if used). In a vocal work the 
voices may come next, and, lastly, the st/rings. 



Piccolo, flutes, oboes, cor anglais, clarionete, 
bass clarionets, bassoons, double bassoon, horns, 
trumpets (comets), trombones, tubas, timpani, 
triangle, bass drum, etc., harp, voice, first violins, 
second violins, violas, ’cellos, basses. 

The voices are sometimes put in the midst of 
the strings, just above the ’cellos, but it is better 
to keep the strings together. 

It is customary to put reference marks at 
short intervals in the score to facilitate matters 
at rehearsal. Letters are frequently used, in- 
serted usually at the beginning of a phrase or 
other likely starting-point. A still better device 
is to number every tenth bar consecutively. 
This affords additional protection against 60. 

bars being left out by the copyist. 

In cop 3 dng out band-parts it is well to 
endeavour to bring a “ turn over ” at 
a point where the instrument has a 
few bars’ rest, even if this necessitates 
wasting half a page of paper. If this 
is impossible it should be arranged that 
the string parts eaeh turn over at a 
different point. For the same reason 


the two flutes are written in parallel staves on 
the same paper, and the other wind (?orre8pcmd- 
ingly, so that the second may turn over if the 
first is playing at the end of a page. After a 
good many bars’ rest it is safest to write in a 
“ cue ” in red ink, previous to the instmraent’s 
re-entry. Attention to these details will assist 
in obtaining a smooth performance. 

CONDUCTING 

Anyone who has ever taken part in a piano- 
forte or vocal duet must have experienced some 
little difficulty in keeping strict time with his 
fellow performer. Failure in starting together, 
and the slight fluctuations of time that are neces- 
sary for a musical performance, are generally the 
blots on such duet playing. If he has played in a 
quartet the student will have observed this 
difficulty still more strongly ; a nice eiisnMe^ 
as musicians call it, is only to be obtained by 
constant practice, until not only the work under 
performance but each of the players’ idiosyn- 
crasies become familiar to all the performers. 
If, now, we imagine a performance by from 20 to 
100 instrumentalists, the difficulties will be im- 
measurably increased. How are they to decide 
simultaneously the moment of starting ? How 
agree upon the precise tempo ? (The Italian word 
“ tempo ” is used throughout to denote the rate 
or speed of perft)rmance ; time, the English 
equivalent, refers always to the time-signature — 
that is. the number and vahu* of the notes in 

Ex. 59. 



the bar.) How, in short, can they give a per- 
formance that shall be in any way unanimous 
without an infinitude of rehearsing ? It will at 
once be obvious that there must be one master 
mind to direct the powers of the others, and that 
these must, for the time being, be subservient 
to the director. We may gather from this what 
are, in part, the functions of the conductor 
in the orchestra or choir. 

Until about eighty-five years ago the orchestra 
was conducted by the joint efforts of the principal 
first violin (who is still called the leader), and a 
pianist, whose duty it was to fill in any obvious 
gaps caused by the faulty playing of the 





The requirements of a conductor may be 
grouped under two heads: (1) The technical 
knowledge of the code of signals and gestures 
used to indicate the different times, rhythms 
and nuances (light and shade) ; (2) the aesthetic 
knowledge of the requirements of the music. 
It is only the technical side of conducting that 
can be taught here on paper; the a?sthetic8 of 
music can only bo learnt by an exhaustive 
study of the scores and by listening to per- 
formances under the best conductors. 

It is necessary that every movement of the 
conductor shall be deliberate and decided. Any 
hesitation that he may show will bo reflected 
by the players under him, liis indecision will be 
shown by them, hence ho must be very certain 
Ex. 62. (Dvorak) 
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of what he has to do. The baton must be held 
lightly, and the arm and wrist should be free. 
The baton should be kept sufliciently high 
permit of its being seen by everyone, yet no 
higher than is necessaiy or the arm will quickly 
becu)me tired. 

The student will probably know enough of 
musical theory to remember that the first beat 
of every bar is the most important ; it has nor- 
mally the strongest accent, and is invariably in- 
dicated by the conductor by means of a down 
beat flj. The down beat should never be used 
except on the first of the bar ; it follow s that the 
preceding beat — that is, the last of the bar — will 
be upwards. The remaining boafa will be filled 
in variously, accoitiing to circumstanees. The 
principal varieties may be thus tabulated, the 
direction of the beat being shown (approxi- 
mately) by means of diagrams. Two in a bar, 
first down, second up ( 2 ], In a very slow^ move- 
ment in duple time it may be necessary to beat 
f mr in the bar. Three beats in the bar, first 
down, econd either right or left, third up [8]. 

If any of the players are seated behind the 
conductor the second beat should to the 
right, so as to be more visible ; if all are in 
front of him it is quite immaterial which 
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are only required in veiy 
slow tempo, as th^ will all 
bo found to be compound 
varietiGS of duple, tdple, 
or quadruple times. 

Eight and twelve boats 
are both compound 
varieties of four in a bar, 
each beat being duplicated 
for eig^t^ csr triplicated for 
twelve [^, while nine [8] is 
three with each beat tripli- 
cated. 

The irregular rhythms of 
five and seven b^ts in a 
bar. These will generally 
be found to consist of a bar 
compounded of alternate 
two and three, or four and 
three, and may be beaten 
os such if the first of the 
direction is taken. In a veiy fast 3-4 movement, bar be mode clear. Or five may bo beaten as 
such as the scherzo of Beethoven’s Pastoral diagram 9 shows. 

Symphony, thei*o is no time for three separate The movements necessary in beating time 

beats, and “ one in a bar ’’ should be indicated should be made freely and decisively, without 

by means of a decided down beat on the first being jerky. They should be so familiar as to 

and a quick up-beat at the end of the bar. be performed semi-automatically, so that the 

Four beats in the bar, first down, second left conductor’s whole attention may be given to the 

(generally), third right, fourth up [4]. Some requirements of the music. Nothing could be 

conductors reverse the directions of the second more disastrous than to find the conductor 



and third beats. 

Six beats in the bar. This will be indicated in 
two different ways — according to whether the 
time be compound duple (6-8 or 6-4) or a slow 
triple (3-2 or 3-4). The former case will require 
two strong l^ats on the first and fourth of the 
bar, each followed by two lesser beats [6]. The 
latter will be similar to three beats in a bar with 
each beat duplicated [6]. Six and more beats 
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unprepared for a audden change of time. This, of 
course, requires that he be well acquainted with 
the work under performance, and however gimt 
his talents, he should not permit himself to follow 
the example of a certain well-known musician 
who makes his acquaintance of a new work while 
lie is conducting the first rehearsal of it. 

At the start of a piece or movement the baton 
should be held poised in the air for a few seconds 
until the conductor is sure of the attention of the 
whole orchestra, and the first down beat should 
be prefaced by a short up-stroke, which will have 
the effect of giving a more decided and definite 
start. If the music begins on some boat other 
than the first it is not advisable to beat the 
whole bar (unless it be indicated in the score by 
rests), as this may cause confusion to such of the 
orchestra as are counting several bars’ rest; but 
the starting beat should be preceded by a slight 
preparatory movement. 

Exaggerated Gestures. Apart from 
the actual boating of time, numerous other 
indications as to the 
manner of performance 
can be given with the 
liaton or by means of 
gesture on the part of 
the conductor ; but a 
word of warning must 
lie given against the 
habit of exaggeration 
in gesture. Nothing 
loolu worse than to see 
a conductor enacting 
movements of fury in 
order to obtain a con 
jnoco from his band. 

Any special climactic 
effects should be 
spoken of at rehearsal, 
and a slightly broader 
gesture may be useni 
in ijerformance by way 
of a reminder. A pause 
on a note is held by 
keeping the baton 
stationary on whatever 
beat it occurs — usually the first or strong accent. 

It is released bj a short upward flick of the end 
of the baton. There should always be a brief 
interval of silence after a pause on a note before 
continuing. A pause on a rest is, perhaps, bettc^r 
indicated with the baton held poised in the air 
as at starting. 

At the conclusion of a piece the sound 
should be sharply cut off by a quick up- 
ward flick of the baton. It may be bvkcn as a 
general rule that light and piaiw characteristics 
should be accompanied by small and delicate 
movements, chiefly from the wrist, the increasing 
size of the beats to correspond with the increase of 
tone required and the gesture becoming broader 
as the music does likewise. It is assumed that 
the baton is held in the right hand, but it is 
often advisable to use the left hand with it for 
supplementary gestures, indicating breadth an<U 
climax — inde^, many conductors use the lefr 
hand as much as the right, and would probably 
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be unable to keep it still without an effort. The 
left hand can also be usckI for a gesture signifying 
extreme softness ; this is especially useful for a 
sudden piano. 

The Position of the Flayers. When 
any instrument has had a number of bars’ 
rest it is well for the conductor to make his 
re-eutry certain by giving him a signal. A glance 
in the direction of the player or players just 
preparatory to their re-entry will afford the neces- 
sary indication for their guidance. It follows that 
the conductor must know the position of each 
instrument in the orchestra. This varies a little 
according to circumstances. In a tlieatre, band 
space is usually restricted, and the conductor 
may congraiulab* hiinsi‘lf if his trombone and 
timpani are not outside in a jmssage where he 
cannot see them ! But in the concert orchestra the 
arrangement is usually thus, from the conductor’s 
])oint of view : The first violins arc on the left, 
the si'conds on the right, the violas in a line in 
front, the ’cellos sometimes behind the violas, 
hilt fiequently divided 
right and left as are 
the double - basses. 
( Icciisional ly they play 
at (lie same desk os 
the latter — that is, on(‘ 
'cello and bass to each 
desk — this is behind 
the violins. Tlie w'ood - 
\^ind (flutes, oboes, 
clarionets, bassoons) 
sit in a line behind th(‘ 
violas ; if the space 
is small they may be 
in two rows ; behind 
tliera are the horns 
and tnimpets, th(‘ 
trombones and per- 
cussion (KTupying the 
l>ackmost seats. If 
there is a harp it is 
placefl as near the 
<*(«idiicU>r as pemsibU'. 
This is necessary 
jiartly on account of 
the weak tone of the instrument, but alsc» because 
the harpist requires more iiersonal attention than 
the rest of the on^hestra. 

This arrangement must not be taken as invari- 
able, but merely the usual disposition of the 
band at London orchestral concerts. 

The Conductor’s First Performance. 
Now, our fii’st exi>erience of conducting may 
occur in several ways. The composer may be 
asked to coiiducd a performance of liis own 
work by a mort? or les-s well-known orchestra 
(not otherwise will the student be jiermitted to 
experiment on a good band), or he may get 
together an amaUnir orchestral society and 
appoint himself conductor, or he may possibly 
obtain the conductorship of a theatre band. 
We will consider each of these possibilitit»s 
in turn. 

If it is his own comixisition that he is con- 
ducting, the student starts with one great 
advanbigo ; he knows the work in question 
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/at the start, and can give all his atten- 
tion to what he is doing. Very probably there 
will be only one rehearsal, so he must make the 
utmost of his time. His first undertaking will be 
to see that the band parts are all correct, for, how- 
ever carefully he has looked through them, there 
will always be mistakes somewhere. He must 
lisUm very carefully in order to detect which 
instrument is in error, and the moment he stops 
to effect an alteration he will find half the band 
clamouring to have mistakes, hitherto unsus- 
pected, rectified. 

These preliminaries require a clear head 
and a well-trained ear, besides unlimited 
patience, if they are to be gone through suc- 
cessfully. If the orchestra is compostKl of good 
and experienced players, it is not advisable to 
stop them too often, except to set right anything 
important, as they can be trusted to notice and 
correct little errors for themselves, and it is 
impossible to get an idea of the music as a whole 
if the band is sbjpped every few bars. Any 
fluctuations of time (ritardando and accelerando) 
will be indicated in the parts ; this will warn the 
band to follow the beat carefully ; but such 
changes of tempo must be very clearly shown, 
and must not be made too abruptly. 

The Limitations of Amateurs. It 
requires considerable courage for the Ix^ginner 
to conduct another man’s well-appointed or- 
chestra for the first time ; but, given a band 
of amateurs, the youthful conductor, if he has 
had any musical training, may feel far more 
confident and despotic. Ho should be warned, 
however, not to ho too ambitious, but to suit his 
programme to the capacity of his orchestra ; 
for the majority of amat-eur instrumentalists are, 
to say the least of it, indifferent readers. So it 
will often Ik'. advisable to take to pieces any 
difficult i>as8age that may present itself, re- 
hearsing, say, the wood-winds alone, to obtain 
the necessary piano, the violins by themselves 
(more especially the seconds) until they can 
play that semiquaver passage nicely together ; 
the brass, if there is any, that we may hear who 
it is playing a wrong note, and so forth. Before 
conducting w^ell-known works the student must 
ascertain the correct tomjpo throughout, and 
should not deviate from the traditional read- 
ing without sufficient reason until some years of 
experience lie behind him. 

Conducting Theatre Bands. We now 
turn to the theatre band. This is a capital 
medium on which to expend one’s embryo 
efforts of conducting, licsides being a fruitful 
source of experience. Its composition varies 
from the string quartet, comet, and juano 
of the provincial ** smalls” to the well -developed 
orchestra now to be found at a few of the best 
Liondon theatres. It differs in many respects from 
either of the varieties of orchestra that we have 
so far considered. It is smaller in size ; it 
occupies usually a more enclosed space ; is 
frequently out of sight of the listener, and it is 
not listened to with very much attention. It is 
on account of these seeming drawbacks that the 
band is more easily controlled by its conductor. 
He can do things which would be impossible in a 


concert-room ; on an emergency ho may even 
speak with the players. The necessity for this 
facility of control is seen when the band is 
playing music incidental to the stage perform- 
ance. It may have to follow the action of the 
play, which only the conductor can see ; he 
may have to make sudden alterations of tempo, 
pauses where none exist, repeat sections ad 
libitum, or leave out repeats. 

Impromptu WorK. At times the con- 
ductor may have to give out band-parts and 
perform at sight extra numbers to fill in a 
delay between the acts ; in the middle of this 
the curtain will perhaps rise, and the conduc- 
tor must stop abmplly at the nearest cadence. 
This sudden stoppage can be indicated to the 
band by a look and an appropriate gesture ; a 
ritardarulo will even suffice for the experienced 
bandsman. If there is no possible stopping-place 
in the music a diminuendo until the sound is 
practically inaudible is the only resource. In 
dance music, whore every section is marked with 
repeats, the conductor is ac-customed to tap the 
desk twice in quick succession to inflicato “ Go on, 
omit the rop<^at,” whore such omission is desired. 
1< will be found that much light music of which 
band-parts are obtainable is unprovided wdth a 
full score, and the conductor has frequently 
to be satisfied with a first violin part ; but music 
of this character is so simple that this is not a 
great drawboi^k. Jn v(*ry small orchestras the 
conductor may bo expected to pla> first violin 
himself, leaving off to beat time ^Wth his bow 
when necessary. 

CHOIR TRAINING 

In writing for the purpose of assisting the 
inexperienced student over his earliest attempts 
at choir training, it is necessary to consider in 
what circumstances he is most likely to need 
this assistance. It is not in connection witli 
a well-appointed choral society that these initial 
efforts will take place. We are writing, be it 
romombored, of choir training, not choir cow- 
ducting, and in order to obtain a post as choir- 
master to an oven moderately good choir a 
certain amount of previous experience is almost 
a necessity. It is probable that the student’s 
first efforts will be ex}iended on a small and very 
indifferent church choir, the post of choir- 
master not infrequently being combined with 
that of organist. 

That such a choir will most likely be small, 
badly balanced, and badly trained (or else not 
trained at all) is in some respects on advantage, 
as the opportunity is offered of learning the work 
from tho very beginning ; and if the student is 
anything of a musician ho will instinctively 
realise how much there is for him to do, and in 
his energetic attempts to reduce chaos to somo 
order he will lose that feeling of “ newness ” to the 
task, and experience will rapidly come to him. 

The Arrangement of the Voices. A 
choir, if it is to be worthy of the name, should 
be divided into four parts or voices — trebles, 
altos, tenors, and basses, and this arrangement 
should be adhered to wherever poasiblc, os by far 
the greatest amount of choral music is written for 
this combination of voices. The first difficulty 
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to be encountered is to select the members for attempt should l)e made U) introduce words, 

these four parts so that a tolerable balance is The syllables Do, Re, Mi, Fa, Sol, La, Ti (or the 

obtained. If the trebles are sung by boys’ Tonic Sol-Fa equivalents) can be used for the 

voices, as is very usual, they will require to l )0 degrees of the scale. 

more numerous than the other parts ; indeed, Exercises. The next stage should be the 
they may be equal in number to the other three introduction of simple two-part exercises, wliich 
combined without causing any serious dispro- the choirmaster may either invent for himself or 

portion. The altos generally give the choirmaster else obtain from one of the many collections 

the most trouble. If there are ladies in the choir, published for the purpose. Both parts should be 

well and good, but if not, the male voice is rare practised separately, especially the seconds, 

and difficult to obtain, and hoy^' voices will have beftwe they are sung in combination. This 

to be (employed for these. A fair proportion for a remark applies even more forcibly with regaid 

choir of ^ would be : 10 trebles, fl altos, 3 tenors, to the full luactice, which should take place at 

4 basses. If the trebles are sung by women the least once a week ; each single part must receive 

proportion to the other parts may bt^ rather less. separate reheamal before the ensemble is 

Thus our choir of 20 might contain H trebles. attempU^d. 

4 altos, 4 tenors, 4 basses. Perhaps a furtlier We have now advanced to the stage when easy 
improvement would be an additional bass or two. four-part anthems may be rehcai-sed. And here it 
It has been said that the functions of organist may be as well to repeat the advice just given — 
and choirmaster are generally united in one until the music is fairly well kno^^m, no words 

individual, hence it will be obvious that at the should be sung, only the syllables representing 

preliminary practices any organ aceomjuiniruents the notes of tlie st^ale. The reason for this is 

are out of the (|ue8tion ; the choirmaster will obvious. We do not wish the attention of the 

want to give all his attention to conducting singcM’s tf^ be divided between two entirely 
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the choir, any accompaniments that may be ditfereiit and almost equally difficult tasks, f»»r 

necessary to preserve the intonation (and the less the correct pronunciation of words in singing is 

the better) can be played on a piano. frequently a source of much trouble, even to such 

Preliminary Instruction, it will |>er- ehorist/crs as have had a good education. The 
haps ho as well if we assume that the choir we vowel-sounds in tlie North of England are oft cm 
are considering is entirely new-formed, and compounded in a fearful and wonderful manner ; 
has had no i)rcviou8 training. Our first care for that matter, London itself has some strange 
in this case should be to take the younger mem- perv^ersions of English pronunciation, such as 
bers by themstdves and impart some iiLstructions the conversion of the long a into ie, and so forth, 
in the rudiments of music, paying more esp(*cial It follows that exercises in the simple vowel- 
attention to such matters as concern the relative sounds will 1 k^ requin^d. A series of such sounds 
values of notes and restii, time signatures, and the may be rt^eited or sung to a monotone. For 
like. A blackboard ruled with music lines should instance : 

be provided, tind exercises in time written thereon aaa e 6Iio 

should be sung at sight and repeated a few times May ma mat neat net bite bit note 
until absolute accuracy of notes and rests has 6 6u du ii u au ow (»y 

l>een acquired. The above is a specimen of not boot f<K)t but t-une caught now boy 

exercises for beginners, the conductor indicating These comprise all the vowel sounds in the 
each beat with a baton, first quite slowly and English language. Among the consonants that 

afterwards at a quicker speed. will require attention the letter R may be picked 

Such exercises should be invented by the choir- out, especially as a final, and before a vowel ; 
masker on each occasion, and not used over again, indeed, almost all final consonants will show' a 
as they are intended to be preliminary to reading tendency to be eluded, and the letter H will pro- 
at sight. They should be sung to the sounds bbly want some attention. Some attention, too, 

“ ah ” or “ la,” the broad vowel sound being must be given to breathing. If not already 

generally preferable to a closer one. marked, the teacher should indicate the places 

Next, simple intervals may be introduced into in the music where breath is to be taken, and 

the exercises; and now it must bo decided see that it is done quickly, and above all, silently 

whether Tonic 8oUFa or Staff notation is to be Blending the Parts. As regards e'n- 
taught. It is not proposed to enter here on a semble, or the nice balancing of the parts 
distmssion of the merits of these rival systems. one against the other, the members of the 
The choirmaster will probably have a predilection <‘hoir should be taught from the very first 
for one or other. The Tonic Sol-Fa is undoubt- the necessity of listening to the other parts, and 

odiy the simpler, and is said to give the best so endeavouring to make their own efforts blend 

results with pupils of limited intelligence. Staff with the others. They must not consider their 

notation, on the other hand, renders a vastly own part os the most important, unless it is solo 

larger repertoire of music available to its disciples. work they are doing, but should try to sink their 

Until the choir has attained considera^ own individuality for the benefit of the choir as 

facility in singing simple diatonic intervals, ^ a whole. 

Orchestration condvded ; followed by Singinq 
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There are two closely allied cork oaks which 
yield cork — Quercus suher X., and Q. occidentalia. 
These two species belong to the evergreen oaks, 
and have the following characters: 1-eaves, oval- 
oblong ; entire, or more freipiently toothed and 
the teeth jagged ; J in. to 2 in. long ; width about 
I in. ; branches rather scanty ; shade slight ; 
root system strong and extensive, the roots fre- 
quently showing on the .surface ; the growth 
varies with the locality, but is generally slow. The 
most favourable position for the tree is on southern 
slopes, and the best cork and more rapid growth of 
the cork-tree are produced on granitic, siliceous, 
and slate soils. It does not thrive well on limti 
soils, and should have abundant moisture with 
good drainage. 


Where the Cork-tree Grows. The 

cork oak is found in the southern regions of Eurof^e 
and on the northern shores of Africa. It grow.s in 
great abundance in S])ain, especially in tlu' provinces 
of Gerona, Cac^rea, Andalusia, Huclvas, Seville, 
and Cadiz. In Portugal the tree is found in the 
basin of the Tagus ; in France, the St>utherii 
Pyrenees, Var, Mai'itime Al]>8, and Corsica; in 
Italy, Sardinia. Sicily and Tuscany; in Greece, 
Morocco, Algiers, and Tunis. Hie average tem^ra- 
ture of llie countries in which the cork oak nourishes 
is 59' F. In France the tree grows at an eleva- 
tion of l.9()0 ft. to 2,200 ft. ; but in Algiers at an 
altitude of 4,000 ft. The tree is usually raised 
from seed, the large and sweet acorns producing 
trees of full and regular growth and yielding the 
finest cork, while the small, bitter acorns produce 
trees of coarse and inferior nature. The method 
of planting is in furrows 5 ft. to 7 ft. apart between 
rows of gra|)e vines which afford shelter, the acorns 
being placed from 2 ft. to 3 ft. apart. Thinning 
is the only further treatment which is required ns 
the trees grow. 


The Cork Harvest. The first gathering of 
cork takes place when the tree reaches the agc' of 
forty years, about 7 Ih. of cork per tree iWing 
yielded. As the trees grow 
they are thinned out, till at 
120 years there are about 40 
trees per acre. The average 
yield at 120 years may vary 
from 500 Ib. to 1,000 lb. of 
cork at a single harvest. The 
first harvest is the natural 
cork, and has a rough and 
woody appearance. It is of 
no use (o the corkmaker, but 
finds employment for garden 
decorations. This natural or 
wild cork [15] develops as 
the tree grows, and when the oak has attained 
a diameter of from 0 in. to 10 in. the wild bark 
is removed, exposing the mother layer [1«J, or 
libery from which the commercial cork develops [25]. 
The process of barking is simple, but requires 
care, or the tree will be injured, if not killed. 
The barking is done when the tree is in sap as 
at that time there is no difficulty in sejiarating 



SECTION OF 
DECORTICATED 
CORK-TREE 
a. Motlier-bark layer 
h. Conniiercial bark 


the corky bark. The proi>er time is when the 
first mounting of the sap has homewliat slackened 
and when the new leaves have developed. In 
Algeria the pro|)er time is thought to be the end of 
May, but it is later in France. The first harvest 
of commercial cork takes place from six to ton 
years after the removal of the wild bark. In 
gathering the bark a (‘ircular cut is made round 
the tree, care being taken 
not to i>enetrate the mother 
layer ; a similar circular cut 
is made at the l>ottom of 
the tree, and those are con- 
nected with vertical cuts. 
Then, beginning at the upper 
portion, the incision is 
gradually opened with a 
hatchet [3], and the cork layer 
detached, the edge and handle 
of the hatchet being both 
employed in the process. 
If the trees are not more 
than 24 in. in circumference, 
the cork is taken off in one 
piece, which is called a can- 
non, from the facility with 
which it assumes a curved 
shajie after removal. Larger 
trees have the cork removed 
in longitudinal pieces. The 
mother layer develops a 
new growth of cork, and in from seven years to 
ten years’ time the tree is again barked. The 
trunk of the tree is not entirely stripped at each 
barking, a zone being cleared to a height of 30 in., 
and at each barking gradually extended and 
alternated. 
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Preparing the Cork. The cork taken 
from the trees i.s submitted to a cooking process, 
with the object of closing the pores and increasing 
the elasticity. The cork loses weight in the process 
but increases in volume nliout 20 ^ler cent. The 
cooking is effected in cauldrons either of a cylin- 
drical or rectangular form. A vessel of about 
0 ft. square will hold from three to five cwt. of cork. 
The cork is flattened and held in that position by 
weights, water is added, and the cork boiled for 
about an hour. After boiling, the cork is taken 
out, cooled, and then submitted to a process of 
taking off the hard crust or riispa. This is either 
done by hand or machine. The tool used for 
the hand process has a curved blade and short 
handle. A workman can scrayio from two to 
thn'c Hiiuare metre.s daily, the loss in weight 
of tlie cork being from 20 to 30 i>cr cent. The 
loss is greater when machines are used — the two 
systems of machine scraping being the Besson and 
Tousseau. The former, propelled by steam, consists 
principally of horizontal spindles supplied with 
comb- like teeth and turning at a great rate, about 
900 revolutions a minute. The Tousseau scraper 
attacks the cork by means of knives with vertical 
edges, carried on a vertical iron shaft, revolving 
at the rate of 1,400 turns a minute : the machine 
works like a brush. This machine is simpler than 

581)7 



APPLIED BOTANY 


(E 



8 . 


DECORTICATING 

HATCHET 


the Besson and the slabs of cork suffer less damage 
than when worked by inexperienced workmen. 
The cork slabs are next trimmed to proper shape 
and graded for different purposes, the finest grade 
l)cing that nserl for the manufacture of' champagne 
corks. i ' " n 

Making Corks. 

Befoi'e workinar up 
the cork it is again 
cooked for about 
half-an-hour, and 
piled up in a damp 
place so as to kee)i 
it soft, in which con- 
dition it is more 
easily worked. TIk 
slabs are divided 
into strips {rehaiui' 
d/w), the width of 
which is equal to the 
length of the cork, 
and in such a way 
that if the cork be 
placed in the ])osition 
cKTuiued by the slab 
on the tree the fibre 
would run in the 
same direction. The 
workmen cut the 
strips by means of a 
long knife with flat 
surface and curved 
edge called ruchella de 
f'fbnmr f4«|. The 
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4. CORK-CUTTIN(i KNIVES 
a. Strip-cutter witli j^aiigo 
h. t^iiartering kuife c. RouikI- 
ing knife 


strips arc then cut into squares [46] and the edges 
cut to make them octagonal pieces, which are then 
trimmed intosluqieby means of a long knife [4c J kept 
very sharp The knife is not moved, but the cork is 
drawn over it-s edge by a circular curving motion. 
The knife is kept sharp by being whetted on a board 
on each side after every cut. Bungs and corks 
of large size are cut in the contrary direction as 
regards the fibre, and are in coiisc<iiience not so 
effective as stoppers. 

Machine-made Corks. Many different 
machines are employed to make corks, and all 
consist at the base of a knife, the blade of whi<*h is 
])laccd horizontally, being generally joined to a 
piece of wood, and to which a backward and for- 
ward movemtiiit is imparted similar to that given by 
a car])onter when using a ])lane. In moving, the 
knife turns the square cork, which, being attacked 
by the knife, has cut from it a strip more or less 
Ihick, according to the distance from the axis of 
the cork and the edge of the knife. If these are 
parallel, the result is a cylindrical cork ; otherwise 
the cork is conical in shape. The cork is previously 
])rcpared by a drawing- off and a quartering 
machine. 

The first cuts the cork sheets into strips, and 
is generally provided with a self- sharpening 
arrangement for the knives, while the c|uartcring 
machine* cut.s the cork into squares for straight 
or tapering corks, different e^justments being 
mode, accord ing to the product desired. The cork- 
rounding machine is the one which actually 
finishes the corks, a machine l)eing capable of 
making 1,000 corks an hour, ana adjustable 
to make corks from J in. to 5J in. in diameter. 
Another variety of machine works on the prinoihlo 
of a cork-borer [6]. Such roachinca are suitable 
only for straight corks, and the boring i.s do^ 
from the strips, quartering not being ne 4 $clod. * 


Finishing Corks. After cutting, the corks 
are boiled and kept in a cool ])lace for a few days, 
and then sorted into the various sizes. The cork- 
maker has a large basket, or several of them, in which 
he places the corks according to size and quality, 
but this first (jlassification is not sufficient, and the 
corks are re-sorted upon a table. To classify 
aec'ording to size, 8us23endod boxes with a kind of 
grating resembling Venetian blinds at the bottom 
are used, the size of the opening allowing a particular 
size cork to fall through. Cork-counting machines 
are also employed in largo cork factories, and the 
corks are branded with the name of the firm, if 
rcfjuired. In most foreign cork factories the 
corks are submitted to a bloac^hing process if their 
colour is not right. The solution used for the 
procicss consists of a weak solution of hydro- 
rhlori(^ acid, oxalic luud, or binoxalate of potash. 
Fumigation with sulphur is also sometimes practised. 
The colour of corks after those processes is 
often unnatural, but is improved by putting 
them into a revolving yiolishcr with a little whit<* 
or red ymwder, according to the tint desired, the rod 
colour of the Catalonian cork.s being imitated with 
equal y)arts of white and red powder. 

Impregnating Corks. Some of the forc- 
going j)rocesaes are designed to purify the corks 
and yireveni the bacterial contamination of the 
beverages afterwards brought in contact with 
the corks. The phenomena of “ corked ” wine 
is fairly familiar : it is due to bacteria or fungi in 
the cork. A method of preparing corks before use 
in wine and liecr bottles is that of impregnating 
them with paraffin wax. The corks are put into a 
vea.scl which is deprived of its air, melted paraffin 
wax is then admitted, and fills up the pores of the 
cork with an almost impcrce])tible film of yiaraffin 
wax, which effectually sterilises the corks. The 
Hamburger Machinen Bauanstalt have specialised 
in this class of machinery. Another method is to 
sterilise tlu*, corks with formaldehyde before ad- 
mitting the melted wax. 

Other Uses of Cork. Besides the employ- 
ment of cork for stoppering bottles, it is a substance 
which finds many uses iMJcause of its porosity and 
lightness. It is an essential ingredient in linoleum, 
which fuinsists, ayiart from the jute canvas and 
backing, of cork, ])ig- 
ment and a cement 
made by melting 
together oxidised J insoed 
oil, kauri gnm, and 
resin. For this puriiose 
the cork is finel,y ]iow- 
dered in a “ devil ’* 
disintegrator, or similar 
machine. Coarsely 
powdered cork is used 
for cork car|K?t. (>)rk 
.soles are cut out on a 
press, the ])unching 
knives lieing shaped like 
the solo of a boot. 
Cork mats are cut out 
by revolving circular 
5. CORK-CUTTING MACHINE knives, the same prin- 
ciple being also ap- 
plicable to the thinnest sheets, known ns cork 
paper. The last named finds a use for lining luits. 
Cork, being a bad conductor of heat, is sometimes 
used for insulating boilers or yiadding the walls 
of buildings. Its use in artificial limbs is duo to 
the lightness of cork. 
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THE first o|X'ration upon logs coming into a 
^ sawmill is to part them off into suitable 
lengths for cutting down into boards, etc., unless 
it should ha])T)en that the whole length of a log 
is wanted. There are several kinds of machines 
for this W(jrk, employing reciprocaiiing and circular 
saws, and driven by steam, belt, or elecdTicity. 
They are either fixed in a convenient iX)aition in 
the mill or are rendered )M>rtable, to be shifted 
alongside logs, thus avoiding the troublesome 
work of moving about logs of several tons’ weight. 
A direct steam-driven machine (W. B. Haigh & 
(*o.. Ltd., Oldham) is showii in elevation and plan 
in 7, with a log in })OHition. The steam cylinder. 
A, by means of its piston reciprocates the piston- 
rod, and the H»iw-blade, B, attached thereto, the 
teeth l>eing set to cut on the inward stroke. The 
reversal of the piston is not effected by ordinary 
valve gear, but steam is admitted and cut off by ft 
valve, C, o|H‘ratecl through the medium of the guide, 
J), w'hieh, sliding on the guide-bars cottered to the 
front cylinder cover, 
turns a fiat twisted 
strip, E, as it moves, ^ 
and causes the latter pr^ 
to turn a lever, alter- H 

nately o|)ening and cJ X ^ 

elosing the valve. The Ql ^ W 

strip, E, turns easily — — j jr= 

by its round end^in ^ ° 

bearing holes. The “ ' 
cylinder, A, is sus- 
pended by spigots in 
trunnion bearings on 
the baseplate, and a 
(juailrant bolted on 
the rear has worm 
teeth ujK>n it, engaging 
in a w'orm on a ver- 
tical shaft turned by 

thehandwheel, F. This 

mechanism enables the 
attendant to raise or 

depress the saw-blade 7 DIRECT STEAM-DI 


If n '"1 


cutters. Trees 3 ft. or 4 ft. in diameter can be 
felled in five or six minutes. Some largo trcc-follers 
are mounted on wheels like a gun. A hydraulic 
jack, with a concave-hcaded ram, is employed to 
raise trees which have been felled, and are bt'ing 
cross-(;ut, so as to prevent the blade from being 
pinched in the kerf ; wedges are sometimes used 
instead. 

Another class of cross-cut machine is driven from 
an ordinary steam cylinder, with its connecting 
rod working on to a crank-disc, which in turn 
revolves a bent crank of large throw, reciprocating 
a connecting rod coupled to the saw-blade, whicjh 
slides in guides, and is fed downwards by a quadrant 
gear. Fignie 10 shows a ty|)e of machine that may 
be operated either by belt, or by electric motor. 
In the former case the fast and loose jnilleys are put 
on the end of the crank-disc shaft ; in the latti‘r 
the motor spindle is coui>led to the shaft end. The 
flywrheel conserves energy to keep the machine 
running steadily. The blade is fastened to a light 
steel sliding bar ruii- 
ning in guides jind 
' \ ‘ • \ driven by a conneet- 

crank- 

( I guides are 

-<1 \ ' ' ^ / attached to an firm 

Ti — \ - '•y-— X pivot<3d on bearings, 

^ fe(‘d is im- 

25 parted by the hand 

wheel and screw in the 
., y^AA -l vortical slide. The 

heavy weights seen at 
ftv !' the rear balance the 

w eight of the mechan- 
ism at the front. 

Circular saws are 
not used so much as 
these reciprocating 
blades, portly because 
of their greater coat 
and the limitation in 
the diameter of log 

DIRECT STEAM-DRIVEN CROSS-CUT SAW that can bo Out 


and to feed it down- 
wards through the log. The latter is tied to the 
machine by two long rods pivoted to the base- 
plate, and having spiked ends, which are hammered 
into the log. The rt'ason for making the saw cut 
on the inward stroke is that it is thus put in 
tension and docs not buckle as it would if pushed 
outwards. It may be mentioned that this method 
of steam driving was originally devised by Messrs. 
Ransome, of Newark-on-Trent. 

Felling Trees by Sawing, An adapt^i- 
tion of this mechanism is made for tree-felling 
by turning the blade on its side, and employing 
a horizontal quadrant guide to let it slew ai*ouna 
as the tree is cut through. A wedge is driven 
into the saw-cut after the blade in order to keep 
the kerf o^Ksn and pievont excessive friction on 
the blade. When these machines are portable, 
the steam is conveyed by a flexible hose from the 
boiler, which may serve several fellers and cross- 


through, but they 
work more rapidly. A favourite type of machine 
is that represented in 8 (Thomas Robinson & 
Son, Ltd., Rochdale). The circular saw spindle 
is mounted in bearings forming part of a 
carria^ which slides on a horizontal bed lying 
at right angles to the log. The saw is rotated 
by mitre gears driven from the shaft above 
the bed, and turned by the fast pulley of the pair 
at the end of the bed. The carriage is fed by a 
coarse-out screw — both forwards for cutting and 
backwards for return. 

The machine takes saws up to 6 ft. 6 in. 
diameter, cutting through logs 36 in. diameter. 
Circular sawrs of pendulum type are also employed, 
the saw being carried in a long pivoted and counter- 
balanced frame, and driven by a pulley belted from 
another pulley encircling the pivot shaft, so that 
the drive is not affected by the swinging positions 
of the saw. 
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Breaking « down Machines* Logs aro 
divided longitudinally into |)ortions of various 
sizes, known under different names {soe Dictionary, 
which follows a lat *r arlich], and the operation may 
be effected on a single machine or in two successive 
ones. Boards may be cMit direct from the log, or the 
latter may be first broken down into deals (in the 
case of pine), flitches, or planks, which are further 
treated on other machines. 

jAtg saws are those which lH?gin work uix)n the 
logs ind balks; deal and flitch frames are used for 
resawing the deals and flitches into boards. The first 
class of saw may be eitht^r a log frame or timber 
frami\ ti reciprocfiting saw or single- blade hoard- 
or a band-saw. The deal and flitch frames 
arc of reciprocating ty|)e. Circular saws are also 
employed for breaking down logs. Each kind has 
its advantages and disadvantages, which may be 
conveniently discussed as the different types aro 
illustrated. 

LrOg Frames. The log or timber frames com- 
prise a vertical honsimj through which the logs 
pass, and aro divided by a luimber of saw-bla<les 
moving up and 
down. The frame 
saw is the oldest 
ty|)e (»f machine, 
and is onii>loyed 
most extensively, 
though it is slower 
in o])e ration than 
later machines wdiicli 
arc coming rajndly 
into favour. The 
advantage is that 
logs may bo divided 
accurately into 
iKiards, etc., without 
re-sawing, one pass 
sufficing for the 
oiwration. Means arc 
provided for feeding 
the logs through at 
varying rates, either 
by rollers in contact 
with the wood, 
termed roller feed^ 
or by supporting the 
log upon carriages 
f ravelling, by rack 
and pinions, on 
runways, termed rack feed. The roller feed is 
suitable for straight, even timber, on which the 
rollers can get a good bite all along ; the rack 
feetl is used for crooked, uneven logs, or on 
those which are frozen, and would not 1)C gripped 
easily by rollers. The advantage of the roller 
feed is that the logs ean be j)asscd through quickly 
in succession, and there are no carriages to be 
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run back for starting fresh logs, as in the rack feed, 
the result being a considerable saving in time. 

The rack feed is more jxisitive, and is better 
for hard woods, on which rollers aie liable to slip 
under the strain of feeding. The rollers and the 
carriages are actuated by a feed motion derived 
from the driving mechanism of the machine, 
arranged so that the feed is imparted just l)cforo 
or on the down stroke of the saws, which, as they 
cut only in one direction, cannot have a continuous 
feed, as band or circular saws may. The saws, 
which, to work efficiently, must be strained very 
tightly, arc fastened in a saw frame or workittg 

frame, or string 
frame, or saw gate, 
with cotters and 
huckles, and the 
frame slides up 
and down between 
guides which are 
adjustable to take 
up slackness. "I’lio 
number of saws 
(IcjKjnds on the 
width of tlic frame 
and the class of 
work done. 

There may bo 
only one, two, three, 
or four saws for 
o[>ening out a log 
inte thick pieces, 
which may or may 
not be rewiwn, or 
40 to 50 bla(lc‘8 can 
be used for cutting 
a log into thin 
boards. The work- 
ing frames are con- 
structed ill as light 
a manner as pos- 
sible, consistently with strength, in order that the 
moving mass shall not interfere with the easy 
working of the frame, at the high speeds required, 
necessitating hundreds of reversals in a minute. 
The frame.s are built up of wrought iron or steel, 
and in many ca8(?s light steel tubing is employed, 
lieing a very suitable form combining stiffness 
with strength. A frame must be strong enough to 
resist bulging out sideways when all the saM^s are 
cotterod, or fMmmered up in it, otherwise it will bind 
in its guides, although many machines embody 
provision for a little latitude in this way, so that 
if the frame is bulged it will still slide freely. 

In addition to the variations in construction 
already mentioned, there are other differences in 
log frjji-mes, which chiefly coneern the methods of 
driving. Belt pulleys may be located l)elow, or 
above, driving a crank-shaft operating the saw 
frame by connecting-rods ; steam driving, cither 
direct or tlirough the mediun) of a shaft and cranks, 
is another method, and electric motors arc also 
being applied, above or below, with the advantage 
that rnucli of the undeiground shafting and belting 



9 . OVERHEAD- DRIVJSN LOO FRAME 






._‘V 


11 . LOCI FRAME WITH RACK FEED i W. U. llai«:h A' < o., Lt<l., Oldham) 


inentioned previously is abolished. If the motors 
do not drive each machine direct, they may actuate' 
a. line of shafting, from which several machines 
derive power, there l>eing an advantage in this, that 
motors of less power can be installed, since it is 
S( ar<’ely iKiasible that all the machines will be con- 
sinning the maximum power simultaneously, a 
few being sure to run light. 

LrOg Frame with RacK Feed. Taking 
up the details of log frames, we first give side and 
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front elevations [11] of 
a 24-in. frame, with 
rack feed, by Messrs. 
VV^ B. Haigh & Co., 
Ltd. The upright cored 
frame, A, w’hich is seen 
to be well spread out, 
in the side view, re- 
ceives all the working 
])ortions, and ensures 
rigidity and freedom 
from vibration. The 
fast - and - loo.se pulleys, 

B, drive the crank-shaft, 

C, at 140 revolutions a 
minute, the heavy fly- 
wheel on the other end 
of the shaft steadying 
the running, which is 
apt to be irregular as the 
saws cut on the down 
stroke and run free 

on the up stroke. The combined connecting-rod 
and crosshead B couples the erank-pin to the two 
long rods EK which art^ pivoted to tlie saw 
frame F sliding between the guides in the frame, A. 

The timbers G<L bolted to brackets on the frame 
A, are for the pur|K)se of carrying rails upon which 
a rack carriage runs, the top of O b€*ing at the floor 
level of the mill, the rest of the frame and driving 
mechanism lying, therefore, below the floor. A 
bit of the table is seen at H, and on top of this 
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the log is 8iip];)ortod in a manner which will be seen 
Ittter. The feed to this ttiblc is effected through a 
row' of rack teeth on its underside, worked by pinions 
on a shaft lying immediately below 'it, and con- 
nected by two sets of gears with another shaft, J, 
having a large wheel with a rim of 
V section. This is given a partial 
rotation at each down stroke of the 
saw gale by a smooth pawl cut 
eccentrically to jam into the vee as 
the lever L lifts it, through the 
medium of the short slotted lever 
M, rocked up and down by a 
lever coupled to the top end of 
one rod, E. The position of the 
lever L on M is variable by means 
of a short screw and a hand wheel 
which makes provision for obtain- 
ing different ratios of feed 
to the l)alk N. The 
device, which is univer- 
sally adopted, is termed 
the silent rntehetj or silent 
feed. A rapid motion can 
also be imparted to the 
table in cither .direcition 
lor bringing a log up 
(juickly or returning the 
<*arriage for another log. The belt pulleys 0 carry 
o]:)en and crossed belts, either of which may be 
shipped on to the central fast pulley to drive 
through the shaft J, clutched into or out of 
action, and connected to the pinions driving the 
table through two sets of gears having varying 
ratios, either of which can be employed, for fast or 
slow movements. The timlxir is held down firmly 
by rollers, P, on shaft/S which are supported in 
sliding racks moved uj) 
and down by pinions and 
gears, operated by the 
hand wheels QQ, which 
have weighted levers 
allowing a little freedom 
of movenuait should the 
log recpiire accommo- 
dation in passing through. 

T’wo rollers are also 
located beneath the log, 

MO that it is held quite 
steadily. 

Figaro 12 illustrates a 
cljiss of dog commonly 
employed for gripping 
the log at each end 
upon tlio rack table, the 
pincers or jaws l>eing 
connected with toggle 
levers, and oi)ened or 
closed by means of a 
central screw. The set 
of levers is carried on 
a shaft held in bearings, 
and a screw is placed 
at one side to enable 
the attendant to adjust 
the dogs laterally to suit 
crooked timber. 

Log Frame with 
Roller Feed. The 
roller-feed frames, of which an example is given in 
12, pro^l the log by the contact of fluted rol^s, 
positively driven ; in some machines rollers are^ed 
only beneath the logs, the top rollers being simply 
plain, but in the compound types both top and bottom 
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rollers are driven, thereby giving a powerful drive 
which will even caiTy logs covered with ice past 
the saw’s without slipping. In the drawing of the 
machine (also by Messrs. Haigh) several points of 
similarity to the previous design wdll bo noted, but 
the mode of driving is different, being 
effected by belt pulleys located on the 
shaft at the bottom rotating crank-discs 
at each end, and moving connecting- 
rods on the outside, connected to ex- 
tensions of the saw-gate. This form of 
construction enables the height below 
the floor line to be reduced, a feature 
which is valuable when deep excava- 
tions are difficult or inconvenient to 
make. The feeds are derived similarly 
to those already described, with a silent 
V wheel, but the motions have to bo 
conveyed to the four shafts of the ser- 
rated feed-rollers, which arc 
rcvolvt*d sinniUanc'ously 
by connecting them up 
with mitre gears and 
shafts. The log is sup- 
])orted on two carriages, 
one being shown in the 
side elevation, and soy)a- 
rately in jflan view, run- 
ning by trolley wheels on the rails secured to the 
to]) of the beams that are flush with the mill floor. 
Each carriage lias a pair of pivoted arms carrying 
screws which clamp the timber, and as the arms 
are held on a shaft they are able to slew a little 
should the log rise or fall in }>as8ing through the 
feed rollers. The screw forming j)art of the pivot 
shaft [see the jilanJ jirovides for side adjustment 
to suit crooked logs. The machine is arranged 
also to saw deals, for 
which purfiose a (souple 
of fences (seen in the front 
view) are placed in posi- 
tion, and side prc8siu*e is 
given to the deals by 
flanking lovers which are 
mounted on vertical shafts, 
twisted by (piadrant racks 
ojxirated by hand wheels. 

When it is impossible 
to get out deep founda- 
tions in the mill, top- 
driven frames are installed, 
by which the length of 
frame below the floor is 
reduced to a small 
amount. Figure 9 
(Thomas Robinson k Son, 
Ltd.) is an example of 
an overhead-driven type, 
actuated by a belt ])ulley 
on the crank-shaft on 
top of the frame. This 
pulley and another on the 
other end are heavy and 
counter-balanced, to act 
as flywheels ; a loose 
outer pulley receives the 
belt when the machine 
has to be stopped. A 
roller feed is given to the 
logs, one being shown in position, resting upon 
its scrow-dog carriages. A deal-sawing apparatus 
can be combined with the machine, for which 
two fences, seen at the front, on each side of 
the log, are moved across into position to guide 
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the denis. A good view of nn under^rivm machine 
by the stune lunkers is given in 16, having rack 
feed. The dogs gripping the piece of log being passed 
tlirough are of the toggle type, and the rack table 
is seen resting n|K)n its rollers carried upon the 
horizontni timbers. A very heavy Robinson frame, 
constructed for entting up massive logs of round or 
H(|iiare section, is illustrated in 14, with a big log 
place. The ca}»a(;ity of ^ 
the largest machine is up 
to logs 48 ill. by 30 ft., 
the pulleys making 100 
revolutions |M‘r minute. 

The connecting-rods work 
on the outside* of the 
frames from crank-discs 
lie’ow the door, and the 
feed is a silent ratchet 
and fluted rollers of 
duf)fcr or eonipound pat- 
tern, the bottom ones 
l>eing driven f>y spur 
gears and the top ones 
by pitch chains. Tin 
frame as shown is carrying 
30 saws. 
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are made by Messrs. Ransome, taking logs 
from 14 in. to 30 in. square, the entire machine 
weighing three tons in one case, and seven tons in 
the other. 

Double Frames. Double log frames have two 
seta of saws, which operate on two different logs, 
simultaneously, though at different rates of feed, 
if necessary. The capacity is thus greatly increased 
— , without much increase in 
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Semi-portable Frames. Tn what are called 
colonial bn‘aking-down frames the uprights and 
horizontals arc often constructed of timber, built on 
the spot where the machine is erected, the makers 
of the frame su]>plying only the iron portions. The 
machines are then of aerni-portahtc ty|K‘ — that is, they 
can be dismantled and removed without much 
trouble. Figure 16 shows a machine of the class for use 

in forests, as it apj»ears before the 

flooring is built around the table. 

Two heavy timbers are laid on 
the ground, and the iron uprights 
are attached to them, and steadied 
with sloping lie rods. Tfw* hori- 
zontal timl>ers for the table rollers 
arc supported by wooden uprights 
at each end, and the connecting 
rwls at the sides are also of wood, 
with ends of st<*el. Tlie capacity of 
Messrs. Robinson's largest machine 
is for logs (K) iu. by 30 ft. Driving 
is efleeted by belt from apnrtalile 
steam engine. In some frames 
even the u plights are of wood, 
supported at the top by cross 
]>kH*es. These frames usually carry 
only a small nuniljer of saws, for 
dividing logs into convenient 
pieces for transit. 

Portable Frames. The 

strictly jxniMc franu'S are 
mounted on trolley wheels, as 
in IB (A. Ransome & Co., Ltd.), 
with shafts and all appliances 
for hauling. The machines are 
drawn into an excavation of 
sufficient depth to allow the 
horizontal sleeiKrs, on which the 
log carriages travel, to rest u)K»n 
the ground ; the carriages nm upon 
the rails, wdiich may be oontiniiod out to any length 
desired. Belt driving is adopted, working a central 
crank, conn e<* ted to the? orosshead of the saw gate. 
The feed is deriverl from an eccentric or slotted 
disc on the face of one flyv'heel working up by a rod 
to the silent wheel, this being a method often 
followed instead of getting the movements from 
the saw frame itself. Four sizes of these machines 
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space occupied. In what 
are termed equilibrium 
frames, the two sets of 
saws are worked iip and 
douTi by connecting rods 
attached to cranks at 
di^eront angles, so that 
as one frame is rising, 
the other is going down, 
thus balancing the irre- 
gular forces, and enabling 
steady running to be 
obtained without the 
use of heavy flywheels. 
Each log is, of coui'se, 
fed with its own inde 
pendent feed motion. 

Steam -driwen Frames. The steam engine is 
applied to log frames in a direct manner, by attach- 
ing the piston-rod of a cylinder placed on top of 
the frame to Uie crosshead of the saw gate to produce 
the reciprocations. Two advantages accrue from 
the design ; deep foundations are disiKmsed with, 
and the machine is iiide|)endent of l>clting and other 
engines, which may be already fully loaded, although 
at the same time there is sU'am 
to spare from the boilers. A 
steadying effect is obtained by 
carrying connecting rods down 
from the siiw frame to cranks on 
a flywheel shaft just below the 
feed rollers, this shaft also 
operating an eccentric to work the 
cylinder valve. Sometimes one of 
the fiyw’heels is turned to rr^oeive 
a licit, driving on to the pulley of 
a separate circular saw for re- 
sawing the product of the log 
frame. 

A special tyjie of machine 
which is useful under certain cir- 
cumstances has a narrow frame 
for sawing flitches, and an outer 
projecting blade carrying a single 
saw for squaring logs, or cut 
ting boards from them, while fed 
past on a carriage. It is used 
chiefly in cases where the amount 
of work done is small, or the 
power limited. 

The rates of feed employed on 
log frames vary from 6 in. to 
5 ft. ix?r minute, with quick 
return. The travel of the saw 
teeth ranges from 450 ft. to 800 
ft. |ier Tuinute, The output, of 
course, varies enormously, accord- 
ing to the class of timber, its condition, and the 
condition of the saws. 

Deal and Flitch Frames. The deal and 

flitch frames are constructed for resawing deals and 
flitches itroken out from logs in the log frames. 
They bear some resemblances to the latter, 
especially in methods of driving, but the feeding 
arrangements are modified, chiofiy because the deals 
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are not irrogularjy-shapod like logs. The doulile 
principle is also carried out more frequently, for 
sawing two deals at once, and even then the frames 
are narrow by comparison with those for logs, as 
the deals are sawn edge-ways up. Overhead-driven 
and under-driven frames are 
employed, as in log machines. 

The timbo's nro fed through 
the machines by fluted rollers, 
which are firessed on the under- 
side and top of the deals as well 
as at the sides. Those side 
rollers are carried on swings to 
automatically take up any un- 
evenness in the thickness of the 
deals. The frames are arranged 
to take four or five saws jier 
inch in width, as against the 
coarser pitching in log frames, 
of one ]>er inch, or thereabouts. 

S}>eeds are higher than for log 
sawing, ranging from (KK) ft. 
to 90() ft. a minute, and feeds 
up to 8 ft. per minute. 

Equilibrium Deal 
Frame. Figure 17 illustrate.s 
an under-driven deal frame of 
the equilibrium type, by Messrs. 

Thomas Robinson & Son. Ltd, 

The timber is fed through the 
frame by horizontal and verti- 
eal flut/ed rolls,])o.sitivoly driven, 
and the back of the wood runs against fences in 
which a number of little smooth rollers are laid, 
to form an anti-frictional contact. The fences arc 
provided with means of lateral adjustment for 
setting the deals without altering the position of 
the saw blades. Pressure is 
applied upon the top of the 
timbers by smooth rollers fixetl 
in pivotc'd levers which arc 
atljustabh'. In the machine 
under consideration we have 
an entirely different method 
of getting the feed — by friction 
l)e tween a small leather- 
covered roller pressed against 
the face of one crank disc, the 
effect of which is to rotate the 
roller and itj4 shaft, going up 
to a worm and wheel connec- 
ted to the trains that drive 
the foe<l rolls. A hand wheel 
operating a screw on a spindle 
lying parallel with the shaft 
enables the attendant to vary 
the position of the roll across 
the face of the crank disc and 
so to produce faster or slower 
rales, as the roll is nearer to or 
farther from the centre of 
rotation. This drive is not 
quite so powerful as the silent 
ratchet, but it admits of in- 
stant variation to suit the 
work being done without stop 
ping the machine. (The prin- 
ciple of the friction feed has 
b^u described on page 962, 
and illustrated in 116, page 903.] Several standards 
fitted with rollers are provided to support the timber 
as it passes along, a regular carriage bei 




sary, the surfaces of the deals being regular, unlike 
those of logs. 

Double Deal Frames. An overhead- 
driven frame, by the same makers, is shown in 19, 
the operation being like that of the log frame in 9. 

with fast and loose pulleys. 
The connecting-rod is fixed to 
the saw frame, and is flanked 
by the two sets of blades. Al- 
though this is a double frame, 
it is not of the equilibrium 
type, there being only one con- 
necting rod. The feed is of 
the friction style, but ns the 
driving wheels are at the top 
of the machine, the roller has 
to work from the face of one 
of them, with the result that 
the feed shaft is inverted. 

The double feed frames are 
usually preferred on account of 
their greater output, the single 
ones l>eing employed in saw- 
mills whore there is not a 
sufticient volume of w'ork to 
kce*]) a double frame properly 
occuyiicd. The s])eeds of frames 
rangcj up to as high as 36D 
revolutions in the equilibrium 
types, but these high speeds 
are not possible when the 
frames are workcnl from a 
single-throw crank-shaft. 

The reason for combining deal sawing apparatus 
witli a log frame, as mentiomd in connection 
with two of the log frames previously described, 
is that many users have insufficient work to war- 
rant the installation of both 
log frame and a 
frame. 

The combination ma- 
chine, therefore, meets 
cases of this kind. After 
a number of logs have 
Isjcn broken down into 
deals and flitches, the 
deal sawing apparatus 
can bo set up, and 
boards c^n then be cut. 

Although the majority 
of deal frames are fitted 
with roller feed, a few ar(‘. 
made with rack feed, of 
a similar character to that 
of log frames, their iwinci- 
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pal value being for driving 
hard or irregularly-sawn 
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peces- 


lard 
woods. 

The foundations for these 
frame saws are necessarily 
constructed in a solid and 
unyielding fashion, to witli- 
Btand the shock of the 
ra])id reciprocations. 
Masonry or concrete sup- 
jK)rts arc placed under 
the bases, and the floor 
of the sawmill has no direct 
connection with these foun- 
dations, but simply servos os a staging by 
the use of which the timber may be handled and 
moved about. 
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DYEING 

Nature’s Colouringft Still Used in Industrial 

3 

Dyeinfif. The Revolution of Artificial Dyes 

Continued from 
IM«e57(tt 

By HERBERT ROBSON 


Logwood* ThiH dyowood has withstood the 
attack of the artificiixl dyestuffs better than any 
of the natural dyes on account of its cheapness, 
comparative ease of application, and its excellent 
qualities of fastness to light, washing, and acids. 
It in not fast to rubbing, however. Coal-tnr 
colour- makers periodically announce the advent 
of a perfect substitute, but the question of price 
keeps logwood on its throne ns the most important 
of dyestuffs for cheap blacks. Probably some of 
the modern sulphur blacks are its severest com- 
jwtitors. Logwood is the wood of a tree known 
as Ilopmatoxylon campechianivm. The best quality 
was formerly grown in the Bay of Cam peachy, 
and the French still call it Cam}3eacliy wood, but 
we get our supplies mainly from Honduras and 
the West Indian islands, and Jamaicja logwood is 
now considered the best. I.iOgwood contains a 
yellowish -white crysttillinc body called hamatoxyliti., 
which oxidises in the air and takes a high colour. 
It is then known as hfprnatin^ the actual colouring 
principle of the wood. 

Logwood reaches England in large logs, and these 
are converted into chi))s, plentifully sprinkled with 
water and exposed to the air. The "temperature and 
the state of the weather has a great inllucnco on 
the wood during this process of “ ageing,” and it 
requires exfKsricncr*. In unskilled hands the wood 
may be over oxidised and the colour lost. This 
has brought logwood extract/S into favour and in 
particular haematin, procurable in liquid, powder, 
or crystals. These are dearer, however, than the 
wood, which must still be used for many purposes. 

Logwood is dyed in the usual manner employed 
for mordant coiours. The material may be dyed 
first and then mordanted, a method sometimes 
]>referred by the wool dyer, but it is usually mor- 
danted and then dyed. The ono-bath method, 
using dye and mordant together, is sometimes used 
but causes a waste of dye, and for the same reason — 
that is, the precipitation of the dye in the bath — the 
colour is liable to rub off the goods. Even when 
cotton or wool are first mordanted and then dyed 
there is still loose colour on the fibre, and to fix this 
the goods are mordanted again after dyeing — a 
process which is called saddening. 

Dyeing Cotton* Logwood is used almost 
exclusively for full, bloomy blacks on cotton, rarely 
for greys. An iron mordant is used, fixed with 
tannin. The modern practice hardly differs from 
that followed in the days before the aniline dyes, 
and the following old and approved rocii)e is little 
varied from. 

Full Black on 20«lb* Cotton. To a vat 

of cold water add 5 lb. of sumach, enter the goods, 
give a few turns and leave all night, then pass 
through lime-water ; add to this 2 Ib. of copi^ieras 
solution and a pailful of the old sumach liquor; 
enter, and give six turns; wring out; enter the lime 
vat again, and give two pails more lime liquor ; then 
scald fi lb. of logwood and 1 lb. of fustic, add this 
to another vat of water, enter, end give 10 turns, 
lift, and sadden with a little copperas, in the same 
liquor, and soap. 
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Sumach extract is now used in a hot solution, and 
a proportionate amount of logwood and fustic 
extracts are employed. For the Lest class of goods 
“ nitrate of iron” (ferric sulphate) or acetate of iron 
is used instead of the copperas. A very ordinary 
method with cotton cloth is to pad the goods in 
acetate of iron, dry, pass through lime-water, and 
dye in logwood extract. Another largely used 
process is to use sulphate of copper as the mordant. 
Formerly, the best purple that could l)e dyed was 
got with logwood, and this is still used occasionally. 

Fast Pilule on 20-lb. Cotton. Give a 
blue bottom in the copperas vat, then a few turns in 
cold water, with a little stannous chloride at 2® Tw. 
In another vat add 4 Ib. or 5 lb. of logw'ood 
previously spent, enter and give eight turns. 

Lavender shades are dyed in the same way with less 
logwood, and light blues are dyed in the copperas 
vat. Chrome may be used as the mordant in black 
dyeing, but the result is not so good as with iron. 

Dyeing Wool. As lately as 1890, Hummel 
asserted that ” logwood is the essential basis of all 
good blacks on wool.” The mordants are generally 
either copperas or chrome. The latter i» now the 
favourite, but it makes the wool harsher than 
copperas, and liable to take a green isli cast if the 
chroming is not uniformly done. 

Copperas Black. Two methods are adopted, 
the latter being the more usual. For 100 lb. goods, 
mordant with 5 lb. ferrous sulphate for IJ hours, 
adding 2 lb. copper sulphate, 2 lb. alum, and 10 lb. 
argol to the bath. Lift, squeeze, and let the goods 
lie over night. Then dye with 50 lb. logwood at 
the boil. The result is a bluish black ; add about 
2 lb. of fustic to the bath. 

Or, for the same quantity of wool, boil it for 1 J 
hours with 50 lb. logwood and 5 lb, fustic ; lift, 
cool, add 5 lb. ferrous sulphate and 2 Ib. copper 
sulphate ; re-enter, bring to the boil in threiv 
quarters of an hour, and noil for half an hour. 

A well-known black, invented by a Lille chemist 
and sold as Bonsor’s Patent Direct Black, is a 
logwood preparation obtained by precipitating log- 
wood decoction with copperas and copj)er sulphate. 
It is rendered soluble by the addition of oxalic acid, 
and used in a single bath, fustic being added to 
tone the shade. 

Chrome Black. The wool is mordanted as 
usual with chrome — that is to say, with 3 lb. 
bichromate of potash and 1 lb. sulphuric acid to 
100 lb. of goods. The dyeing is done at the boil, 
with 60 lb. of logwood, the shade being toned as 
before with fustic. Where yarn has to stand 
milling with white yarn it is saddened, as already 
noted. A direct black may be made similar to 
BonsoFs by precipitating the logwood with the 
olmome, the lake thus obtained being dissolved with 
oxalic acid for use. 

Wool is frequently given a light bottom in the 
indigo vat, and dyed either a copperas or a chrome 
blaoK. TLese are called wooded, Hack. 

Dyeins Silk. Logwood is largely used for 
silk, exclusively for black. The silk dyer weights 
the silk in the operation, and as the process is long 
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and intricate, and varies with each description of 
silk, it does not come aithin the scope of this work. 

Cutch and Gambler. These closely allied 
dyestuffs are still largely used by the dyer, and 
will probably be able to compete tirith tlie artificial 
dyestuffs for many years to come, Bombay cutch, 
or catechu, is considered the l>est quality, and 
is obtained from the species of Ateta, l^ngal 
cutch, containing more tannin but less colouring 
matter, is obtained from species of Acjocia and 
Mitnosa, Gambler, sometimes called cube or yellow 
cutch, is obtained from a Batavian shrub, Uncaria 
cakchu. Formerly, it was thought that these 
dyestuffs were earthy matter, and they were called 
terra Japonica, Japanese earth. Gam bier was 
looked u)x>n as merely an inferior quality of cutch, 
but the main difference seems to be that it is less 
oxidisable, and an article on the market known as 
patent cutch is prepared from gambier by adding 
oxidising agente. 

Cutch and gambier liavc been (‘lassed as tannins, 
and, as a matter of fact, they contain about 00 ]>er 
cent, of tannin to 8 |)er cent, of colouring matter. 
This colour puts cutch and gambier out of the 
question for mordanting cotton, but gambier in 
))articular is used largely in tanning. The reactions 
of cutch with the various mordants is very varied, 
and it is used for a variety of compound shades, 
especially browns, drabs, and faw'ns, which arc very 
liernianent. The quality of the dyestuff is msually 
gauged by the cxt4*ut of its solubility in cold water. 
Gambier is almost insoluble, but dissolves readily 
in hot water. 

Dyking Cotton. An old recipe says : Brown 
on. 20 Ih. cotton. Sjiend 0 lb, of cuUjh with 0 oz. 
of sulphate of cop}x?r in boiling water. U'urn th<J 
cotton over in this bath for about 15 minutes. 
Knter another btith made up with bichromate of 
potash at the boil. llc]ieat the Iwiths until the 
cotton is dark enough. This is nearly the modern 
practice, except that the cotton is allowed to lie 
for some hours before entering into the bichrome 
bath, Cutch and gambier are largely used, together 
with other natural colouring matters and with 
artificial dyes, to produce coiu|x>und shades. 

Dyking Wool. Wool is dyed like cotton, but 
cutch is not a favourite with the wool dyer, as 
it gives the material a harsli handle. 

Dyeing Silk. Gambier is largely used in silk 
dyeing, as it acts os a weighting material as 
well as a dye, and rc-sists the soap baths, which 
cutch does not. As long as weighted silks can find 
a market, gambier will l)e most im|K)rtant weighting 
material to the silk dyer, as he can use ns much as 
200 per cent, in the bath. 

Mmdder. Madder is the root of the Rubia 
tinciorum, a plant indigenous in Asia hut long 
cultivated in Kurofie, and in the seventeenth 
century the attempt was made to grow it in 
England. BefOTe the days of the artificial dyes it 
was looked upon as the most important colouring 
matter for the calico prhiter. In dyeing, it whs 
used to produce the brilliant Turkey red on cotton 
by a long, difficult, and even dan^rous }>rooeHS. 
In this use it is now supplanted by alizarin. 

Madder still finds a limited use in wool dyeing, 
generally together with other natural colouring 
matters, to produce very fast drabs, especially on 
thick felted material, such as hat bodies, on aoooimt 
of its penetrative power, which is not possessed by 
its siinstitutes. Madder gives a wide range m 
shades with the various metallic mordants^ 

Both the ooiourmg principleH of madder, "izarin 
and purpurin, are produced synthetically at a mueh 
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lower cost than an equivalent quantity of natural 
madder, and the ease of apx^lication is altogetlier 
in their favour. Madder, however, contains also 
a brown colouring matter that is absorbed by wool. 

Its groat penetration maket it serviceable for 
dyem^ thick felts — hat bodies, for instance. Even 
for this limited use, madder is less and less employed, 
as certain substitutes have been found, such as the 
cloth reds sent out by several firms, which give 
rfectly satisfact-ory results. These, moreover, can 
eomoined with fustic or logwood in a similar 
manner to madder. For instance, a cheap brown, 
very fast to light and milling, is got with Qaytoa 
Cloth Red (CSajd^on Aniline Company), fustic, and 
sumach, in a siimle bath. The woollen is boiled 
with the dyestuffs for 1 hour to I J hours ; the 
material is lifted, cojiper sulphate is'added to the 
bath, and the cloth is re-entered and boiled for 
half to iliree-quarters of an hour. 

The R.edwoods« These arc divided into 
two categories — the close or hard woods, such as 
camwood, bar wood, and sandal, also called sanders 
or saunders-wood, and the woods in which the 
colour is much more soluble, obtained from several 
species of Casalpinia.. These have a strong family 
liWncHs, and are termed indiscriminately Brazil 
wood or peach wood in the dyehouw. Peachwood 
has nothing to do with the peach-tree ; it is so 
called l)e(!au8e it was imported from Campcachy. 

Insoluble Redwoods. 1'he two catogora^s 
are known as insoluble and soluble redwoods, 
although the first term is not correct ; the hard 
woods arc soluble slowly and with difficulty. 

Mtihogany is closely allied to these woods, and 
used to be employed for very fast drabs on cotton. 
The writer has seen a pattern prepared for the 
instruction of students, but the colouring matter 
is too weak for practical use. 

(■amwood is the strongest and most serviceable, 
and the shades it gives ai’e very (lermanent. It 
is also com pfira lively soluble. 

Bar wood resembles camwood, but it is practically 
insoluble in cold water, and boiling water parts with 
much of the colour it takes up when allowed to 
cool. The method of dyeing on wool is to stuff — 
that is, to boil in contact with the wood in a sta te of 
siiwdust; the partuiles of wood must mix with the 
fibre — and to after-treat or sadden with the moidant. 
This is the usual prfx^ss with the other insoluble 
mlwooda 

Sandalwood is very similar to barwood in its 
properties, but the solution Bmells like orris, whereas 
theuarwood concjociion is cxlourless. These woods 
cannot be used on silk, the method of dyeing pro- 
scribing it. Barwood red on cotton was wiown 
as mock Turkey red, but the alizarins have driven 
this out of the field. These woods are chiefly used 
now for comfiound shades on wool obtained by 
using them with logwood and fustic. 

The Soluble Redwoods. Brazil k said 
to have obtained its name from its flame coloured 
forests {brasas, a glowing fire) but the ''brazil 
woods ” now come from many parts of the world. 

Brazil wood was a Government monojmly at one 
time, and was hence called by the Portuguese, 
queen ’Wood. . The Brazilian supply near the coast 
was used up, and although it was grown in abun- 
dance in the West Indies the demand for it was so 
great that the supply was quickly and extra vag^tly 
exhausted. There is probably very little Brazil 
wood properly so called on the market. 

Pftrnambuco, Lima wood, Sapan wood. Peach wood, 
which is also'called Niearaqma wood or Santa Martha 
wood, and Jamaica tuood all contain the same 





colouring matter, hrazUin, in varying qualities. They 
are used to some extent in silkdyeixig, giving shades, 
however, inferior to those obtained with cochineal. 
They are principally used on alum-mordanted 
wool to get bright crimsons, and to dye purples 
on a chrome mordant. 

Fustic, This is wood of the Morus tincioria^ 
grown principally in Brazil and the West Indies. It 
18 known also as old fustid, Cuba wood, and yellow 
Brazil wood. Fustic is not used in cotton dyeing, 
only for compound shades on silk with other dye- 
stuffs. It is principally used us an extract procur- 
able in red or yellow shades, and for heavy woollens. 
It is the most important of the natural yellow 
dyes. On a chrome mordant it gives the pretty 
shade known as dd gold. The brightest and lastest 
yellows are got with stannous chloride as a mor- 
dant. It is used principally, however, for comjKiund 
shades, as the yellows are not very permanent. 
With copjier sulphate it gives olive shades, and the 
dyeing can be done in a single bath. Dark olives 
are got with ferrous sulphate as a mordant, and the 
single- bath method gives good results. 

Fustet, or Young Fustic. This is the 
wood of a Byiecies of sumach, Jthihi cotmus^ and 
was formerly called Venetian sumach by English 
dyers. The French dyers first called it fustet or 
fustock, and as the names fustet and fustic were 
easily confounded “ young” was added ns aqualiGcu- 
tion, although fustet has no relationship to old 
fustic. It was never, wo believe, used for cotton, 
and the yellows and oranges it gives on wool 
are very fugitive. Hummel in 1885 said that “ it 
would be no great loss if it disapj^eared from the 
market altogether,” and it is now almost obsolete. 

Bark, or Quercitron. This is the inner 
bark of an oak, Querevs nigrat indigenous in North 
America. Dr. Bancroft first introduced it into 
England, and in 178G obtained a monopoly from 
Parliament giving him the sole right of importing 
it. The decoction has a yellow orange colour, 
and must be used fresh. It is sold also in the 
form of extract. It coiitaius a large i)ercentage 
of tannin, and was formerly used for dyeing cotton 
yellow. It is now' principally used in calico printing. 

Flamne is a preparation of (juercitron bark 
ini])ortcd from America as a fine light dun- 
coloured powder. It is stronger and gives brighter 
shades than bark, and has almost superseded 
quercitron in the dye-house. Its principal use is 
on wool to give bright orange shades on a tin 
mordant. 

Persian Berries. These are the unripe 
fruit of various siTccies of JRhamniiSf a plant 
growing in the Levant. They are usually bought 
as extract or as “ Rhamnine,” as the berries 
vary in quality. Their price prevents them com- 
peting with the artificial yellow.s, and they are 
not used in cotton or silk dyeing. They are 
employed principally in textile printing, but 
also, with a copper mordant, on light woollens to 
get an olive with excellent properties of fastness 
to light. 

Annatto. This dyestuff, sometimes written 
annoUa or arnottoy is obtained from the pulp enclosing 
the seeds of the Bixa orellana. Its importance in 
England largely detrends upon the necessity of 
imparting to butter the “ natural ” colour which 
the British public expect to find. It is still used 
in silk dyeing, however, for orange shades in a 
soap bath, no mordant being required, and for com- 
pound shades with indigo, logwood, and other 
natural dyestuffs. An old time mvourite known as 
ScoU's nankeen dye was simply a solution of annatto 


and pearlash in water. Annatto is very largely 
used in India in silk dyeing, alone and in combination 
with a native dyestuff, Kamalay a reddish bloom 
on the fruit of the JtoUlera tinctoria. This gives 
a most beautiful bright orange. 

Weld, or Wold. This plant, Jteseda luteddy 
a species of mignonette, is extensively grown 
in France, and comes on the market as a dye- 
stuff in small dried bundles of stems. I'hc 
more slender these are the better the quality. 
With alum it gives the fastest and {nirest yellow 
shades on wool ]irocurable with a natural dye- 
stuff, but it is weak in colouring power, and 
this greatly limits its use. Tlie green known as 
“ carriage green ” is produced by to}>ping indigo- 
dyed cloth with w’eld. Weld is the most important 
natural yellow for silk as the colours are fairly fast 
to light and soa])ing. The yellows on cottoTn ob- 
tained with weld are of no value, but it has been 
used for olives on a chrome mordant. 

Safflower. I'his is the dried florets of a 
species of Carthamus. Jt contains a red dye 
and a worthless yellow colouring matter. Accord- 
ing to Charles O’Neill “it yields the most 
delicate shades that the art of the dyer can 
produce.” It has also the distinction of being 
the only dye formerly used for legal “ red tajxj.” 
It yields very fugitive shades, however, and is now 
hardly employed. The method of dyeing silk 
was very curious. Tf dye<l direct with the safflower 
the silk takes up yellow, and a poor brick-red shade 
is obtained. I’o dye silk, cotton yarn was first 
dyed with the safflower, only the red going on the 
fibre; the little yellow taken up was very easily 
washed out. The red was then extracted in a weak 
solution of carbonate of soda, and used to dye the 
silk. Jn both silk and cotton dyeing it is almost 
supcTseded by safranine, an artificial dyestuff. 

Turmeric. This is the rhizomes of various 
si^cies of Curcuma. They resemble ginger, and 
are put on the market in the state of ]X)wder. 
It is n substantive colour going on to all fibres 
direct; in fact, no mordant has been found for 
it, and it produces very fugitive shades. It finds 
a limited use, however, in mixture with some of 
the natural dyestuffs and with the acid colours 
on wool. It is occasionally used alone for oranges 
and yellows on silk. 

Orchil and Cudbear* A species of lichen 
known as RoceUay found in great abundance in 
the Canaries and the Cape do Verde l.slnnds, 
gives a colouring matter sold as a paste under the 
name of orchil or archil, or ns a red jiowder 
called cudbear. A dry paste used to l>e prepared, 
and sold as persis. Several preparations know'n ns 
orchil carmmey fast orchil, and French purple are 
made, but are almost obsolete. Cudbear gives a 
bright bluish red on silk, and is still used. On 
wool it is simply applied without mordant in a 

» acid bath aiicf gives depth and richer tint 
dyed with safflower and cochineal. The 
shades are not very jicrmanent, and these lichen 
colouring matters are largely superseded. 

Cochineal. Cochinr.al is a small female insect, 
the coccus cacti. It was thought to be the grain or 
berry of a plant, and the tints produced with it are 
still sometimes called “ grain colours.” It gives the 
finest procurable shades of crimson, red, purple, 
and scarlet on wool and silk, but it has been largely 
superseded by the nzo dyes, and by far the greater 
portion of the cochineal iinported into England 
goes to the confectioner. Tne colouring matter, 
carmine, or carminic acid, is extracted from it on a 
large scale in France, and is used for colouring 
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artificial ilowera Its principal use in England oxidiHing aromatic baaes. He found that the bluieh 

has in recent years been for Army cloths^ but even precipitate prextneed by the interaction ol aniline and 

in this capacity it has felt very serioosly the com* bichromate yielded a splendid violet solution with 

petition of khaki. With a mordant of tin salts it alcohol, and the dye was obtained by evaporating 

gives a scarlet, and with alnm a crimson on wool, the tinciore. The result was British patent !9B4 

and these are practically the only uses to which of 1850, taken out after consultation with Pullar, 

it is now put The scarlet is toned by the addition the Perth dyer. The establishnient of the fost 

of a little yellow dye, usually Ha vine or fustic. aniline colour factoty soon followed. Perkin and 

Crimson and scarlet were formerly dyed on the Sons erected a factoiy at Greenlord Green in 1857, 

same mordants on silk, but the sha^ are not and began to put Peti^in’s Mauve upon the market 

very last to light, and the azo dyes are almost in the following year. AnBine was thus ^ first 

exclusively used.. coal-tar product which yielded a cotnmcrcially 

Kermea. This is the dried bodies of another useful dye. Perkin, now Bir William H. Perkin, 

species of the coccus insect, and the colouring F.R.B., was a youth of eighteen at the time and 

matter is identicat with that of cochineal. It is went into partnership with his father and brother, 

very much weaker in colouring power, and even Aniline had been known for some time. It was first 
before the days of the artificial dyes it was little pepared in 1826 by Unverdorben, who obtained 
used in England. it ly the dry distillatioii of indigo, hence the name, 

Artin^al Dymtuffs* Although the dyer's one of the well-known species of the indigo plant 

art is prehistoric, he has been dejiendent until being Indigofera and. Unverdorben called it 

half a century ago entirely upon natural colour- kryataUin. The first to find aniline in coal-tar was 

ing matters, and of these comparatively few Runge, in 1834. He called it kyanol. For a 

omy of the immense variety jH-ovkled by the long time it was obtained in a mixture with homo- 
animal and vegetable realms have been used in logues, especially toluidine. For this reason no 

dyeing. The t'eason is that the natural dye in two aniline .makers sold the same thing, nor was 

some cases depends for its existence on the life there any confidence to be placed in gettmg the 

of the plant or animal whose vital processes same aniline twice from the same firm. Tn 1840 

have produced it, in others that it resists every Mitscherlich first discjovered nitrobenzol and 

attempt to extract it, or that when extracted it both Zinin and Hofmann made aniline from it. 

is too fugitive and uiLstable on textile fabrics to The commercial process now used in making 

be of any service. Although some of the usable aniline-— that is, the reduction of nitrobenzol by 

natural dyestuffs are of an excellence hardly yet nasoent hydrogen — was discovered by Beehamp 

surpassed in some directions by artificial products, in 18i'54, when the |)rice of anilii>e fell at once to 

as a rule these latter are much simpler in use, a seven shillings a pound. 

matter of first importance to the dyer. Hence, Perkin’s dye was first sold in this country by the 
short as the life of the artificial dyestuffs has been, name of Tyrian Purple, but on the Continent it 
they have driven the majority of their predecessors was called Perkin’s Violet or Mauvcinc. Tt was 

from the field they have occupied alone for so largely used for silk for sunshades and is still used 

many centuries, or at least have greatly restricted for paper for postage stamps, 
the scope of their utility. Being definite substances, Perkin’s success set chemists at work on coal-tar, 
and therefore always possessing the same pro|>er- and since his discovery many thousands of eoal- 

ties, they are simplcT and more certain in their tar dyes have seen the light. The next discovery 

application than the natural dyes. was Magenta, obtained Dy Verguin in 18.59 by 

Although of such recent origin the manufacture acting on aniline with stannic chloride, and in tlie 
of artificial dyes has developed at a rate probably saikie year the second artificial dye ifactory was 

unparalleled in the history of industry, and we erected by Oeigy and Co. at Basle. The French 

now see gigantic businesses — which will compare patent law of 1844, iwotecting siibstancea and the 

in dimensions with any others in the world, processes by which they are prcjiored, prevented 

of whatever kind — making a class of compounds much being done in France. Hence, when IHirand 

of which fifty years ago there was hardly a single and Oerbert Keller introduced the use of mercury 

representative and certainly not one m current salts in the preparation of Magenta, they, too, went 

use as a dye. It would probably be a safe to Basle. 

assertion if we were to say that the number In 1860 Magenta was £.30 a potmd, iuid this and 

patents taken out for coal-tar products exceeds Mauve were the only artificial dyes at that time 

that obtained for any other class of inventions. made from coal-tar. In that year, however, Azii- 
Hlstory of the Artificial Dyeatuffa* line, the first coal-tar blue, was discovered, and the 

The first artificial colouring matter not a pigment method of preparing Magenta by oxidising a mixture 

was picric acid, discovered in 1771 by Wolff, who of aniline and tcfiuidme with arsenic acid was 

made it by treating indwo with nitric acid. He mvented by Mcdlock, and brought the dye into 

named it from its taste (Greek pikroa, bitter), and commercial use. 

recommended it as a yellow dye for silk. The Two important events mark the ’sixties, the 
real start of the ortificiiu dye industry began with discovery of ajiBine black by Lightfoot, in 1863, 

the invention of coal pM and the consequent and the synthesis of alizarin, one of the (‘olottring 

attempts to utilise coattar obtained .as a by- matters of madder, by Orae)^ and Liebermann in 

product. Years passed, however, before much 1868, both epoch-marking achievements. Graebe 

was done. Range made roaolic acid about 1833, and Liebermann thus effecteni the first synthesis 

and Charles Ix>we, of Maiudiester, obtained phenol * of a natural dyestuff. Their process was not, 

and picric acid from coal-tar in 1855 and was the however, a commercial one, but f^ro and Perkin 

first to do so. 8000 introduced the sulphonating procefis stfil 

Then came the first real step. In Ap^, 1856, employed. A Isr^ numb^ of new d^ was soon 

William Henry Perkin, who, happily, is st^living, added to the small list then existing, and the new 

made a substantive dye for siik Known my i li lira mdustry was fairfy launched. The further history 

Mauve. He was trying to synthesiM quinine by of the sobjeet will be touched upon later. 

Continued 



STEAM ENGINE CONSTRUCTION 

Willans Engines. Horizontal Engines. Bored Guides. Semi- 
girder Engines. Long-stroke Engines. Tandem Engines 


Group 24 

' MOVERS 
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Cuiiiitiucd from 


By JOSEPH G. HORNER 


AMONG tho high-speed vertical engines the 
Willans [28] occupies a leading position. It 
was among the earliest to provide a direct unbolted 
drive to alamos. Tho name by which it is best 
known, the central valve engine, indicates its leading 
feature. It might be considered a form of trunk 
engine in which the piston rod forms the trunk, 
enclosing the piston valves which control the steam 
supply to the cylinders. It is also a single-acting or 
conatant^thrmt engine. Figure 24 shows a triple expan- 
sion type in external view, lagged, and in vertical 
section. It is driving a dynamo. It is a lOO-horse- 
power engine, making 380 revolutions per minute, 
and was built for Birmingham University. 

Action of Engine. The action of the engine 
is as follows. Steam is brought into the steam 
chest above. Its supply is regulattHi by a governor 
(not shown) which controls, through the rod A, the 
opening of tJio throttle valve B. The steam enters 
the upper piston rod or trunk C, through the c\it- 
ofl ports a, seen near the top of the rod. The 
lino of piston valves, D, working inside the piston 
rod, is operated by the eccentric E on the crank 
pin. The ring of ports, 6, is thus o|)eiicd at the 
proper moment, allowing the steam to pass into 
the top or high - pressure cylinder F at the 
beginning of the stroke. This ring of ports is (he 
only inlet to, and outlet from, the cylinder, 
and it moves up and down with the piston. The 
valve is arranged to cutoff steam at about three- 
quarters of the stroke. But the (uit-off takes place 
by moans of the upiier ports a in the trunk, and is 
effected at the stage pre-arranged, by jiassing down 
through a gland, G, into tho cylinder, so preventing 
further entry of steam from tho steam (diest through 
the ports a. The cut-off is thus very sharp. The 
steam, working expansively, passes into the ui)f)cr 
part of th(' intermediate cylinder H, first by the 
valve moving up, and passing the port b. The 


expanded steam then passes through openings, r, to 
the lower side of the piston, and to tho upper side 
of the piston of the intermediate cylinder. The lolver 
part of the high-pressure cylinder is thus for tho 
time being a receiver or steam cheat to the inter- 
mediate cylinder. It will also be noted that thero 
is no upward pressure, because during the upward 
movement the steam only passes from the upper to 
tho lower side of the piston. During tho second 
stroke, which, of course, begins the second 
revolution, the steam passes into the intermediate 
cylinder, pressing on top of its piston. It again 
enters the piston rod by a ring of holes, d, and 

1 Misses thence into the cylinder by a ring of ports, c. 
t is then cut off by the ports above, d, ana passes 
down through the gland of that cylinder into the 
lower portion, which is also the steam chest for the 
last, or low-pressure cylinder, in which a third cycle 
takes place. At the final stage the expanded steam 
passes from tho bottom of the low-pressure cylinder 
through tlie exhaust chamber to the condenser. 
Thus wc have the interesting design of two sets of 
triple expansion engines arranged in tandem, and 
each m't driving to the same crank shaft. Also the 
engines cun be converted from simple to compound. 



28. CENTRAL VALVE TRIPLE EXPANSION ENGINE 180-H.P. DIRECT COUPLED TO GENERATOR 
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or to triple expansion by the simple addition of 
suitable cvlinders and valves. 

Since there is no upward pressure, knocking of 
brasses and joints would occur if provision were not 
made to prevent it. This provision tc^es the form of 
an air cylinder, K, and guide piston, I^,to the top of 
which the cylinder pistons arc bolted. The guide 
piston is driven with connecting rods, cme on each side 
of the eccentrics E. The top of the guide cylinder ia 
closed, and on the up stroke the air is compressed, so 
^shioning the piston and the parte attached to 
it. Some power is thus stored up and given out again 
on the down stroke. A result is that the recipro- 
oating parts alwa^ press downwards, and the con- 
noting rod brass is always pressed against the crank 
pin, and the ^orank shaft gainst the lower main 
bearing brass. Hence there is no knocking or back 
lash. The lower part of the framing is formed into 
an oil chamber, and the cranks and parts adjacent 
are lubricated by the splash of the crai^. The entire 
chamber is closed in, and has doors. The steam 
separator at the side mechanically removes the 
particles of water from the steam. 

Horizontal Engines* These exist in even 
larger variations in design than the vertical. They 
are of both non -condensing and condensing ty^ies 
and range from small to high powers. They have 
the advantage of being easily erected, the axes of 
the moving parts being all situated in a horizon tjtl 
plane, or hi parallel planes, and all lying low down 
near the foundation. Such engines run very 
steadily, due to the entire absence of top- 
heaviness. They are used vei y extensively for mill 
and Victory driving, and for general industrial 
service. They are not suitable for marine work. 

Like the verticals, they are made in simple and 
compound types, but with rather a wider choice 
of arrangement in the di8>)osition of the cylinders. 

They are also coupled direct to dynamos, but not 
so generally as are the verticals. 

Engines with Continuous Beds. 

The simplest and about the earliest type of 
horizontal engine was made with a bed of fl H 
section. Large numbers are still designed thus. 

On it are bolted the cylinder, the guide btirs, 
and in some cases the crank s^ft bearings. 

Such engines are not open to any objection as 
far as their operation is oonoem^. They run 


solidly with the bed, for the loose flat guide bars 
bolted thereon. These are embodied in nnmerous 
engines, which vary mdqh in other respects. !I1io 
guides are bored, and the end flange is faced at a 
single setting of the boring bar, or cutter head, and 
the bearing for the crank shaft are bored at the 
same height of centre. There is thus no time 
occupied in adjustment of guide bars to the centre 
of the cylinder. The cylinder is also in this design 
set without the trouble of making linear adjust- 
ments, being centred by the simple device of 
turning a shallow shoulder, or dieck, on the 
cylinder end to fit a corresponding recess within 
the pear end of the guide. The flange of the 
cylinder is bolted to a flange on the guide, and 
this is the only attachment and support afforded to 
the cylinder, in what is termed the overhanging 
fylind*r type of en^e [26]. One result of this 
simplification of design is that the building up or 
erection of such engines is less expensive than that 
of those in which numerous adjustments have to be 
made during erection. A slight incidental advantage 
in the overhanging type of cylinder engine is that the 
parts are free to expand longitudinally with heat, 
which is not the case when the cylinder is bolted 
down on a bed-plate. 
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well, are dnrabte, and are easily kept in order. 
Nevertheless, they have been to a gnat extent 
superseded by other designs, wluoh are more 
compact, are more readfly erected, and have more 
graemul outlines. 

Englskm with Bored Guidos. The 

most important element in this change has 
the substitution of bored guides [S] oast 


The solid bored guides, however, do not contain 
piwlsioii for taking up w^ar, as the flat separate 
guide bars do. But that is of no moment^ b^ausc 
mec^ of adjustment is, in the better class of such 
en^es, embodied in Uie piston rod crosshead, which 
slides in the ^ides. this adjustment being in the form 
of wedge slips. Moreover, the bored surfaces are of 
such large area that wear takes place very slowly. 
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Beds with Self-contained Bearings. 

Tho design of the bed, apart from that of the guides, 
is varied extensively. One of the most common is a 
bed which is extended at the sides laterally [26] to 
leave room between the crank shaft bearings for 
the movements of the dip form of crank and the big 
end of the connecting rod. The opening may be cut 
right tln-oiigh, and be completely enclosed by the 
frame, forming a crank pit, or it may take the form 
of a deep recess unen- 
closed at the front end. 

It, and the bearings, may 
also be disposed sym- 
metrically about the 
centre, or unequally. The 
first is preferable gene- 
rally, because there is no 
right and left hand ar- 
rangement to be con- 
sidered, and the flywheel 
and the front driving 
]>ulley can be put on 
either end of the crank 
shaft. 

Engines of this snug, 

Hclf-eontaincd type can 
be em])loyetl as vertical 
wall engiveSt which is 
hardly practicable in the 
case of the older ty|>eH 
first named. The entire 
engine can be Ixflted 
bodily to a wall, and 
either the cylinder or the 
flywheel may be upper- 
most-. Wall engines are 
omijloyed in factories for 
driving lengths of shaft- 
ing, the advantage being 
that floor area is not then 
occuj)ied. 

Semi-girder Beds. 

Another great group of 
engine frames is termed the semi-girder type, and 
RometiniCM the bayonet engine. Such engines nearly 
all embody the bored guide, but differ from 26 
in the bayonet design, in which the bed is cxtcndf*d 
to one side of the eentre line, as in 25, and carries 
a single bearing only. The crank in such designs 
is of the circular plate, or disc typo, and the bed is 
set back sufficiently far from the centre line to 
leave room for the crank disc. Another independent 
bearing is necessary in these designs to carry the 
o])])osite end of the crank shaft, and the flywheel 
usually occupies the s])aee between the two bearings. 
Around this design details vary in the hands of 
different jnanufacturers, those shown in 25 being 
usually embodied in engines of small and medium 
dimensions. In the larger engines other modiflea- 
tions arc generally made, 

A few leading points may be noticed, first, in 
the external view of one of the standard horizon ttil 
types of engines, made by Hobey & Co., Ltd, [27]. 
It has a semi-girder, or bayonet typo of bed. 
The cylinder A, which luis a liner, and is lagged, has 
its own se])arate foundation. It is checked into 
and bolted to the cylindrical cross head guide B, 
by a flange a. The guide has its own foot and is 
in one casting with the bayonet, which terminates 
in one of the main bearings C, for the crank shaft, 
which bearing has its own independent foundation. 
The other main bearing, D, is independent on its 
own smaarate base, and between the two the fly- 
wheel £ is hung. 


To obtain a bearing sufficiently wide or long 
between the disc crank F and the eccentric G 
which operates the slide valves involves throwing 
the eccentric G and its rod H out of line with the 
valve rod J. A sliding connection, K, is therefore 
made between the two rods. The steam passages, 
lib, arp short, which involves two valves, LL, one 
for each end. Governing is done through the 
throttle M, and is effected from a belt, N, passing 
from a pulley, O on the 
crank snaft to P, which 
drive.s the governor Q 
through I>evel gears. 
From this skeleton draw- 
ing we may now proceed 
to more detailed engines. 

It is usual to class 
horizontal engines as 
right or left hand, which 
signifies that the fly- 
wheel is situated to right 
or left of the longitudinal 
axis of the engine when 
the observer is standing 
facing the engine at the 
crank shaft end. Thus, 
27 is right hand. An 
engine is said to run 
outwards when, the 
observer standing in the 
same position, the top of 
the flywheel is roUiting 
in his direction ; inward, 
when running in the 
direction opposite. 

Large Horizontal 
Engines. In these, 
though the general re- 
semblance to the semi- 
girder type is obvious, the 
increase in dimensions is 
one reason for differences 
in methods of construc- 
tion. Another is that most of these are compound, 
and many also condensing, engines. A common 
design is this : Girders of rolled sections are used, 
with or without composite connections of cast iron, 
to form the bed plate u}>on which tlie engines are 
carried. In others, the bed plntc is abandoned 
and scyiarate foundation blocks of masonry or 
eoncret-e receive respectively the several main 
portions of the engine cylinder, main Injiirings, 
etc. The cylinder is a separate easting with a foot 
for bolting down by. The girder, generally cylin- 
drical, is bolted to the cylinder, thus receiving 
adequate support at that end, while a foot is cast 
on it at the end opposite, which is bolted down to 
a foundation block. Separate etistings form the 
crank shaft bearings, or frequently one of the 
bearings is cast with a foot, and forms an extension 
of the guide casting in bayonet fashion. All the 
parts where the vibration is most intense are 
thus seovirotl to foundations, while intermediate 
portions are self-supporting. When such engines are 
niiule comj)ound, the cylinders are arranged in 
lino, tandem, or side by side. If of condensing 
design, the condenser is placed behind, and its 
pumps are worked by a tail rod from the low- 
pressure cylinder. In such arrangements each 
cylinder and condenser has its own isolated founda- 
tion. ^ But if a rolled girder bed is built it is 
extended sufficiently far to include the low-pressure 
cylinder and the condenser. Such engines are 
mostly of' high-class design. They generally 
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25. HORIZONTAL ENGINE 



26. HORIZONTAL ENGINE 
(.>rai'6hal] Sons & Co., Ltil.) 





27. SEMJ'OIBDBB TYPE OF ENGINE 
(Ro))ey & Co., Ltd., Uootdn) 

include automatic gov^ning firom the crank shaft, 
by which, by various methtSs, the steam is cut off 
to work at varying rates of expansion by the vaives, 
so that tho variation from nonnal speed is reduced 
within almost infinitesimal limits. 

l^ttC«<itroke Stationary £nginea. 
This ia a type of simple engine which is useful for 
general purposes, as for driving machinery in sho)>s, 
sawmills, etc. The rate of revolution is not high, 
fiO per rn’mile being tho nonnal in the engine 
shown f28J, which is one by Hansomes, Sims and 


Jefferies, Ltd. It 
has a cylinder of IH in. 
j , bore X 36 in. stroke. 

It is an expansion 
engine, rendered automatic 
by tho governor, which operates 
on the cut-off valve. ' The bed is 
of the bayonet type, and the en^no 
is termed a right-hand one. The 
ilctails to bo particularly noticed in this 
design are the following : 

The cylinder A is bolted to a main frame B. 
Tho alignment of this frame with the 
cylinder is ensured without trouble, by the 
centring of the flango a on a projection on 
the front of the cylinder. Tho stufliingbox, 6. 
of the cylinder and the returned end, or inner 
flanging of the cylinder adjacent thereto, form 
the front cover, a usual alternative to the 
regular cover and external flango seen at tho 
tail end. The main frame B is bolted at the end 
opposite to the cylinder to the main bearing (1 
by the flan^ c. Tho whole engine is supported 
by tho bearing C, by a separate bearing. D, uolted 
to the main frame at the termination of the 
erosshead guide (of cylindrical ty}»c), and by 
the foot bolted to the (cylinder which forms the 
support at the extreme left-hand end. Tho 
bearing E is an independent casting, and supports 
the crank shaft on the side opposite to the fly- 
wheel. 
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The cylinder A is jacketed by the fitting of a in the same vertical plane as L. The position of 

Icmse liner of hard metal The sectional form of the the link in relation to t^ slide spindle controls the 

piston, with the plate screwed down to confine the travel of the cut-oif valves, and therefore the 

metallic jmeking, is shown. In consequence of point of cut>ofif. 

the long stroke the piston rod and piston are An automatic expansion gear of this type, fitted 
relieved oy a tail rod, d, protected 
with a sheath, e, extending to the 
rear through the back cover. 

The stuffing box for the tail rod 
is bushed with gunmetat, as are 
also the stuffing boxes and glands 
at the front end for the piston 
and the valve rods. 



The cross head F 
moving in the circu-, 
lar guides receives 
the snuill end of the 
connecting rod (», 
which has provision 
by a faper^ cottar 
lolt for taking up. 
wear of the brasses. 
The large end has 
similar provision 
made by a tapered 
cottar. It drives 
to a crank dis •. H, 



29. GOVERNOR GEAR OP ENGINE , IUii9omea, Sims & Jefferies, Ltd., Ipswich) 


which is believed to run more evenly Chan a lever 
form of crank, being in balance. In this, as in many 
cn^-incH, the mass of the laigo end of the connecting 
rod is counterbalanced in the disc. The flywho?! J 
is an example of the grooved type for cotton rope 
driving. 

The VaWee. Retuniing to the cylinder end 
we note an arrangement which is common in long* 
stroke engines — namely, the use of separate valves 
for each end, with steam ports, //, and exhaust ports, 
gg. This avoids long steam passages with their 
consequent waste of steam. The main slide valves, 
hhf have steam passages passing through the body 
as seen in the sectional view to the right, and the 
usual exhaust arch. The travel is constant. Kx- 


to a smaller engine, with a single main valve and 
cut-off valve, is shown in 29. The governor is 
driven from the crank shaft by a pitch chain A. 
In the previous figure it is driven by belts and 
pulleys. The advantage of pitch chain drive is 
that slip cannot occur as in belts. The chain drives 
the bevel wheels B C, 0 being on the govenor 
spindle. The latter, therefore, is rotated at a speed 
exactly proportionate to that of the engine. The 
balls I)D, under the operation of centrifugal force, 
o\ercome the resistance of the spring E and move 
the levers FF, the fiilenim of which is at a. These 
levers are connected to a crossbar, G, from which 
depend the drag links b 6, by which the radius link 
H is raised and lowered in relation to the die block 


pansive working is provided for by the cut-off 
valvfis, jjf the travel of which is varied, thus cutting 
off the steam ])H8sing through the ports in the main 
valves. K is the eccentric rod for the main valves, 
I-i that for the expansion valves. The movements 
the latter are varied by the governor M. In its 
ascent and descent acting througli the lever N it 
Tarics the )’o- 


in the slide spindle J, actuating the cut-off valve. 
The cut-off eccentric rod K is brought nearer in lino 
with, or farther from, the slide spindle J as the link 
is lowered or raised. L is the radius ro<l, which is 
connected to the lower end of the link, and is 
anchored at the end oj)])ORite to one of the bearings. 
The little cjdinder^M with its piston hcl|'>a to steady 


sition of the 
radius link P, 
the upjier end 
of which is 
operated by 
the eocentiic 
lod L, whild 
the lower end 
is held by a 
radius rod, O, 





80 XJONO-STBOKia TANDBM SKQXHE (fiansomes, Sims dt Jefferies, ltd., Ipswich) 
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the movementfl of the link. It is carried by a pillar 
c in the governor framing; ddd are self-acting 
lubricators. 

Long-stroKe Tandem Compound 
Engine. The next illustration [80] is that of 
an engine by Eansomes, Sims & Je^eries, Ltd., 
fitted with a jet condenser. In the figure, A is 
the high-pressure, and B the low-pressure cylinder. 
They are both cast with feet, __ 

which are bolted to the base 
plate C, and are rigidly con- 
nected in an axial direction by 
tie- bars a a of wrought iron. 

The steam chests form a portion jnj^inP/Y^ , , - 
of the cylinder castings. As ®[-4-]y ' 

there is only one set of ports, L - 

the passages are longer than in ^ t 'i 

the last example. The valves 

are of different types in the two 
chests. The valve b in the low 
pressure steam chest has constant 
travel. It is of the 7Wick type, 
the feature of which is the double r r 
opening for steam, which allows T 
a good supply with a short valve 
travel. It is operated from the ^ ^ ^ 

rod which moves the main slide 31. TRK 

valve c in the high pressure ,R»„«,mCT, S 

cylinder; the connection is seen 
at c : d is the cut-off valve worked expansively, 
and this is operated from the governor D. The 
governor is driven from the crunk shaft by pitch 
chain E. The steam exhausting from the low- 
pressure cylinder pa8S(;a into the jet condenser F 
through the piyie G. The air pump plunger, which 
is partly seen in the plan view, is operated by an 
extension of the piston rod, but the valve details 
are not indicated. The condenser body is bolted 
to its own foundation, and connected to the low- 
pressure cylinder with rigid rods. H is a force 
pump for feeding the boiler, J is a sight feed 
lubricator over the high pressure cylinder. 
The general fitting of covers, glands, connecting- 
rod, etc., may be noticed, and in many resiiects 
these are identical with (liose shown in the pre- 
vious engine. 


1 r- r 

31. TRICK VALVE 
(Kaiisomen, Sims A Jefteiies 


The valves, enlarged, are shown in 31, which, if 
compared with the general drawing will render the 
details clear. The low pressure 7'ricJe valve is seen 
in the ^up of 32 in end view, in transverse 
section, m a plan of the back of the valve, and 
in longitudinal section, in which the valve rod is 
included. It will bo noticed that the latter is 
secured with nuts and lock nuts at each end. 

This is a usual method of 
attachment, because it permits 
of exact longitudinal adjustment 
or sotting of the valve. The rod 
does not fit closely in the hole, 
latter is elliptical in shape 
■ allow for the wear of the faces 

- valve and steam cho^t. 

1.71 TF' The valve is shown in middle 

travel. Steam cannot enter from 

the chest until the edge of one 
opening of the steam passage has 
f)as8ed beyond the edge of the 
steam chest faCe. Then steam will 
■..■ I , ...., X'i, round the passage 

" I p opposite iK)rt and also 

simultaneously outside the edge 
T valve, as indicated by the 

: VALVE arrows |81]. At the same time 

A- ' stoam will be exiiausting as shown. 

The main and expansion valves 
for the high pressure cylinder are shown to the 
right of TO. Both main and cut off valves are 
shown in middle travel. The main valve has a 
moderate amount of steam lap, with a correspond- 
ing amoimt of fixed expansion. The cut-off valve 
having its movements controlled by the governor, 
varies the width of the three openings to steam 
in either end of the main valve. This treblo-iKjrtecl 
type of valve has a third of the travel recpiircd for 
a single-ported valve of equal total opening. 
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By Sir BOVERTON REDWOOD 


DETEOLEUM, a Latin term meaning rock oil, 
* is a general name for a wide variety of kindred 
mineral substances, ranging frmn wholly opaque 
to transparent, from semi-solid to extremely fluid, 
imd from odourless to agreeably aromatic or highly 
offensive, all combustibTe, but with very different 
degrees of inflammability, and only in rare instances 
tit for use in any way without previous treatment. 

The PetroleumAct, 1871 (34 and 35 Viet, ch. 105), 
which is still in force, except as to the standard of 
itash- point, and the mode of testing [see Methods 
of Testing, in subsequent article}, dennes petroleum 
in the following wonls : “ For the purposes of this 
Act the term ‘ petroleum ’ includes any rock oil, 
Rangoon oil, Bunnah oil, oil made from petroleum, 
coal, schist, shale, peat, or other bituminous sub- 
stance, and any products of petroleum, or any of the 
above-mentioned oils ; and the term ‘ petroleum to 
which this Act applies ’ means such of the petro- 
leum so defined as, when tested in the manner set 
forth in Sh;hedule I. to this Act, gives off an inflam- 
mable vapour at a temiierature of less than 100^ of 
Fahrenheit’s thermometer.” It will thus be seen 
that the legal definition of petroleum is a wide one, 
embracing liquid products, such as coal-tar, and the 
solid product paraffin, which are not ” petroleum ” 
in the commercial acceptation of that term. The 
reference to Rangoon oil and Burmah oil doubtless 
had its origin in the circumstanc^e tliat shortly before 
the Act was passed the produce of the Burmah oil- 
fields was in small quantities brought to this coun- 
try, petroleum having previously been imjxirted 
only from the United States. The name of Ran- 
goon oil was derived from the i)ort of shipment, 
'' Rangoon oil ” and Burmah oil ” being two names 
for the same product. Petroleum now comes to the 
United Kingdom from many other countries, and 
there is loss reason for retaining the specitic mention 
of Rangoon oil or Burmah oil than for s))ecifying 
Russian oil or the oils of Roumania and ^meo. 


Crude Petroleum Oils. Crude oils, as 
collected, invariably consist of mixtures of 
several allied compounds, with, not n frequently, 
other substances, either dissolved in them, or 
mechanically enclosed and retained in suspension. 
They may be roughly classified as illuminating 
oils and fuel oils, according to the preixmder- 
nnee of one or other of these distinct groups 
of compounds in the natural admixtures, or in 
blends resulting from indiscriminate eo^tkm. 
The (»rude oils are further divided into asphalt- base 
and p^affin-base oils, according to the nature of 
the more solid mattor held in solution by the more 
fluid, and determining the quality and use of the 
residue left <m distflling off the lighter oils. The 
paraffiit-hase oils must not* however, be confounded 
with the ordinary burning oil (kerome or paraffin 
oil), as the latter is largely made from asphi^basQ 
ornde oil. Petroleum was at one time called coal- 
oil,. pattly because a kindred substance could be 
prepared by dwtillation from coal, but chiefly from 
a mistaken idea that, being combustilile, it must 
necessarily be derived in some unexplained way 


^m coal seams. The term fell into disuse when 
it was found that not only did no such relation 
exist, but that oil- bearing rocks and coal rarely 
occur in the same g^logioal scries of strata. 

The Origin of Petroleum. Much contro- 
versy has arisen upon the origin of these various 
compounds, some contending for their production 
by purely chemical action, deep in the unknown 
interior of the earth, and their ascent as vaixmr to be 
cooled and reduced to fluid or solid nearer the surface. 

The distinguished Russian chemist, Mendeleeff, 
who has recently passed away, gave the weight of 
^ authority to the view that petroleum is of 
inorganic origin. The great density of the earth, the 
well-known pre^nce of iron carbide in meteorites, 
as well os of iron in the solar system, as shown by 
the spectroscope, and the presence of iron in basalts 
and other eruptive rocks, were adduced by him as 
I>owerful arguments in favour of the assumption 
that the int^ior of the earth contains large amounts 
of iron, whether combined with carlion or not. Pro- 
ceeding upon this assumption, he ascribed the forma- 
tion of petroleum to the action of carbide of iron at 
high tem|)eraturea in the interior of the earth upon 
water which has penetrated through fissures produced 
in the earth's crust by theielevation of moiinbiin cha ins 
or other changes of structure which have occurred. 

On the other hand, the equally illustrious chemist, 
Berthelot, also recently deceased, accepting the 
hypothesis that the interior of the earth contains 
free alkali metals, ascertained by experiment that 
when carbonic ax;id or an earthy carbonate acts 
upon the alkali metals at a high temperature in the 
presence of water- vapour, chemical changes occur, 
which result in the production of hydrocarbons 
similar to those of petroleum, the exact composition 
of the hydrocarbons varying with the temperature. 
He therefore expressed the view that petroleum 
may have liecn produced by the infiltration of water 
containing carbonic tu;id gas into the interior of the 
earth, where it would bo brought into contact with 
the alkali metals at an elevat^ temperature, and 
under great pressure, with the production of both 
liquid and gaseous petroleum. 

Neither of these hypotheses is tenable, in view of 
the facts of the geological structnre and compo- 
sition of the rock-beds constituting the oil-beiiring 
series in any part of the world. 

Theories of Qt^nic Orlffia. Two other 
schools exist of disputants on the origin of 
petroleum, each having amassed a sufficient body 
of evidence in support of animal origin in one 
case, of vegetable derivation in the other, to con- 
vince its partisans that the view pro^unded, if 
not of universal applicability, holds good in at least 
the g^at mamrity of oil-flol^. The vast quantities 
of animal and vegetable remains stored in limestones 
and clays oi various geological periods, and the 
legitimate assumption that whe^ the rocks are 
not so rich in fossils their absence is due to want 
of preservative conditions rather than deficiency of 
life at the time of formation, indicate an ample 
supply of organic material at all periods of the 
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earth’s history, ns represent4>4 by stratiBed de(K>sits ; cooling globe shrinks in the course of ages and the 

its decomposition generally, and its conversion into more compressible rooks are squeezed into such 

petroleiun more rarely, being dependent on the folds, has, in many oil-fields, the beneficial effect of 

conditions prevalent at the time and place of collecting all the water that may have remained 

embedding in the strata, while the subsequent from the time of original formation, or have pene- 

upheavals and removals of vast masses of material trated subsequently, in the troughs, and the gas 

(to constitute the newer dciMwits) would tend to (which accompanies nearly all petroleum) in the 

waste much of the earlier-formed oil, traces of which crowns of the arches, leaving the oil on the fianks 

remain as asphalt or other bitumen, even in rocks of the folds, with the cushion of gas to afford the 

of extreme antiquity, and in nearly every country desirable pressure, and the water-seal, as in a 
in the world. As the adherents of the hypothesis tr^ped drain, to prevent escape downwards, 

of vegetable origin base their views generally on The arches are termed aniidintids (sloping 
observations taken in different regions from those oppositely), and the troughs syriclinals (sloping to- 

referred to by the exponents of animal origin, there gether), terms of constant use in the discussion 

is every probability that both schools are right in of oil-fields, in that they connote the produotive- 

the main thesis, though wrong in insisting on its ness or barrenness (in respect of oil) of successive 

universality. The animal remains of the Ohio ]M>rtionH of the country thus constituted. As 

limestones have produced a different oil from that the course of the rivers and minor streams, 

of the vegetable matter embedded in the somewhat carving out hill and dale, is largely independent 

later sandstones of the adjacent State of Penn- of these bendings of the rocks, effected in ages 
sylvania. In each region, and for each geological long piist, an tmticlinal arch may be, and often 
jHsriod, the chief or sole factor is to be determined is, the floor of a valley, and a synclinal trough 

indei>endently, and in many cases both animal and the ridge of a hill : the terms refer to the slo[)? 

vegetable remains may have been contributory to of the beds of rock, not to that of the surface, 

the same store of petroleum. which may be quite level, or fall in a wholly 

Proof of Organic Origin. The mosl. different direction, 

noted exponents of the view that petroleum is In many of the most notable oil-fields salt 

solely or mainly of animal origin are Hofer and occurs, either as rock-salt or as strong brine, 

Engler. In n series of exjieriments the latter in close association witli the petrolcimi, pointing 

obtained, by the distillation of menhaden (fish) oil to some obscure relation between the accumulation 

at a high temperature and under ('onsiderable pres- of salt and the original (conditions under which oil 

sure, a product resembling ])etroleum. The distillate is formed. It may. however, be due merely to the 

yielded by fractionation a lighting oil whmh w'as similarity of surroundings essential for the ])re- 

described as indistinguishable from commercial kero- servation of either substance in undiminished quan- 

sene, and this statement the author of these articles, tity—namelv, the presen (’e of an impervious cover 

liaving received a sample of the product many years to keep the oil from eHCR}>ing, and the salt from the 

ago from Professor Engler, is in a position to confirm. access of water. Both rock-salt and brine fre- 

Oil is still being formed in various parts of the (piently occur with little or no trace of associated 

world, in some places from animal, in others from ]>etroleum, but salt, as the more universally distri- 

vegetable remains, though it is not known that any buted substance, generally lingers under the cover 

great, bulk of it is produced, or any whatever which protects oil-deposits. 

preserved. For such storage the pr(Kluction must The Relation of Mud Volcanoes to 
necessarily take j)hice under conditions jirecluding Petroleum. Mud volcanoes are not infrequent 

the possibility of observation, and beyond the accomininiments of petroleum, and by a summsed 

rongi^ of our present knowledge to imagine with connection with true volcanic action have helped 

any approximation to definite conception. to confirm the untenable view of the purely chemical 

Bitumen, or some similar residue of ova])orated origin of oil. They are, in fact, syirings of water, 

petroleum, occurs, as we have seen, in even the oldest either pure or mineralised, cold or tepid, which, 

rocks, but oil of commercial value first appears in rising through apertures in fine clayey material, 

thoseof the Silurian p))och [sec Geolooy ], From this carry up mud in such quantity as to produce 

early iieriod down to nearly the present era valuable around the outlet a cone resembling that of a minia- 

oil -fields occur, at one point or other, in every division tnre volcano. Such cones are of all sizes, from a 

of the geological series. Probably the MicRtene period fraction of an inch to many yards in height, in 

was the ricdiest in petroleum-forming conditions, a proportion to the force of the current which has 

magnificent birthday endowment for the human race, produced them. They sometimes occur with no 

then in the earliest stages of its biped evolution. trace of petroleum, being merely natural artesian ” 

Mode of Occurrence of Petroleum, wells, when occurring in oil-fields, the s|>eed and 

Two classes of rock combine to furnish the vast and carr3dng power of the current is generally enhanced 
ever-increasi^ quantity of ^letroleum annually by gas escaping under pressure, and the ejection of 

consumed. These are coarse sands (or sandstones) the semi-fluid mud is spasmodic, the pent-up gas, as 

and crystalline limestones, both of oj>en, porous jt nears the surface, forcing a way through the last 

texture, the one consisting of grains of sand or few inches in bubbles that burst with a sudden 

larger fragments of stone, the other of crystals of “ plop,” often creating a vibration perceptible for a 

carbonate of lime or of the mixture of carbonates long distance off. The spontaneous or accidental 

of lime tmd magnesia known as dolomite. In the ignition of the gas of the larger cones increases the 

interstices between the grains or crystals, and in . superficial resemblance to true volcanic eruptions ; 

other cavities and fissures, the oil is stored, some- but, apart from the disproportion in size, there is 

times under great x)re88ure, shut in by beds of no similarity in essential particulars between these 

impervious clay or shale, to be discharged as a cold- watery ejections and the molten outpourings 

fountain or ” spouter ” when the protective^vering of real volcanoes. Only where the region contains 

is pierced by a borehole. 9 beds of soft, mud-forming material are these cones 

The bending of the originally horizontal beds into produced ; the phenomenon is unknown in areas 

arches and troughs by lateral pressure ns the composed of more solid rocks. 

CoTUinued 



THE SHIP READY FOR SEA 

The Preparation and Fittiiiff of Outside Plating. Riveting 
and Cauudng. Launching the Vessel and Fitting Machinery 


Group 29 

TRANSIT 


By Dr. J. BRUHN 


'T'HE deck stringers and part of the deck plating 
^ are usually fitted before the shell plating, but as 
the procedure is practically the same in both in- 
stances, the details will be described here under the 
common heading of shell plating. The outside plat- 
ing is by far the most important from the point of 
V iew of strength and weight of structure. It is, at the 
same time, one of those parts of a ship where first- 
class workmanship is very essential, in order that a 
thorough and lasting watertightness may be ensured. 
The safety of the ^ip and cargo depends, in fact, 
in the first instance, on the efficiency of the shell 
plating. Only experienced fitters, or platei's, os they 
are called, are therefore employed in the preparation 
of the outside plating. 

In the oonstruotiun of a vessel the most natural 
and only practical procedure is to begin with 
the framing of the ship, although it is structurally 
of secondary imi>ortance, being required only to 
support the primarily necessary shell plating. When 
the floor plates, with the intercostal girders, and the 
frames with the stringers, have been erected and 
faired, and the landing edge>s sheered, the structure 
is ready for being plated at bottom, decks and sides. 
The frames and ^ams are most naturally and con- 
veniently arranged in a transverse direction, as 
already described. All the main plating of a ship 
is, however, most 

efficiently fitted in rrr-rT 

a fore-and-aft, or 
longitudinal, direc- 
tion. The strakes ^-r 

of plating run, 

therefore, at right y 

angles, or practi- 
calTy so, to the "• ' 

frames and the 87, shell-ex 

beams. The curva- 
ture which has to be given to the plates is, of 
course, that of the frames and beams already in 
position, but the general arrangement of the 
plating is shown by a plan handed to the workmen. 

SbelUexpanaion Drawinje* 

direct way of representing to the plater the exact 
arrangement would be to supply him with a replica 
of the model which was used in the drawing 
office in arranging and ordering the plating. It 
would, however, be inconvenient to carry a model 
about the yard wherever it might be wanted for 
reference. It is, therefore, easier to provide the 
workman with a shell-expansion plan, which is a 
drawing of the plating, such as shown in 87. The 
surface of the vessel cannot be expanded in the 
ordinary sense of the word, and the drawing shown 
is produced as follows. 

An outline profile of keel, stem, and stempost is 
drawn with vertical lines representing the frames. 
Owing to the reduced scale m the sketch, only the 
bulkhead frames are shown in 87. A strip of 
paper is then bent along a frame Ime from the keel 
to the gunwale on the working model described 
oi page 5608. A mark is carmully made on this 
paper at the interseetkm of the frame line and the 
lines of the keel at centre, the edges of the plating. 
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both outside and inside, and the lines of stringers in 
hold and on beams. This strip of paper is then laid 
flat on the drawing, along the line representing the 
corresponding frame, and the marks are transferred 
to the drawing. When this is done for a number of 
frames, lines may be drawn through the various 
points representing the landing edges of the strakes 
of plating and stringers. In that way a drawing is 
obtained which shows correct widths of plating and 
distances between stringers, and correct fore-and- 
aft distances. It gives, however, a warped view of 
the form of the individual plates, but this is of no 
importance, as the plan is intended to show the fitter 
only the general arrangement of the plates ; their 
exact size and shape he must determine with 
reference to the niarlu on and the curvature of the 
frames. The position of all the butts of the outside 
plating, as well as those of stringer plates attached 
to the shell plating, are indicatea on the expansion 
plan, as arc also doors, coaling ports, mooring pipes, 
hawse pipes, water ports in bulwark, and all other 
(^niiigs proposed to be cut in th(^ shell plating. 
The position of these in relation to the frames, and 
also their sizes, are given in figured dimensions. 

Butt and Attachments. In 

addition to the shell-expansion jdan, the plates 
may be provided with a midship section of the 

vessel, ns shown 
hy 88, indicating 

--r arrangement of the 

-L J plating, and eon- 

* B taining a written 

specification of the 
^ i L-,. , , . , ti ..p ■ - details of riveting 

’*'• of butts and edges, 

PAN9ION PLAN ^tc* The usual 

method of effecting 
these attachments is by means of riveted overlaps, as 
shown both for butts and edges in 87, and for edges 
in 88, the overlapped butts lH*ing rivete<l with 
one, two, three, or four rows of rivets, as shown 
in 89. and the edges with one, two, or three rows 
according to the size of the vessel. The butts which, 
at the top and bottom of the structure, require the 
greatest amount of strength are often fitted with a 
strap on each side, as shown by 90. It will be seen 
that the three rows of rivets on each side, arranged 
in this way, are practically equal to six rows in nn 
overlapped attachment, 
as they must, in this 
instance, be torn asunder 
in two places before the 
plates can part. The 

overlapping of the plates 
at the edges, if arranged 
as shown in 88, and on 
larger scale in 91, neces- 
sitates the fitting of 
alternate strakes close - 

to the frames, and alter- / | C ^ 

nate ones at some dis- f-tr-" 

tonce from the frames, 

the intervening spaces 88 
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ff tilled up with what are called lining pieces, 
;li are eiruply etripg of iron of a width equal 

to that ef tlie shell flange 

""TT* frames, and fitted 

1 0 = * ^ oi o o o V. between the strakes of 

o 'Jj VI nl ) plating attached directly 

|oo; {ooo- [opooiJ to the frames, as shown 
in 91 . Their thickness 
— must be exactly equal to 
gg that of the adjoining 

plates, and the rivet holes 


must, of course, cori*e8pond with those in the 
frames. These lining pieces add undesirable 
weight to the vessel, and neces- 
sitate II certain amount of expense 
in fireparation and fitting, and are, 
therefore, often disiiensed with. 

Joggled Plating and 
Framee. In such eases the out- 



side strakes of plating must be fKIIKlOft 
arranged as shown in 92 , by being 9Q 

“Joggled” — that is, pressed down 


in a machine — before being placed in position, so 
that they may fit tightly to the frames, and at 



the same time allow the edges 
to overlap the other strakes. 
An alternative to this arrange- 
ment is the joggling of frames, 
HO as to be brought close to 
the plating of the outside as 
well as the inside strakes of 


91 ])lating, as shown by 98 . 

The latter arrangement is 
preferable where the frames are not too deej), and 
the former where the thickness of the ] dating is 
not to<i great. Where 
the frames are of great 
depth, or the pla ting of 
groat thickness, the cold 
joggling injures the 
material to an unde- 
sirable extent. Tlu 



.strakes of ])latiiig need 92 93 94 

not necessarily be ar- 

Tunged with alternate ones or bearing directly 
through the whole of their width on the frames, 
and with alternate ones “ out,” or separated from 
»the frames by a parallel liner equal in thiekness to 
that of the adjoining strakes. 

It is sometimes desirable to fit a strake in and 
out” — that is, the one edge is inside the adjoining 
strake, as the lower edge of the strake of plating 
shown in 94 *, and the other one is outside the other 
adjoining strake, as the upper edge of the strake in 
94 . It will be seen that this arrangement ueces.sitates 
the fitting of a ta|iered liner, as the full thickness is 
required at the one edge, and none at all at the 
other one. This is more costly than the fitting of 
parallel liners, and “ in and out ” strakes are there- 
fore not used when they can be avoided. The 
fitting of the plates of such strakes is also not so 
convenient a piece of work as the fitting of plates 
either entirely “ in ” or entirely “ out.” 


Templatinjs Shell Plates. The outside 
plates of a ship are prepared by moans of the 
light and convenient templates already re- 
putedly referred to. These contrivances are 
})laoed on the frames in the exact position the 
plates are to occupy, and the correct dimensions 
and outline form, as well as all rivet MAea to 
correspond to those already punched the 
frames, are marked oi> the template and trans- 
fcrre<^ on the ground, from it to the plate itself. 

» Ait follows. The 


plater mepares, in the first instance, the template 
from thin parallel wooden battens, which are 
nailed together to form the outline of the required 
plate, as shown in 95 . No very great accuracy 


95 

is necessary in this work as long as ilie length and 
breadth of the template are roughly correct. Pieces 
of batten are then nailed across from edge to edge, 
so that they may correspond in position to the 
frames when the rivet holes are being marked. 
This temporary plate completed, it is taken to the 
ship and fixed on the frames by means of iron 
clips ns shown in 95 . The inside strakes of plating 
must clearly be dealt with first, as they must be in 
position before the outside strakes can be fitted. 
Figure 95 shows a template in position for a plate 
of an inside strake. The exact lines of the edges 
of the plate have, as described on page 6615, 
been previously indicated on the frames by per- 
manent nicks and by paint marks of the width of 
the overlaps or landings as seen on the uncovered 
frames of 95 . It is therefore an easy matter to fix 
the template on the outside of the frames in such 
a position that it covers the intended landing edges. 
The positions of the butts are obtained from the 
shell expansion plan, and care must be taken to see 
that all the rivet holes in the frames arc covered by 
the cross-pieces of batten. 

MarKing of Templatea. The fitting of the 
plates ])rocceds from aft forward, as a plafr always 
overlaps on the exterior of the one abaft it. This 
arrangement is adopted in order that the end of a 
plate may not meet the water when the vessel 
going ahead. The plate abaft the one the tem]>late 
is intended for has therefore been shown in 95 
fitted in ]>oHition with all its holes })unched. The 
template must then overlap it to cover all the rivet 
holes in the butt ; when that is ensured, all the holes 
are marked with a hollow brass cylinder of the size 
of the rivets. By dipping it in whiting and inserting 
it carefully from the inside in the rivet holes white 
ring-formed marks are made on the wood of the 
template. When all the holes in the frames and in 
the butt have been marked in this way, the correct 
dimensions of the plate must be not^ unless the 
edges of the template happen to correspond exactly 
with these. In most oases this will not be so, as a 
fresh template is not made for each plate. One 
is usually made to serve for a great mimber, and it is 
therefore necessary to note on its edges the extent 
to which it deviates from the exact shai>o of the 
plate. The distances from the edge of the template 
to the intended edge of the plate as marked on each 
frame are measured and noted on the wood, and the 
same is done at the butt of the after end so that a 
correct sketch can be produced of the plate from 
the incorrect template when the latter is taken down. 
When the desired plate has been obtained from 

the stock it is laid 
on blocks to raise 
it from the ground, 
and the template is 
placed on the top of 
it as shown by 96 , 
with the marks of 
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the holes upwards and in such a position that ihm 
Is sufficient material everywhere to admit of the 
required size being obtained. The marks on the 
template must now be transferred to the plate. 
This is done in various ways as regards the rivet 
holes, according to which side of the plate it is 
desir^ to mark. 

Tr^tkmferHng Marlls from Template 
to Plate. In the operation of punching a hole 
in a plate or angle a slight rim or burr is formed 
round the We men the material is forced through 
the bolster of the machine. It is very important 
in all riveting that the surfaces of contact should 
be brought close to each other at all points. The 
rims prefaced by the punching would prevent this, 
and are consequently very ^jectionable at the 
surfaces of contact. Both plates and angles are, 
therefore, whenever it is possible, punched from 
the conWt side, or the faying surfa^se, as it is 
called. The template [96] is Tying on the inside — 
that is, the faying surface of the plate, as regards 
the holes for the frame rivets and the after 
end butt rivets, which are all the holes marked on 
the template. The ' transference of these marks 
to the plate below is effected by a marker, as shown 
in 96. This consists of a long tong-like appliance 
with two thin wooden arms. In 
one of these there is a plain round Wgs 

hole of the size of a rivet hole, and ^ 
in the other one, in identically the 97 
same position, there is also a hole, 
but in this one there is inserted a short wooden 
cylinder. The template is held in position on the 
plate by a numbw of iron clips, but between 
these it may be lifted slightly by one hand of the 
workman, while he, by the other, dips the cylinder 
part of the marker in white paint and inserts the 
lower arm between the tern- 
plate and the plate, as shown 
in 98. He then holds the 
upper arm in such a position 
that the hole in it exactly 
fits one of the marks on the 
template, and then allows 
the cylinder part of the arm 
below to make a ring-shaped 
white paint mark on the plate. It will be seen 
that all the holes marked on the template may 
in this way be correctly transferred to the right 
surface of the plate. The exact shape of the plate 
is next drawn in chalk from the shape of the 
template and the marks on it. Here it is, however, 
in the case of the edges and the butt of the fore end, 
necessary to transfer the marks to the other side of 
the plate, os it will in these instances be the faying 
surface, and as the shearing of the plate produces 
a burr similar to that caused by the punching. 
When the edges, which are usually straight, or 
i)ractically so, have been struck in with chalk 
lines on me outside of the plate, the holes for the 
landing rivets may be marked. This is also to be 
done on the outside surface of the plate, which is, 
aa stated above, the faying one in this instance. 
As there are as yet no other holes with which these 
must be made to agree, they may be marked by 
stariking chalk lines at the proper distaHce from the 
edges of the plates and making a cross mark on 
these lines for the centre of the holes. The number 
of rivets between two consecutive frames and the 
width of the overlap or landing are stated on the 
shell expansion plan. The holes for the rivets in the 
butt at the fore end of the plates are also marked 
means of chalk lines on tnis, the outside of the 
te, from information supplied on the drawing. 



Punching. Shenrlng. and Planing of 

Plates. The plate is now taken to a punching 
machine, and suspended by a chain in such a way 
that it is at the level of the bolster of the machine, 
and can be moved freely in any horizontal direc- 
tion by the men who assist the plater. The 
machine can punch only one hole at a time, but 
with experienced workmen the work can be 
executed with considerable speed. When the holes 
marked on the one side have been punched the 
plate is reversed, and those on tlie other side are 
dealt with. The next operation is to pass the plate 
to a shearing machine, and cut it to the chalk lines 
showing the required shape. Certain edges of a plate 
may afterwards have to be planed, in which case 
a little spare material, about one-eighth of an inch, 
is allowed for in the shearing operation. The edges 
of the shell plates are plan^ to remove the burr 
and unevennesses caused by the shearing. This is 
necessary in order that a Sufficiently exact fit> may 
be obtained to admit of the joint being made water- 
tight. At all lapped joints there are two edges, but 
ofiy one — namely, the outside one — is caulked 
It is therefore neoessarv to plane only the outside 
edges of butts and landings of shell plates. In the 
case of the plate just considered, which was of an 
inside strake, only the butt edge at the after end 
need be planed When this is done the plate is 
ready to be bent to its proper form. 

Before explaining this operation it is desirable 
to describe briefly the marking and punching of a 
plate of an outside strake. Figure 99 shows a template 
for such a plate in position on the frames. As the 



inside strakes ore now fitted it is necessary to mark 
by the brass cylinder and whiting not only tlie 
rivet holes in the frames and in the after butt lap, 
but also those in the landing edges. The only holes 
that are left to be marked, according to the specifi- 
cation on the shell-expansion plan, are in this 
instance those for the rivets of the butt at the fore 
end of the plate, and these holes are also the only 
ones that have to be punched from the outside 
surface. A little more care than in the case of an 
inside strake is exercised in marking on the tem- 
plate the edges of an outside strake of plating, as 
those edges have to be planed and caulked. In 
other respects the pre})aration of a plate of an out- 
side strake is similar to that already described 

CountersinKing of Rivet Holes. In 

the under- water riveting of the shell plates of a 
shix) it is undesirable tlmt the rivet heads should 
project beyond the surface of the plate, as would 
otherwise be the most natural arrangement. To 
avoid this it is necessary to make the rivet hole 
of a conical shape at the outside, as 
shown in 100. The rivet is then 
hammered up to form a head within 
the outer surface of the plate. The 
conical increase in the diameter of 
the rivet hole is called its counter* 
angle of the countersink varies 
considerably, being much larger in the case of 
thinner than in thicker plates, as the diameter 
of the hole at the outside surface of the plate 


100 

eink. The 
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ji* always about 45 per cent, in excess of that at 
the inside surface, whatever the thickness of the 
plate may be. When the edges have been planed, 
the shell plates are brought to a countersinking 
machine. This is practically an ordinary drilling 
machine, except that the drill itself is conically 
shaped, so that it can be readily inserted in the 
punched holes, and, by the pressure of a lever, made 
to remove the necessary material to give the hole 
the required form. 

Mangling of Plateo. If the plates are 
for the flat of the side or bottom at the mid- 
ship portion of the vessel, and if they are not 
bent or warped, they can be placed in position 
immediately they are punched, sheared, planed, and 
countersunk:. In most cases the plates are, however, 
delivered from the steel works in a slightly bulged or 
bent condition, and it is necessary, even where they 
are for jierfectly flat parts of the vessers surface, to 
pass thorn through tlie mangling rollers. These 
consist of two sets of parallel iron rollers, one of 
which is revolved by the machine. The ])late is 
passed between the two sets, as indicated in 101, 
and gets slightly bent in opposite 
directions as it passes each roll. By ■■O. 
repeating this oj^ration in the proper O U U U 
directions all undesirable bends may I01 
be removed from the plate, so that 
it can be ^ taken to the vessel and scoured in 
]^)osition with a good fit to the frames and a 
perfectly plane surface. Even in cases where the 
form of the vessel is not quite flat, it may 
be umioo, cssary to do more than pass the plate 
through between the rollers, as it may, when 
free from local deformations, be drawn tight to 
the frames by means of screw bolts, whore the 
curvature and the thickness of the plate arc not 
groat. 

Where the curvature of the individual plates is 
great, it is necessary to pass them through a proper 
plate- bending machine, as shown in 102. This 
consists of three long and strong 
rollers, the two lower ones of 
which are revolved by the 
mechanical power sii])plied to 
the machine, while the top one 
runs free and can be elevated or 
depressed parallel or at either end. 

It has already been explained that the plating of 
a ship is always arranged as far as possible in such 
a manner that the plates are curved only in one 
direction. It will easily be understood that it is 
a very much simy)lcr piece of work to give a plate 
a cylindi’ical form than a spherical one. The former 
can be done without the application of heat, but the 
latter cannot. 

Rolling of Plates with Curvature in 
One Direction. When a plate is ready to be 
rolled — say, one for the bilue of the vessel amidships 
— the fitter goes to the ship and bonds a piece of thin 
iron to the form of the frames in way of the yilate. He 
then passes the plate between the rollers, as shown 
in 102, at first with the top roller only slightly 
depressed. The jdate is then rolled backwards and 
forwards, while the top roller is being gradually 
moved downwards, thus bonding the plate. When 
the operator judges that the right form may have 
been arrived at the plate is withdrawn and the 
curvature checked by means of the bent iron 
mould. If it is not found sufficient, the process 
is repeated until the proper form has been ob- 
tained. 

In the case of the bilge plates amidships Ujfr form 
is cylindrical, and the one mould is ^Rcient. 
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Nearer the ends the curvature of the plate may not 
be exactly the same at all frames, and it is necessary 
to moke more moulds ; in some instances one may 
be required at each frame. The lines of curvature 
may at such places not be parallel to the edge of 
the plate, but may run more or less diagonally 
across it. An oxyierienced plater will, however, 
always be able to judge by a more inspection 
of the frames in which direction the curvature is 
greatest, and the moulds of the frames will be suffi- 
cient guide to him in giving the plate its proper 
form. When the curvature at the one ena of a 
plate is to be greater than that of the other end, 
the corresponding end of the top roll [102] is 
lowered more than the other one. In this way the 
plate may be given a eoni<5al form, and, strictly 
speaking, this is the only variation in the form 
it is yjossihlc to effect by the rollers shown. In 
Ollier w’ords, when the curvature is fixed at the two 
ends it will be fixed throughout the length of the 
plate. 

Rolling of Plates with Double Curva- 
ture. In pra(!tice it is, however, po.ssibIe to vary 
the curvature within certain limits. If a grealt‘r 
curvature is desired at a certain part of the platen 
the oyxirator plaices a thin piece of wood at this 
point as the yilato passes through the rollers. The 
effect of this is that the plate is depressed relativc^Iy 
more at this phu^o than elsewhere, or the curvature 
is increased. By gradually increasing the thickness 
of the wood it is nearly always possible to give 
the plates the required form without heating them. 
If the lines of curvature are not parallel to the edges 
of the plate, it is necessary only to pass the plah*- 
diagonally betweim the* rollers, or in the diri'ction 
in which the oj>erator judges the curvature to be 
greatest. Here, as in previous enses, it is, of coursi*, 
necessary to check the curvature at the frame lines 
by the corresponding moulds during the jirogress 
of the rolling. It is usual to speak of the individual 
shell plates as lieinc in some eases twisted. Mathe- 
matically, many plates may be twisted, but it is 
only to such a small extent that it is in practice not 
necessary to provide means for the twisting of the 
plate prior to its being placed in position. What is 
usually spoken of as the twist of a jilate is the sha pe 
it assumes when bent diagonally, so that the four 
corner ]>ointH are not in the same plane. The extent 
to which one of the corner jioints deviates from the 
Xilane of the three oth('r points is spoken of as tht; 
amount of twist in the plate. 

In rolling plates it is particularly m'cessary to 
sec that the curvature is carried right to the edges 
of the plate, so that the edge lajis fit close together 
for their entire width. Where the plate is curved 
both transversely and longitudinally, the curvature 
in the one direction is, as already explained, small. 
In such cases the plate is first bent in the transverse 
direction, and the curvature given to it is some- 
what in excess of that actually required, as the 
subsequent manipulation tends to reduce it. 
The plate is then ))assod lengthwise through the 
rollers, as shown in 108. To pre- 
vent the transverse curvature 
from disapiioaring in this pro- 
cess, piecjos of wood may be 
108 ]>lace(l, as shown, under the 

edges and along the middle of 
•the plate while the rolling takes place. 

Dutta of Platea. In cases whore the joints of 
the plates are not effected by means of overla|)8 con- 
siderable core is necessary, in ortler that the thorough 
watertightness may bo ensured. The plates are 
hero simply butted against each other, as shown 
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in IM, the efficiency of the joint deiicnding entirely 

on the exnetnees of the fit, as the strap on th<» 

inside is not caulked. When the _n n_run. 

template is being prepared for a 

butted plate great care must be ^ 

taken to cut the end of the template 

in such a manner that it fits nard 

over its entire width against the 

{ date already in position. The ^ 0 ^ 

loles for the butt rivets are in 
these instances marked off at both ends of the 
idate by chalk lines, according to specification, 
the butt straps themselves being htted later 
by the use of small, separate templates. The 
ends of butted plates are always planed. When 
the plate is curved, the butt, in most cases, will not 
be perfectly straight, and special care is needed 
to see that the template fits to the plate at every 
})oint, when the former is bent to the curvature 
of the frames. The line of the butt is then drawn 
on the plate according to the curve of the end of 
the template, and not to a straight chalk line, 
and exact permanent marks are made on the 
j>laie for the guidance of the planer in ijroducing 
the curved edge. These marks are made by a 
centre piuicli, a necessary tool whitdi all platers 
c;aiTy in their pocket in addition to a piece of 
chalk. It consists simpl}’^ of a small piece 
of hard steel with a strong but line ])oint. By 
placing it on a plate and giving it smart taj) 
l)y a hummer, a fine, clear, conicalIy-sha]H‘d 
mark, which cannot be defaced, is made on the 
surface. 

Moulds for Garboard StraKes and 
£nd Plates. Practically all the plates of the 
outside shell, inner bottom, decks and beam 
stringers cun be dealt with, as described previously. 
Tlie inner bottom and the stringers and part 
of thc 5 deck plating ai-e, as already mentioned, 
usually fitted before the shell ])lating is in 
)>osition, and the procedure is the same in both 
instances ; but the work is much easier in the 
former cases, owing to the flatness of the sur- 
faces and the straightness of the edges of the 
strakes. In a few instances it may be necessary 
to ayiply heat to the shell plates in order that 
they may l>e given their proper form. This 
applies principally to the garboard strakes or the 
shell plates adjoining a bar keel, and to thc' 
very end plates which arc attached to the stem 
or stempost. Where bar keels are adopted the 
garboard strakes are flanged, as shown by 105, 
to form an attachment. This opera- 
tion can be carried out on the cold 
plate in an ordinary flanging ma- 
chine for the greater part of the 
105 midship length of the vessel. Nearer 

the ends, whore the jdates them- 
selves are (‘urved, it is necessary to heat them, 
and the preparing of such plates is, therefore, a 
somewhat difficult task. In the first instance a 
kind of rigid template is made of thin iron bars 
welded together. It is, however, not intended so 
much for producing the outline of the edges of the 
plate as for giving the exact form to umich it is 
to be shaped. The template must, therefore, be 
quite rigid, and a bar is bent to the form of each 
frame, and the ends welded to a rim representing 
the outside edges of the plate, as shown by 108, 
Other bars may 1>e welded across these to give the 
mould additional rigidity, and the plate is then 
taken to the bending slabs, outside the plate-heating 
furnace. A rough replica is here made of its form 
in the shat)e of a bed prepared by iron blocks and 

lx (i 86 


Ic^s of wood, more or less protected by iron or i 
pieces of plate. 

Platea Requlriiig to be Heated. While* 
this bed is being prepared the plate which it 
is intended for is being heated in the furnace. 
When it is at a bright red heat it is withdrawn, and 
fis quickly as possible laid on the bed and allowed 
to settle down to its shape by its own weight, 
assisted by blows from large wooden mallets 
that will not leave marks in the softened metal. 
The aim is to get the 8 ha}X) correct on the whole 
while the plate is very hot. The smaller adjust- 
ments necessary to make it follow the iron bar 
mould exactly can more conveniently be made 
while the ]>late is cooling, when ordinary heavy 
sledge hammers can be used. The mould is re- 
))eatedly applied during the shaping process to 
enable the o[»€Tatois to chock their work. If it 
should be impossible to complete it before the 
plate gets cool, it is again heated somewhat in the 
furnace, but care must, of course, be taken to sec 
that it does not get so hot that it loses the sha]>c 
it has already acquired. Where very marked 
local deformations are necessaiv, it mny be desirable 
to heat the }>lHtc 
at such plaees in 
an open fire; but 
local heating is, 
as far as possibh*, 
to bo avoided, 
as it tends to set 
up stresses in 
the plate, besides 
making it brit- 
tle. When the exact form of the plate has been 
obtained the necessaiy iivet holes must be 
marked on it as well as* the outlines of its edges. 
This may be done in the usual way by a template, 
which is fixed on the frames at the ship. 

Where there is a knuckle or sharp bend, as in 
the plate shown in 106, it is necessary to use thin 
pieces of tin to form a hinge where the two parts 
of the template are united at the knuckle. The 
work of marking the holes and transferring them to 
the plate is otTierww^e as for all ordinary plates. 
The plate itself is sometimes taken to the shijt 
and fixed in position, and the rivet holes and edges 
marked direct without the use of a template. 
Better w'ork can usually be obtained in this way 
than by the former method, but the moving and 
fixing up of the heavy plate is, of course, somewhat 
more troublesome than the manipulation of the 
light and handy template*. 

Fitting of Liners and Straps. While 
the main items of the ship’s structure are being 
prepared and fitted in place a great number 
of smaller ones have to be dealt with. In the 
first instance, as soon ns the inside strakes of the 
shell plating are fitted in position, it is necessary 
to have the lining pieces, already i-eferred to, pre- 
pared. Thc^y are only strips of iron of the width 
of the frame shell flange and of the same thickness 
as the inside strakes betw'een which they are fitted. 
If the thickness of these plates differs much it is 
necessary to taper the liners, or packing pieces, ns 
they are also termed, in order that their thickness 
may agree at both ends with the plates they abut 
against. The work of fitting these liners is very 
simple, and is usually left to apprentices or old 
men. Small templates may be used, which are 
placed in position, and on which the exact lengths 
as well ns the position of the rivet holes are marked 
before being transferred to the rolled iron strips. 
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When the butts of the plating are lapped, ae is 
np^ usually the case, the end attachraont is 
arranged complete for riveting by the fitting of the 
adjoining plates thethselves ; but ^hen the plates 
are butted against each other it is necessary to 
prepare and fit butt straps. This is, as a rule, done 
ny another set of men, who can proceed with the 
work while the plating proper is being fitted. 
The work is of a similar nature to the preparation 
of liners, except that it is more important, and 
greater accuracy is necessary to ensure an efficient, 
strong and watertight attachment The straps 
are considered as small plates, and as such, ordered 
separately. Templates are again used to deter- 
mine their exoc^t size and form and the position 
of the rivet holes. When all the plates and angles 
of part of the structure have been fitted in position 
and securely screwed up with bolts inserted in the 
rivet holes, so that the surfaces of the adjoining 
parts fit closely to each other, then the process 
of riveting may be begun. 

Shapes of Rivets. The efficiency of the 
entire structure depends very largely on the 
quality of the riveting. When anything does go 
wrong in a ship at sea, as when a leak occurs, or 
when the structure strains, it is nearly always the 
rivets or riveting that is at fault. Everything 
jmssible ought, therefore, to be done to ensure 
absolutely sound work in the connecting up of all 
the individual parts of the structure. The 
))rimary necessity for good riveting is fair holes — 
that is, the holes of each individual item must cori‘e- 
mmnd exactly with those of the adjoining part. 
The next point is to see that those parts are well 
sci'ewed up, so that the faying surfaces are fitting 
quite close together. The shai>es of the ordinary 
rivets used in shipbuilding arc illustrated by 107 
to 118. Figure 107 shows a rivet with the so-called 
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pan head. It is used almost everywhere in the 
structure where hand riveting is adopted. Figure 
108 shows a rivet with a semi-spherical head, called 
a snap head. It is practically used only where the 
riveting is hydraulic. The rivet shown by 109 has 
a countersunk head, which is necessary where there 
must be no projection beyond the surface of the plate. 

Rivetini^. The rivets are heated in a small 
}>ortable hearth, which can be worked by a boy. The 
red-hot rivet is inserted in its hole, as shown by 110, 
and a heavy holding-up hammer is pressed against 
its head by a man on the one side of the plates to 
be riveted together, while one, or usually two men, 
hammer down the point on the other side. The 
length of the rivet ought to be such that the pro- 
jecting amount of material is just enough to form * 
the point-head. In the case of the rivet shown in 
110, it should be enough to fill the countersink 
and project just a little beyond the surface of the 
plate. If there is too much materii^part of 
it is rapidly removed by a chisel, andthe^int-head 
is formed of the remainder. The hammers used in 


riveting are moderately heavy ones, with long heads 
and somewhat flexible handles, and the blows of 
the two men ought to be delivered quickly and in 
the proper direction, so that the material of the 
rivet may be driven into every little space of the 
hole, and thereby ensure perfect watertightness. 
Figure 111 shows a rivet hammered up in the outside 
plating, either in butts, edaes, or frames. Figure 112 
shows a rivet used where the plates are not counter- 
sunk. The point is here simply formed of material 
hammered down until it assumes a conical shape, 
projecting a little over the plate. The form of 
rivet usually adopted where hydraulic power is 
used is illustrated by 113, the semi-spherical 
forms of the head and point being best adapted 
to the dies of the machine, which simply ^ips the 
rivet in powerful jaws as illustrated by ll4, and 

closes it up in a 
moment by a steady 
pressure. Hydraulic 
riveting is superior 
to hand riveting, as 
the great pressurti 
forces the plates 
themselves together 
114. HYDRAULIC RIVETING just at tho moment 
the rivet is closed up, 
but unfortunately' it is impossible to use it in many 
])laces in a ship. 



Caulking of Plates and Wood Decks. 

I'o ensure watertightness of the joints it is in 
most cases necessary to caulk them after their 
Iwing riveted. This is a comparatively simple 
))iece of work, consisting in bringing the very eage 
of the one plate to bear absolutely hard against 
the joining one at every point. Figure 115 shows 
a section of the overlap of a landing of 
outside plating. A tool like a blunt 
'.ihisel is held as indicated, while it 
rcceive.'t smart blows from a hammer. 

The result is that a sm-in portion of 
the material at the very edge is slightly 
d '8 pi ’iced and forced against the other 
plate, thus making the joint water- 
tight. When all edges have thus been 
caulked, the structure is ready for 
painting. It is essential to the proper 
]>reservationof the steel that it should be efficiently 
covered by paint or cement. The surfaces ought, 
therefore, to be dry and well cleaned before they 
are covered. In the bottom and in all confined 
spaces cement is, perhaps, the best coating, else- 
where red-lead paint is used as the protective cover- 
ing. While the structure proper is thus nearing its 
completion the carpenters may be laying the wood 




116. CAULKING DECK OF A SHIP 


decks, if such are required. They consist of 
planks, 3 in. to 4 in. in thickness, laid in a fore- 
and-aft direction, and fastened by means of screws 
and nuts, either to a steel deck or to the beams, 
if a steel deck is not fitted. Such wood decks are 
made watertight, as were the old wooden ships, by 
means of oakum hammered down [116] so that it 
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fills the spaces botwceti the planks with a hard 
composition which will swell when it becomes 
moist, and thus secure watertightness. After the 
laying of the decks the joiners take possession of 
the spaces set apart for cabins or for crews, and fit 
them up as suitable living spaces, as in the case of 
buildings on land. The vessel is now completed 
sufficiently to admit of her being launched or 
put into the water. 

Launching Preparations. It will lx> 
easily understood that the moving of a hu^^ 
structure, weighing possibly many thousands 
of tons, is an operation not entirely free from 
risks, and great care must be taken if it is to bo 
carried out without accidents. If the vessel 
is at all large the carpenters begin the launch- 
ing preparations at an early moment. In the 
first instance, the ground' is securely piled, if 
necessary, at the after end, where the weiglit 
of the vessel will be passing over it, and where 
a subsidence at the moment of launching 
might have a disastrous effect. Two rows of 
very seouroly laid blocks arc next placed one 
on each side of the keel blocks, as shown 117 

They aro parallel to the keel, and extend 
under practically the entire length of the 
vessel. On the top of these blocks long lengths 
of heavy timbers are laid, sccurel3' bolted together, 
and resting everywhere on the cross-blocks. Tw»> 
wooden sliding rails, c alled the standing ways, nie 
thus formed, the upi»er surface of which is some 10 
to 50 in. in width, according to the size of the 


short intervals, are laid pairs of wooden wedges, as 
shown by 118» and over these, again, long timbers 
fashioned to fit the lK>ttom of the vessel, against which 
they are forced by the driving in of the wedws. This 
is done with only moderate force until all the pre- 
liminary preparations for the launching are com- 
pleted. Powerful rams are then used simiiltanoously 
at the same points on both sides of the vessel for the* 
purpose of driving in the wedges and pressing the 
timbers abov’^e against the vessel with great force. 




117. BI^CKS PLACED FOR LAT^NCHING 

v(*ssi*l. Their sloi^e towards the water is usuullj' 
uniform for the length of the vessel, and is about 
1 in 50. Near the water it is often gradually in- 
creased somewhat. On these guides the ship is 
allowed to glide into the water by its own weight. 
In order that the huge weight shall not gather any 
more imx)etu8 than necessary in its motion, the 
declivity of the ways is made as small as possible, 
find the surfaces are well greased with tallow and 
black soap to lessen the friction, and thus make a 
smaller angle of inclination possible. 

The Launch. When the standing M'ays have 
thus been well greased, the sliding ways are laid on 
the top of them. They consist of timbers bolted 
together, to the same width as the lower ways, but 
with a guiding piece bolted on the inside, ns shown 
by 118, which prevents side slipj>ing in the same 
maimer ns the project- 
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ing part of the tyros on 
i-ailwaj^ wheels. These 
sliding ways aro linked 
together by short chains 
where they abut against 
each other. On the top 
of them, and with very 


119. SLIDING WAYS AND VERTICAL TIMBERS 

It is not intended thereby actuality to lift the 
structure off its other supports, wliicli could onl,v 
bo done in the case of smaller vessels, but the 
object is to secure a sound support at the ways 
wiien all others have been removed. At the ends 
of the vessel, where the form is fine, it is necessary 
to erect vertical timbers standing on the horlzontid 
ones above the sliding ways, as showm by 119 and 
120. The vertical timbers are held against the ship 
sit their head by 
means of cliaius 
passing under the 
keel of the vessel 
(1201; they are 
thereby' prevented 
from sliding off the 
bottom in the wedg- 
ing - up process. 

When tnis has been 
completed the 
numerous shores and 

tlie bilge blocks that ^ 

have hitherto, in iDii r "* 

addition to the keel 
blocks, supported f20. vertical timbers and 
the structure are chain 

carefully itimove<l, 

until the vessel rests only on the keel blocks and 
the launching way^s. At the last moment the 
former arc also removed. This is done by splitting 
the uppermost ones of the piles, wkich are for that 
purpose comparatively small, as shown by 117. 
When the last of these supi>orts has been removed 
the vessel is standing cpiite free, and is resting 
only on the launching ways. 

Methods of Checking Motion of 

Vessel. To nrevent the vessel from movitig 
until the intenaed moment a keying arrange- 
ment is provided near the fore end of the vessel, 
os shown by 119. The details of such a holding 
mechanism are shown by 121. Two strong pieces 
of iron, A and B, are securely fastened to the sliding 
and standing ways respectively in such a manner 
that a third j^iece of iron, C, called a dagger ^ can 
be placed between them. As the sliding ways tend 
to move downwards, A will press the dagger against 
B ; but the tilting of C is prevented hy a dog-shore, 
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D, fronr a fixed log of wood, K. When all 
keel blocks have been removed, dogshores, D, 
on both sides of the vessel are the only obstacles 
preventing motion. At a given signal these are 
X ' knocked down 

at exactly the 
same moment 
on both side.?, 
and the vessel 
and the sliding 
ways glide to- 
gether down 
into the water 
with a gradu- 
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121 . KEYING ARRANGEMENT 


ally inorea.sing velocity. If they should not move at 
once, hydraulic Tams are applied to the fore end of 
the sliding ways until the motion is started. If 
there is a good width of water to launch into, the 
vessel is allowed to glide out into the water, and 
drop its own anchors until tugs can tow her to the 
berth. If the water, on the other hand, is narrow, 
it becomes necessary to stop the progress of the 
vessel before she can be damaged on the opposite 
bank. This may be done in various ways, the simplest 
of which is pcrha}>s the one where a number of 
anchors arc fixed in the ground on both sides of the 
building berth, and j)laced in pairs. Two strong 
chains of suitable length are then attached to the 
how of the ship and to the lowest pair of anchors, 
which, again, are (jonnected by chains with the 
higher situated ones. As soon as the vessel is in the 
water the first pair of anchors come into opera- 
tion, and being dragged slightly, the next pair 
follow, and so on. In this way a vessel can be 
stopjxid in a given distivnee without it being done 
suddenly. 

Completion of the Ship. The next 
step towards the completion of the vessel is 
the supplying her with the engines and boilers, 
which have been constructed elsewhere while 
the hull was being built in the shipyard. 
The work of fitting these is carried out by the 
engineers, but the shipbuilder must often remove 
large portions of the structure, particularly at the 
uppermost decks, in order that there may be 
space enough to admit the bulky complete boilers 
and engines. All these portions are, therefore, 
left unrivetod, being merely fitted together with 
screw bolts for the launching operation. As soon 
ns the machinery is all on board the completion 
of the vessel can \)e proceeded with. There remains 
numerous little things that have to be supplied, 
fitted, or put in order before the organism of a 
modern steamer is in working order. Masts have to 
l>e supplied and set up with wire rigging. Anchors 
and chain cables have to be provided with windlass, 
cranes, and hawse pipes for working them. Derricks 
and winches have to be fitted for the handling 
of cargo ; mooring bollards must be fixed to the 
deck to enable hawsers to be made fast when the 
vessel is in harbour. The steering gear must be put 
in order. There are usually two steering arrange- 
ments — one aft, which works by means of a screw 
directly on the rudder head ; and another at tlie 
bridge-house, which is worked by steam power, and 
connected with the rudder aft by means of chains 
and iron rods. Ventilators are arranged to bring 
fresh air down to the passengers and cargo below 
the deck. Numerous pumps have to be fitted, some 
with pipes leading to all the many compartments 
of the vessel. In nearly all steamers there is now 
a complete installation of electric ligh^glf tfie 
vessel is intended for passenmr service tlim is, of 
course, a complete hotel outfit necessary, but that 


comes more under the joiners* and upholsterers* 
business than under that of the naval aTohjt 3 ot. 

JBeauty in a Ship. In the creation of 
a ship*s structure questions of appearance ought 
not to be entirely neglected, nor should the esthetic 
requirements be considered satisfied by the illogical 
fitting of a certain quantity of so-called ornaments 
which have no organic connection with the structure 
proper. Ships are first and foremost utilitarian in 
their object, and if they are constructed with a 
view to being as efficient as possible in the fulfil- 
ment of their duties, they will in virtue thereof 
possess a considerable amount of structural beauty. 
The fundamental eesthetio principle in ship con- 
struction should, therefore, as in the case of other 
engineering structures, be the creation of direct 
evidence of their intended purpose. A ship must 
float 80 that a minimum of water from breaking 
waves is taken on board ; she must be stable, strong, 
and speedy: and all these qualities should be 
apparent to the viewer. From the fact that she 
is movable a ship possesses much more of the 
organic character than do land structures. The 
fair, curved outlines, beautiful in themselves, 
should not be recklessly broken, but the details 
of the structure ought to be made as far as prac- 
ticable subservient to the preserving of the con- 
tinuous character of the hull. This is particularly 
desirable in sailing vessels, where the curve of the 
sheer of the dock corresponds harmoniously to the 
outlines of the sails. 

Points to Consider in Design. In steamers 
the conditions are somewhat different, and the fitting 
of breaks— such as the wells between poops, bridges, 
and forecastles — may add to the gracefulness of the 
api^earance, as may also the proy>er arrangement 
of d(‘ck houses, funnels, masts, and other prominent 
features on the deck. Each of these items may bo 
uninteresting in itself, but their combined effect may 
be pleasing. The overhanging bow or cut- water 
is justifiable only when the de^ or rail line is con- 
tinuous, as in sailing vessels, where it implies an 
organic stretching forward of the structure, which 
should exclude the possibility of any abrupt dis- 
continuities. 

In the arranging of the material of the hull it 
is always desirable to make the construction 
directly apparent. Overlap})ed butts and edges 
are, therefore, for sesthetic reasons, preferable to 
fiush ones, and when the rivets are above water, 
good full heads will everywhere look bettor than 
the flat, countersunk heads which cannot be seen. 
The bold projections give a character more be- 
coming to the surface of a large ship than the 
smooth and sleek paint alone can do. The fitting 
of iron mouldings is equally objectionable in large 
steamers, both from the point of view of efficiency 
and appearance. They are in either case too 
trivial to be of any consequence. All through the 
construction of a ship the rule holds good tliat if 
a really strong and efficient vessel is built it will 
also be a structurally beautiful vessel. 

When a ship is complete the trial trip takes place ; 
but before describing this it is desirable to explain 
briefly the operation of designing a ship. It was 
assumed at the beginning of the description 
of the actual yard operations that the ship was 
readv on paper or in the thoughts of her prospective 
builder and owner, so that her construction could 
be proceeded with at once. It is now proposed to 
deal briefly with the operations necessary to create 
this, in one sense, imaginary ship, but, at tlie same 
time, one that is absolutely essential to the successful 
making of the real one. 


5924 Continued 



The growth of SMALL SHOPS 

Group 26 

SHOPKEEPING 

Retailing Enterprise. Expansion in Business. Department Stores. 
Multiple Shops. Branch Shop Management. Treatment of Employes 

41 

Continued from ATiKl 


’T^HERE are several forms of oompfftitioii — 
^ economic growths of the last few decades — which 
the present-day retailer has to face. One is the co- 
operative society, which, from the retailer’s point 
of view, has grown to such alarming dimensions in 
the North of England, and another is the large city 
stores. How to combat these forms of competition 
is a problem the solution of which has been keenly 
sought but has never been satisfactorily given. Wi* 
cannot profess to say anything new on the subject, 
but we can at least express what those who have 
tried to fight such comijetition have done. 

Fighting Co-operative Stores. We havt* 
known flourishing businesst^s inaugurated cheek by 
jowl with large co-oj)erative stores. The pro- 
])rietorR of these successful private ventures havi* 
l)eeii men of strong ]X‘rsonality and individuality, 
who have missed no chance of turning the methods 
of co-oi^eration against its shops. The business 
done in most co-o|)erntive society shops is, at 
certain hours of the day, very largo, and cus- 
tomers have frequently to wait a very long tiuu* 
lK‘fore leaving with their wants satisficKl. We ha\c 
known this turned to advantage. A notice, 
“ No waiting here. Immediate attention," lias 
fro(iuently proved an inducement which brought 
streams of shillings to the till during the hours of 
congestion next door. This, however, was luercU' 
causing some crumbs to fall from the co-operative 
table, and the cnanbs have a way of ceasing to full 
when the next great extension of premises takes place 
in the co-operative store. The inducement of co- 
o|)eration to the ordinary co-o]X‘rativo members is 
that it forces them to thrift, I’hcy pay high prices 
for purchases, and receive back the overcharges in 
money or its equivalent at stated times. Some- 
times the system of giving bonuses ]x*riodicnlly in 
the same way has served the private trader well. In 
such a practice the bonus must l>e larger than that 
given by the store?, and it should be given just 
a little l^fore eacdi distribution by the store, alsi» the 
announcement regarding it should l)e prominent; 
otherwise, cheap sales and enterprising advertising 
are the only methods of inducing custom away 
from co-o])orative stores. Biit the flght is unequal. 
The private trader has ranged against him weapons 
such as he cannot command, for the princijile of 
association into co-operation is strong, and has 
become stronger with the growth of trade imionisni. 
The body of co-operators is nearly entirely drawn 
from the working classes. »md many arguments tha t 
might be used with some success it put before 
middle-class consumers are vain when urged before 
worshippers at the shrine of " our own shoji.’' 

Department Store Competition. To 

fight the department store is almost as difticult 
as it is to combat co-operation. The best weapons 
are a fresh and varied stock, promptness in delivery, 
and punctuality in attention to deta ils. Some goo<ls 
should be sold at lower prices than the large stores, 
and care should be taken to announce the fact. 

The largeness of turnover both of the ro-oj>cr- 
ative and of dejmirtment stores enables them to tiny 
exceedingly well. Sometimes the retail trade can, 
dy association, do as well in buying. And inasmuch 


as united action is always stronger than individual 
action, the retailer should always be an active 
member of the local trade association if there Ik? one. 

The Retailer with Ambitions. Tim 

unique series of articles which have appeared in this 
cours<> under the heading CVclopajdia of Shop- 
keeping has approached the subject from the point 
of view of the small retailer, and has t^ikcii for a 
basis the minimum capital upon which venture may 
be made into the respective fields of retailing enter- 
prise with probability of success. Some small shop- 
keeimrs arc content with their position. So long as 
his Dusiness returns to him a profit sufficient to defray 
the expenses of a moderately comfortable domestic 
establishment, and to rear and educate bis family 
fairly well, the average retail shopkeeptT eats 
the bread of thankfulness and, when his appointed 
time c omes, dies in the assurance or hojK? that the 
gcxidwill of his shop will suffice to provide the means 
of li\ing to those whom he leaves behind. But 
others of the great body of retailers aspire to some - 
thing bigger than the small or mc'dium retail shop 
c-au offer. It is not a mc‘re hunger for wealth ; 
it is quite as mueh the legitimate ambition for 
a wider scojK? for energy, the desire to organise 
and control a bigger ent<?rf)riHe than that contained 
within the walls of a double-fronted double-countered 
shop. For the man or firm who sck'Us to sprciwl 
thc‘re arc many avc‘nues towards botli the upward 
path of success and the chasm of failure'. It 
IS foolhardy to attempt any commercial enter- 
prise without cajiital adequate to the occasion, and 
the folly is increased ns jK'rsoiinl knowledge of the 
business attempted is deficient. To borrow capital 
or any large jKirtion of it in the hojK* of being able 
to do a larger business, and thus repay it, is a device' 
fraught with great danger. It is always tlic 
iK'tter plan to develoji as capital increases by 
profits bi'ing left in the business instead of In'ing 
withdramti for ])er.soual or other expenses. 

How the Retail Business Grows. The? 
most natural growth, and the most frecincnt, is that 
a retail c'oncK'rn engaged in a single branch merely 
grows larger until it has reoc'hed the limit that the 
district in which it is situated can support. Such 
a growth is the safest. It depends not at all upon 
any violent departure from the even tenor of routme. 
The net profit of the <?oncern may lie, say, £000, half 
of which is taken out by the proprietor, and the other 
half goes into incronsed stoc'k, or is us<?d to make 
iK'tter terms in buying, cither by fjurehasing in 
inerensed quantities, or by paying more promptly 
for ordinary purchases, thereby increasing still more 
the surplus profit in succeeding years. Then the 
ot»portimity of renting or purchasing the adjoining 
premises comes, the stock is spread out to fill 
both shops, and, with little expense, the proprietor 
makes double the show he formerly did, and may 
do double the trade. 

But besides the natural growth which we have 
outlined, and which has its distinct limits, there arc 
four channels by which much greater success may 
Ik? achieved. There is first the multiple-department 
shop. Tlie draper takes up house-furnishing as a 
side line, the ironmonger adds a cycle department, 
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the ^ chemist makes photographic apparatus, iv 
special department^ and so on. Thus the Whiteleys 
and Shoolbreds have been built from modest be- 
giimings. De]mrtmeiit has succeeded department, 
each being placed under separate expert management 
as it became important enough to warrant such 
treatment, and our mammoth departmental stores 
have emerged from the process. 

The Multiple Shop. But the depart* 
mental store has its limitations. It is a commercial 
possibility only in the large towns and cities where 
the consuming public constitute a sufficiently 
numerous body to support it. This fact has given 
rise to a new phase of commercial development — to 
wit, the multiple shop, of which Linton’s is the 
most prominent example. The multiple shop com- 
pany offers far keener com|)etition to the small 
retailer than does the big department store. The 
consumer has to go to the store. It may be central, 
but it cannot be at the door of everybody, while the 
branch of the multiple shop comes and opens at the 
street corner, Tiot seeking to enlarge it^lf into a 
huge concern, but content with the trade which the 
immediate neighbourhood affords. The small 
shopkeejier is now between the upper millstones of 
the departmental and professional stores and the 
nether millstones of the multiple shop and branch 
co-operative stores. His ultimate fate is uncertain. 
Perhaps his last refuge will bo found in seeking 
employment under a multiple shop company or with 
co-Of>cration. The day of extinction is not yet 
awhile, but the clock of economic evolution seems 
to be moving towards it. The small shopkeeper 
has a . harder fight than ever before to x^reserve 
“even that which he hath,” and his safety as an 
indejKuident unit in the army of distributors is not 
to attenii)t to stem the economic tide which is 
flowing in to tvehieve his undoing but to go with 
that tide and come out on its crest no longer a 
small shopkeeper but the owner or director of a 
multiple shop company, or of a largo departmental 
store. Every small retailer cannot realise this 
dream. Essentially, the battle is to the strong 
and the race to the swift. Tlie field is favoiu-able 
for the development of department stores, and 
especially of multiple shops. The most brilliant 
commercial geniuses will rise to ownership of these, 
but more and more will it be necessary for the small 
retailor to enlist in the service and follow the 
banner of one or other of these leaders. Our ulti- 
mate fate, according to the Fabian Society orators, 
is that oven the agents of distribution will bo sucked 
up by the swelling tide of Socialism, and that 
everyone in the commercial and producing com- 
munities will i)erforce become servants of the 
State. The latter i>rospect need not yet disturb 
our equanimity. Ite realisation is still clouded by 
a dim mist of unrealised dreams. 

We must accept the situation that the multiple 
shop is a formidable antagonist to most private 
retail traders and the opportunity of the remain- 
ing minority. Tlicre remain two classes of 
enterprise to which retailers, to whom expansion is 
the breath of life, may direct their attention and 
energies. 

The Retailer Who Becomee a Whole- 
.aal er • Retailers grow into wholesalers. The tr ansi - 
tion is easy and natural under certain circumstances, 
•and is most often witnessed in the provinces. Most 
of the wholesale houses in provincial centres to-day 
have had their inception in a small retail buwess. 
The district probably contained or was in ysfmmity 
to a fair numoer of smaller retail shops whos^wners 
had to purchase in small quantities. The “ whole- 
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sale,” dopart-ment, originally probably a courtesy 
title rather than a correot designation, g|:ew U|itil 
it outsizod its retail parent. Ite value at first was 
not so much direct, profit from its operations, but 
that it permitted purchases for the retail depart- 
ment upon a larger scale and at k^ner prices. When 
it grew a bit it became an object in itself. Commer- 
cial travellers were engaged, and finally the pro- 
prietor kicked away the ladder by which he had 
climbed, casting off the retail branch and raising 
himself into the supposedly higher social standii^ 
of a wholesale merchant.” 6uch is the history in 
outline of most of oiu* large provincial wholesale 
firms of the present day. 

Developing Into a Manufacturer. 
Lastly, there jmsses into the field of our scrutiny 
the retailer who turns manufacturer. In many do- 
liartments of commerce the opportunities for such 
expansion were more favomrable than they are 
to-day, when large establishments and expensive 
machinery plants are necessary to production upon 
a sufficiently economical scale to offer combat in 
these days of excessive competition, when every 
consumer is looking for the biggest pennyworth his 
bronze coin can purcliase. The most prominent one- 
time retailers who have risen to be large manu- 
facturers are the immense biscuit-making firms in 
Reading and elsewhere. A retail baker is of 
course a manufacturer in a small way, but the 
difference between the baker who makes bread for 
household delivery and the companies with acres 
of factory space who send biscuits to the furthest 
comers of the seven seas represents a rapidly 
jiroj^essive history of development from the vulage 
retail shop to present eminence. The proprietors 
of Sunlight Soaj) are also instances of similar 
enterprise even more rapid in the attainment of 
success and even more prominent in the industrial 
world. Many other parallel cases might be cited, 
but these will suffice. 

How Expansion Comes. Of the various 
methods of expansion which we have reviewed, 
some are natural and obvious, while others involve 
depart\ire from established practice. Thus diversion 
into the field of wholesale trading is natural. It 
often comes unsought, and thus the retailer has 
thrust ux)on him a new department of which he 
may not at first appreciate the possibilities. Manu- 
facturing is often in the f,ame category. A small 
furniture repairing department or a small one- 
man tinsmith’s shop may be the germ from whicli 
will spring a well-equipped factory with ramifica- 
tions covering continents. But the remaining: two 
methods which have fallen under our considera- 
tion do not usually come in the same natural 
fashion. The draper who decides to cater for the 
house furnishing requirements of his oustomorH 
takes a decided stej) in a new direction fully aware 
of what he is doing, and may have laid the founda- 
tion of a department store. Similarly, the man 
who opens a branch shop takes a radical step in a 
new direction. The first branch shop pays its 
way in a few months, and he opens a second, 
taking core to select a locality where there is pros- 
pect of immediate profitable returns. Increase in 
the number of his shops means no more work for 
him personally. We have heard retailers manv 
times criticise what thej’' called the folly of branch 
shops, and have frequontlv heard the objection: 
“ No man can look after all these shops properly ; 
I know that I have my hands full with one.” 
Objectors of this sort are correct. Tbey do find 
all their time occupied in looking after one shop, 
and tlie multiple shop is not for them. The only 
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man who can make n success of the multiple shop 
or the department store must l>e the man of system. 
He must know how to devolve the conduct of cer- 
tain of his aiTairs and of all the details to others. He 
must be a jud^ of men, capable of choosing men 
qualified to fulfil satisfactorily the duties he may 
]ilaoe uj)on their shoulders. Many good business 
men remain small traders because, thinking that 
no one can do certain tasks nearly so well as them- 
selves, thev want to do everything with their own 
hands. They fail to appreciate the value of their 
own time, of their own services in direction. Per- 
formance is for subordinates, commanding is for 
officers, and while an officer should know how to 
jierform, he should know when to refrain from 
performance. Men who ciinnot rise above the ranks 
of the performers will never rise in the army of 
shopkeepers above the rank of i>otty officers. 
Generalships are for those who can take a wide 
view of the field, and not for those wlio insist upon 
limbering the horses with their own hands. 

Cash and Credit Trade. There is this 
attraction about the large department store and 
the multiple shop system of trading — that, unless 
in exceptional cases, business is done on a strictly 
cash basis. Tliere is no capital locked up in 
ledger debts — goods sold and not ^wiid for at the* 
time. Tlic man who does a large trade upon a 
credit basis must have a much larger capital than 
he who adheres to the practice of selling for cash 
only. Ho must, indeed, have double the ca^utal 
engaged. His working ex|ienses are on a higher 
scale because interest on capital, expenses in l)(K>k- 
keeping, and loss by bad debts are for him items 
of exjiensos from which the cash trader is frcM\ 
Consequently he cannot sell so cheaply as his cash 
competitor, or if he should elect to sell as cheaply, 
he camiot make an ad(*<piatc profit, 'rhe weapon of 
pric!(? cutting is a ])owcrful one ns an inducement to 
attract custom, but it onmiot be wielded with equal 
effect by the credit shopkee^wr as by the casli 
retailer. For these rcn>sons the shopkeeper who 
wishes to make the most of moderate capital should 
lean towards the multiiilc sho]) or department 
store. 

Account Rendering. The shopkeeper who 
sells upon credit must see to it that his losses by bad 
debts are near zero. Every shopkeeper has the desire 
to attain immunity from loss from bad debts, but 
many neglect elementary precautions that would, if 
employea, iedu(!(^ such loss materially. Accounts are 
rendered to customers periodically, the length of 
credit ^ing governed by the class of trade, the 
c'ustomers, and the district. Weekly accounts arc 
desirable, and are frequent in trades that supply 
comestibles. In other trades, monthly and quarterly 
accounts arc the rule, while in a few cases half- 
yearly and yearly statements tvro sent out. These 
last are far too long, and are happily becoming less 
common than formerly. 

Whatever length of credit is given, the accounts 
should be rendered promptly. It is often a cose of 

first come first served.” Accounts should not be 
allowed to remain un^mid without notification to the 
debtor l^eing sent. If the accomit be a three-months' 
account, the statement should, if no payment has 
been made, be rendered again in one month. If this 
has not the desired result, two weeks later yet another 
statement should be sent, accompanied by a polite 
yet firm intimation that payment is desired forth- 
with. Failing compliance, the debtor should receive 
in another week a demand a little more peremptory 
in tone, and, later still, a. definite threat that unless 
jjayment be made within, say, three days, legal 


proceedings will be taken to recover the debt. 
These requests for payment should be made in an 
ascending scale of severity. An excellent system 
employs a counterfoil book, having detachable 
notices, which are affixed to the account one after 
another, as the application is renewed. The first 
application after rendering carries an affixed label, 
which reads : Fearing that this account may have 
cscajied your notice, I (or, we) bo^ to call your 
attention to it.” Subsequent applications would 
read : ” Third Application. Kindly let mo (or us) 
have settlement of enclosed account without delay.” 
‘‘ Fourth ^plication. This accoimt is much over- 
due, and I (or we) must insist upon settlement 
immediately,'’ and : ““ Fifth Application. Unless 
this account is ])aid within three days, legal measures 
will bo taken to ensiu*o payment.” No debtor who 
has received these successive intimations can com- 
plain of harshness, and anything tliat may befall 
him later is his own fault. This system is much better 
than the frequent practice of letting things drift, 
and when the ac(?oiini is very old, sending in a 
IWTcmptory notice or a legal summons without 
previous requests. 

The shopkecjHjr, or a resjionsible servant, should 
examine the ledger nt frequent intervals — say. 
weekly — to see wiiat accounts are outstanding, and 
if action should bt* taken regarding any of them. No 
part of the shopkeeping business is more important, 
than this, or demands more careful personal atten- 
tion. Si^ocial precautions are necessary wiien busi- 
ness is done under the liire-purehase* system, and 
these were considered on page 704. 

Debt Collecting. Assuming that re|>eated 
apjJications for payment of a debt have b^n ig- 
nonnl, there remains for the shopkeej)er legal pro- 
ceedings against the debtor. Some men are so 
averse from instituting such y>roceeding8 that they 
would rather lose the money owed. This attitude is 
wTong, and if made a practice, puts a premium on 
commercial fraud. There are circumstances — such 
as the misfortune of the debtor— w^hieh maj' cause 
the creditor to exercise generosity, but W’heii debts 
have been incurred without a sense of their res|X)n- 
sibility, or with the direct intention to evade pay- 
ment, or when the debtor can pay if ho will, tlie 
policy should bo one of no quarter. 

If there are many nccoimts to collect for which the 
aid of the law courts has to be evoked, it may be 
wise to keep a special clerk, familiar with the routine 
of the court, or it may prove economical to make 
this work within the province of an ordinary clerk. 
A little exyKjrience will make a clerk familiar with 
the procedure. But, usually, the number of accoimts 
does not warrant this. There are many sotictieH 
that do the work, and a y)eromptory demand from 
such a society will often bring payment, as it show^s 
tliat the creditor is in earnest. Membership in such 
a society costs nn annual subscription, which varies 
in amount according to the yiriviloges granted. 
It is usually about one guinea y)er annum, and a 
commission on the accounts collected is also charged. 
An alternative method is to hand over all such 
debts to a solicitor. The procedure regarding action 
in the County and High (iurts, and the course to l>e 
followed in the event of judgment, is too coraydex to 
describe in detail, and as they are seldom followed, 
except through the agency of men familiar with 
them, we shaU not describe tliom hero. 

Commission to Employes. One of the 
secrets of most successful businesses where there 
are many servants in char^ of branches or depart- 
ments is the system of rewarding resyKinsible 
servants according to results. A manager of a 
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branch shop receives a salary wliich varies with 
the trade — say, 308. to 40s. a week for a branch 
oil -shop and 408. to 60s. a week for a branch 
drug-shop — and a commission. - There are many 
ways of estimating the commission. It may be 
reckoned iqxjn turnover, upon net jjrotits, or 
ui>on individual sales of certain remunerative 
articles. The precise method adoi)ted must bo 
decided by the particular (‘onditions of the case 
under consideration ; but the last-mentioned method 
— that of giving commission upon the sale of certain 
remunerative articles — is l)ecoming more common, 
and has fewer objections from every ])oint of view 
than any of the others. 

Restrictive Agreements. The em]>loyer 
frequently binds his managers, assisUmts, and 
travellers by the terms of their employment that 
they shall not, within a specified iiiimbtM* of years 
after leaving their service, «j)eii shop within a c-om- 
l>eting area. There is a gockl deal to l)e said both 
for and against this practice. It is liable to abuse, 
and its abuse is to be condemned, for tlie employer 
is within his right in bargaining that any sjiecial 
information gained and jjersonal connection made 
by u servant when engaged on his l^ehalf shall not 
at a future time be turned into a weapon of opj)0- 
sition. Tlie law courts regard with suspicion any 
restrictive agreement of this nature, and if it be too 
restrictive in its terms it may not be u])held in 
the courts. Wise cm filoyers wishing to protect their 
legitimate interests, therefore, will not make such 
agreements too wide in their apiilication nor too 
restrictive in their conditions. Thus they will be 
more likely to have them upheld in the regrettable 
<*vent of recourse to law being necessary. It remains 
to be said that the Shop Assistants’ Assotdation arc 
combating with all the energy they can put into the 
light restrictive agreements whatsoever, and are 
meeting with a little success in some quarters. In 
the case of commercial travellers, one lias only 
to look at the advertisements in the trade and 
daily Press to discover tJiat almost every employer 
seeks a traveller “ with good connection,” which 
means that they wisli a man who can transfer to 
them some of the trade held by one or other of their 
comjKjtitors. 

Treatment of Employes. The question 
of compensation for accident and during illness is 
an im[)oriant one for all employers, whether retailers, 
wholesalers, or manufacturers. The Workmen’s 
Compensation Act (1906) applies to retailers and 
wholesalers as well as to manufacturers. 

An “ employer ” under the Act means any person 
who pays any other person to perform some service, 
and a ” workman ” is any manual labourer, whatever 
his earnings; and any other employe earning up to 
£250 per annum. A shop assistant is a manual 
labourer, and every shopkeeper's assistant would 
come under the provisions of the Act. A ” casual ” 
worker also comes under the Act if he be engaged 
in assisting the employer in his business. Thus, an 
extra porter taken on at a time of extra pressure 
would be technically a “ workman.” In sub- 
contracted work the workman may recover from the 
principal. The injury for which a servant may 
claim compensation is any disablement which in- 
capacitates him temporarily or permanently from 
following his employment or from earning as much 
as he did before the injury. Any disease arising out 
of an injury — as blood-poisoning from a cut jfiger — 
constitutes a claim for eompensation. If tfrinjury 
does not incapacitate the workman for more than 
one week, no compensation is due, and if it incapaci- 


tates for more than one week, no claim for the first 
week can be sustained. If the accident arise from 
wilful misconduct on the part of the workman, no 
claim can be made on account of temporary disable- 
ment, but only in the case of death or serious and 
rmanent disablement. The amount that may 
claimed for non-fatal accidents is one-half of the 
average weekly earnings, but not more than 208. 
f>cr week. Thus, an assistant earning 40s. per week 
could claim 20s. per week during disablement, but 
an assistant earning 50 b. or OOs. per week could not 
claim more than ^s. When the injury is perma- 
nent, the employer must pay half-wages, os stated, 
for six months, and then, failing an amicable settle- 
ment, the servant may claim a sum whi<!h, invested 
in a (lovemment annuity, would yield three-fourths 
of the weekly wage before disablement. When death 
results from the injury, “ dependants ” ut>on the 
deceased — including wife, husband, parents, step-, 
parents, children, step-children, brothers, half- 
hrothers, sisters, and half-sisters — may claim com- 
pensation up to £150 if the full wages before the 
injury were less than 208, per week, and np to £300 
if the wages were higher than 20 b. If the estate of 
an employer be not siiflficieni to meet a claim under 
the Act, the disabled workman or the “dependants” 
of a workman fatally injured may take the proceeds 
of the entire estate and come before the ordinary 
creditors. Take a supposititious case. Suppose that 
a small trader and his assistant are both killed by 
accident — say, an explosion of gas in the shop — 
and both leave widows and families behind. The wife 
of the assistant has first claim upon the estate, and 
the wife of the shopkeeper can claim only what is 
left after this and the claims of the trade creditors 
liave been satisfied. The law would exceedingly 
oppressive in some cases wore it not possible to insure 
against its risks, and it is extremely imprudent not 
to seek protection by insuring. The premium is 
usually a percentage uiK)n the amount of the total 
wages paid, and varies for different trades. The 
insurer should be careful to see that he is protected 
against all claims that may bo made against him, 
and his iwlicy should specifically mention that it 
covers claims under Common Law, the Fatal 
Accidents Acts, the Employers’ Liability Act and 
the Workman’s Compensation Act, 1906. It should 
also cover “ third-party ” risks — that is, risks of 
an accident occurring on his j)remi8e8 to the 
servant of another employer. Thus, the workman 
of a painter whom a shopkeeper had employed 
to do work on his premises might meet with nn 
accident and have a claim against the latter, who 
would have recourse against the painter ; but, in 
the event of the painter being a man of no substance 
and being uninsured, the shopkeeper would suffer. 
'J’he policy should cover risks of such a nature. 

Sickness of Employes. Liability for 
compensation to employes in case of 8ioknes.s, 
where the Workmen’s Compensation Act does not 
aijply, rest upon common law. Unless there is a 
clause in the agreement to the contrary, or unless the 
contrary be proved to be the common practice of the 
specific trade, a servant is entitled to wages during 
sickness. Should the employer wish to do so, he 
may give his servant notice of termination of the 
’engagement, but even then he must pay wages 
until the notice takes effect. 

The notice to which an employe is entitled 
when the employer desires to terminate the enga|;e- 
ment is subject, in the absenoe of specific stipulation 
in the agreement of servioe, to the custom which 
prevails m the trade. The majority of cases which 
tlie law courts are called upon to decide in dispu teg 



between employerfi and employed relate to this point 
of notice mie, because in many trades there is 
nothing approaching uniformity of practice in 
giving notice. The frequency of disputes is a strong 
plea for a clear definition of the notice to which a 
servant is entitled in the event of being discharged. 
A frequent and reasonable practice is that porters 
and labouring servants should receive one week^s 
notice, assistants two weeks or one month, and 
travellers one or three months. The rule, what- 
ever it may be, ought to apply both ways — both 
the employer and the employe having the right 
to terminate the service by giving the notice agreed 
upon. The employer is usually considered to have 
the right to part with any servant at once by giving 
him waws up to the time when notice would take 
effect, but an employe cannot leave his employ- 
ment by forfeiting a similar sum of money. The 
reason for this is apparent. The employe’s claim 
for wages being satisfied, he can demand nothing 
more, but the employer has a claim for service, 
which cannot, unless with his consent, be com|x?n- 
sated by a money pa3r]nent. 

Precautions Against Dishonesty. It 

is not uncommon to insure employes who have 
the handling of money belonging to the employer 
in an insurance company doing “ fidelity guarantee ” 
business, so that., in the event of the servant mis- 
appropriating his employer’s money, the latter is 
repaid the amount by the insurance company taking 
the risk. The servants so insured are generally 
cashiers, collectors, and commercial travellers. It 
is usually the servant who pays the premium, but 
the rule is not universal in its application. The rate 
usually demanded varies from 10s. to 40s. per cent. 
]>er annum upon the amount of the sum guaranteed. 
The lowest rate (lOs.) applies to servants like ordi- 
nary clerks who are not subject to temptations 
which may come from the constant handling of 
money, and the highest rate is demanded for com- 
mercial travellers working only on a commission 
basis. 

Speculative Buying. The wholesaler and 
the large retailer may make money by speculative 
business — that is, buying stock for a rise. A study 
of the markets and of the conditions which govern 
the prices of commodities may enable a shrewd man 
to make far more money than he could do merely 
by buying for his needs as they arise. But under 
the stress of modern competition the advantage 
thus gained is often thrown away — to the public, 
if the buyer be a retailer, and to the retail trade if 
the buyer be a wholesaler or manufacturer. To sell 
at the old price when the market is up, even if the 
particular article sold may have been well bought 
before the rise, is folly. The buyer has taken the 
risk of losing by a fall if his judgment has been in 
error, and is fully entitled to the extra profit 
if his foresight has enabled him to anticipate a 
higher market, and to prepare for it. Want of 
recognition of this elementary but important 
business principle causes men to throw away 
recklessly money that they have honestly earned 
by judicious buying, and on other occasions their 
anticipations may not be realised, and they may 
load up befoi*e a market fall, suffering thereby. 
The wise speculations should be used to discount the 
unwise ventures, and not thrown away to customers. 
The desire to do a big trade, and dread lest a oom- 
titor should do some business is usually at the 
ttom of the foolish practice we criticise. Many 
business men would do far better for themselves 
if they paid less heed to what their competitors 
are doing. No man can do all the trade in his 
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district. If some one else chooses to do unremuno- 
rative business, let him do so. 

Branch Shop Syatems. The success of 
a branch shop depends upon the system devised for 
its management. The managers of branch shops 
should be picked men, which means that they must 
be men with, good wages. They should be given 
an incentive in the form of commission upon business 
done, and where individual sales can be tabulated, 
assistants under branch managers should also 
receive commission in addition to salary. But the 
knowledge that be has good servants in his branch 
shops should not restrain an employer from institu- 
ting a proper system of checks. Opportunity 
often leads to dishonesty, and the employer may 
prevent the opportunity by the introduction of 
some of the system which prevails in the branch 
shops of the Ixjsi governed houses. 

In small branch shops a check till should never 
be absent, and in larger establishments the cashier 
system maj^ be introduced with advantage. It is the 
practice in some of the large* stores and branch 
shops that the assistant who makes the sale does 
not handle the money at all but merely hands 
the bill to the customer who pays at the cash 
desk, then returning to the counter for his parcel. 
Then the cosh, the [wy slips, and the pay slip 
counterfoil retained by the counterman should agree 
in their totals at the end of the day. The system 
is as nearly j)erfect as system can be. The only 
means by which it can l)e circumvented is collusion 
btitween the counterman and the customer, or be- 
tween the counterman and the cashier, and human 
ingenuity is unable to devise a system w'hich human 
ingenuity cannot in some manner outwit. 

Periodical in8|)ection, either by the proprietor or 
his deputy, should be fairly frequent in branch 
shops, and stock should be taken and a balance 
struck as often as (’.an be made convenient, or even 
at some inconvenience. 

Most branch shop trading is for cash, but this 
rule should be elastic to some extent. The manager 
should be invested with discTctionary powers, as 
many customers insist u{>on the convenience of 
accounts, but the terms of credit should be strictly 
limited in regard to time, and, unless accounts are 
paid by customers when they ought to be, no 
more goods should be supplied until they are. The 
enforcement of this rule may be a little unpleasant, 
and in ay cause the loss of a few aooounts, but it should 
be inflexible, as its relaxation may open the door 
to abuse and loss. 

Rules for Employes* The owners of 
company shops usually form rules to which their 
employes are expected to adhere. There is a danger 
of making such rules so sweeping and restricting 
as to be impossible of obedience, and there is also a 
danger of making them so inflexible that the re- 
sponsible manager is deprived of any power of 
individual action when exceptional cases arise. 
Success is attained by making servants enter- 
prising and desirou.s of forwarding the interests of 
the owners rather than by compelling them to be 
mere automatons by following arbitrary regulations. 
The rules, however, should state distinctly the shop 
hours, regulations regarding holidays and sick 
leave, terms of engagement (regarding the notioe 
required for its termination, uiuoss this detail is 
provided for in the individual service agreements), 
rules regarding the banking of cash, the render- 
ing of sale returns to head office, the record of 
expenses, stocktaking and stock orders, window 
dressing (if the business be retail), and the kee^)- 
ing of the necessary books, with the various 
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rosponRibilities of the different employes or classes them seem to tlourish by its assistance. The 
of empires. atmosphere in which mail order business flourishes 

The Rmllway Account. No detail of a busi- best is that wherein a cash-on -delivery postal system 

nosfl is more fretiucntly neglected than the checking prevails. The cash-on-delivery system is almost 

of the accounts of the railway companies for tlii^ explained by its name. It is simply a system of 

carriage of merchandise. Every item which appears parcel post where the Post Office authorities do not 

on the delivery sheet should be carefully checked hand over the parcel to the addressee until the latter 

in several respects. In the first place, the weight has paid the value of it as declared by the sender, 

of the package or packages should taken to ensure and after its receipt the amoimt so received is 

that the company weighers have not over assessed handed to the sender. Rec^ent attempts by the 

the consignment. Then the railway classification Postroaster-Oencral to introduce this system into 

l>ook [see page 5070] should be consulted to see that Great Britain met with so strong an opposition 

carriage is charged under the proper class. Then from the retail trade that the measure was dropped, 

the railway rate book should be consulted to see Retailers were wise in their own interests in resisting 

that the propr rate is debited. Finally, the total the measiu*e, although, viewed generally, the result 

amount, if the consi^ment is over 3 cwt., should might have been good for the community. But 

bo figured out, and if under 3 cwt., the table of there is small likelihood that the C.O. D. system of 

smalls should be referred to. We know some parcel |>ost will b<j introduced in our country within 

traders whose commercial operations are not exten- the next few years. Still, retail traders cannot hold 

sive, but who save a good deal of money annually by back the tide of progress indefinitely, and the day 

systematic checking of railway com|mnies’ charges, is sure to come when the Post Office authorities 

and we have heard a railway official say that if will act the part of cash collectors for parcels handed 

everyone were ns careful in deducting overcharges by them. When that time comes the cash ordt'r 

ns some of thost^ who do, the trading com- method of retailing will rise under the fostering arm 

iminity would ]»ay a good many thousands of of the G.P.O., and will attain a considerable iiiiimrt- 

l)oimds less pr uimum for the transprtation ance within a brief period thereafter. Then will 

of goods. The official expressed the belief that be the opportunity for enterprise, and fortunes will 

file undercharges just about balance the overcharges, be made in a few years by men able to take advnu- 

but that the traders who, in his long experience, tage of the occasion. 

had ])oiutod out undercharges, could counted on The drawback to the mail order business under 
the fingers of one hand. This is a hard saying.^ present conditions is that the buyer has to send money 

Local Advertising. It has been stated that to unknown ])eoj)le before he gets the goods. The 

the retailor who does not spend as much money iipon majority of the public are reluctant to do so, although 

advertising as he does upon shop rent is a fool. This they would Ixj (piitc ready to order goods and to 

IS swccjiing, but it contains a germ of truth. The pay for them at the time of delivery. For these 

retailer can make advertising pay — ^not prlia^w by reasons the mail rirder business has not in this 

the hackneyed style of announcements with which country attained the imjiortancc that it has in 

most loc!al papers are filled, but by really smart others.* 

advertising that impels attention— brief in its How to Work a Mail Order Buainese. 
arginnent, emphatic in its statements, and season- Several conditions arc essential to success in work- 
able in its matter. This sort of advertising cannot ing a mail order business. It must he done by 

well Ixj taught. It is a gift which can, however, be newspaper advertisement, and the advertisements 

dcvcloiied. Advantage should be taken of local should l)e terse, eloquent and convincing. Only 

events. For instance, we remember seeing in a pro- an expe.vt advertise]* can manage such a business 

vincial paper a clever announcement at the time projpH'rly. A careful record should 1^ made of the 

of the elections for the local municipal council. orders received through the various advertisements. 

A shopkeejier had a prominent space in which he Two methods are adopted to this end. When you 

asked for the support of the electors, and offered see an advertisement reading “Apply to Depart- 

“ as a solution to the many burning questions ment No. 45/’ you may be quite sure that the No. 45 

agitating the community ” his large and varied is merely a device to enable the advertiser to tnu*c 

stock of gas-fittings and incandescent mantles. from which advertising medium the order or inquiry 

Never be afraid of being unique. But there are many has come. Another plan is to vary the address 

other methods of local advertising which .arc in the advortiMcmcnt so as to enable the replies to l)o 

neglected. The hoardings, the walls of railway entered up to the credit of the paper which has 

stations, the sides of street ’buses and tramenrs induced them. Whatever plan may be ado})ted a 

ought to carry', instead of the announcements of .successful mail order advertiser must know what 

soaps, pills, and cocoas, far more advertisements business every individual advertising mediiim has 

by local traders, who are much more likely to derive brought him, and ho will wisely drop those that show 

benefit from such space than manufacturers. unremunerative returns and increase the space or the 

The trade pajwrs — and there are several appealing frequency of insertions in those that pay. Other than 

to every class of shopkeeping — contain a good deal this, he must have good long profits on the goods he 

of matter that suggests advertising ideas, and the advertises. Job lines api^eal to him, as he can often 

man who would be right up to date ^ould subscrilic dispose of these at thr(»e times cost price. I^arge profits 

for every trade paper that appeals to his depart- are essential, as iiewspaiJer and magazine adver- 

ments. The few shillings per annum that these cost tising is expensive, and this is almost the only 

is well invested money, not merely from the adver- cliannel by which business reaches the mail order 

tising point of view, but also for the general trade man. The business is all cash, and cash 1)efore 

information purveyed in every issue. delivery, hence bad debts occasion no loss and Ixiok- 

The Mail Oi^er Buaineaa. Wo have not keeping is a trifling expense. The mail order seller 

yet considered another important variety of retailing usually does a large business in a limited number 

— to wit, the mail order business. A few firms^ake of articles, hence ne can buy largely and secure 

a speciality of this method of retailing, and sJHe of exceptionally good terms. 

Oonthwed 
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By Professor HENRY ROBINSON 


j^ACHINES for raising water have been known 
* for many ages, and the invention of the 
common pump is ascribed to Ctesibiers, who was 
the teacher of the celebrated Hero of Alexandria. 

The Common Pump. The action of the 
common pump may be briefly explained as follows. 
A piston traversing a cylindrical barrel (having its 
end immersed in water) is raised, thus producing a 
vacuum between the underside of the pistonand the 
surface of the water. The atmospheric pressure on 
the external water surface causes the water to rise 
in the barrel to rojilaco the vacuum. This is the 
principle which causea water to rise in pumps. It 
will therefore be noted that atmospheric pre.ssure 
governs the height to which water can be drawn 
by a vacuum — in other words, the length of the 
suction pipe of a pump. 

The distance of the puiii]) barrel from the sur- 
face of the water (that is, the suction) varies with 
the type of piimi) employed, but for all practical pur- 
poses it docs not exce^ 25 ft. The 
delivery, however, may be carried to I 

any height. Where the spout of a I 

common bucket pump is any con- iwfPn 

sidcrable height from the topmost j 

imsitiou of the piston (as with bore- I | 

hole pumps) the term “lift-pump” ■ I 

is ^)pliod. Hai 

^ ihe Bucket Pump. The B 9 

simplest from of suction pump may BIBi 

be described by the “ bucket ” jiump 
[1 J, so commonly used by contractors ^ 5 jBjJ 

for keeping down the water in shal- 1 - — _ 

low workings and trenches. From - " — 

the illustration it will be seen that 2. FOR< 

the pump consists of a cylindrical 
barrel traversed by a piston, which is provided with 
a simple flap valve, V, which opens upwards. The 
suction end of the pump barrel is reduced in dia- 
meter and forms the suction pipe. At the beginning 
of the upward stroke of the piston tlie valve closes, 
a vacuum being formed as pre- 

t viously explain^. On the return, 
or downward, stroke, the water 
is forced through the valve on to 
the uj)per side of the piston, and 
is lifted by the following upward 
stroke to the discharge outlet. 
This completes the cycle of oper- 
ations. Wlien starting pumps of 
this description to work, a pail 
of water is first poured on to the 
valve, thus closing it, while the 
first few strokes of the piston are 
employed in removing the air in 
the suction pipe to produce the 
required vacuum. The suction 
of these pump is capable of being 
extended by i|pecially-made 
lengths which are attached to each 
otlmr, the joint being made with 


2. FORCE PtTMr 


putty or clay. The maximum 
length, however, of the suction 


1. BUCKET PUMP seldom exceeds 18 ft. 


Force Pump. In force pumps the barrel 
containing the suction valve is placed below the 
water-level [2]. With the upward stroke of the 
piston the water flows through valve V into the 
pump barrel, and the valve closes with the down- 
ward stroke, which, as the stroke descends, 
places the water under pi-essure, causing the dis- 
choi'ge valve D to open. The water contained in 
the barrel is then forced through the valve D into 
the rising main R. The altitude to which the 
watei* can be forced dej^ends on the piston pressure 
and the friction to be overcome in the rising main. 
The question of friction in pipes has been dealt with 
in Water Supply [page 4338J. 

Suction and Force Pump. This type of 
pump 1 3] (combines the suction with the force 
pump. 'I’ho upwartl stroke of the plunger P 
produces a vaoiium. which opens the suction valve 
and draws water into the pump barrel, the delivery 
valve being flosed. The downward stroke closes 
the suction valve, and the pressure 
on the enclosed water forces it 
through the now open delivery valve 
p into the rising main. The action of 

this pump is what is termed “ single- 
jW acting”; that shown in 4 is a 
“double-acting ” pump. It will be 
seen that in 4, both on the upward 
and downward stroke, suction and 
ejection are Himultanoously taking 

The following conditions should be 
- - - sjweifled when ordering a suction 
~ - and force pump for hand power : 

3 PtTMF The barrel to be of gunmetal, with 

cover, gland, and stuffing box. 

The rod to be of liard copper. 

The piston to be fitted with best oil-dressed 
leathers. 

Valves to Ijc of best gunmetal, with gunmetal 
seatings, and doors to give 
emy access to the valves. J 

The pump to be fixed ;| 

within 10 ft. of the surface 
of the water on a strong 5 

staging built into the sides |F f 

of the well. I | 

The well rods to be of • 1 

wrought iron, with roller [If I 

guides. [I 5 

The well engine gearing to : t ^ 

have two cast-iron side Pi 

frames, with stretcher bolts. 
crank shaft, flywheel, two » 

winch handles, and con- 
necting rod. > 

Suction pipe to be fitted ^ 

with a rose and foot valve. 

Delivery pipe to have an ^ ^ 

air vessel. ^ 

Diameter of suction and 
delivery pipes is usually less 8* SUCTION and 
than that of the working FORCE PUMP. SINOLK 
barrel. In lift pumps for acting 
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doop wpUr the stroke ~ about 12 in. to ^ 

15 in. ; diameter of suction pipe, etc. — t ^ 

that of working barrel. In force or )>lunger H 
])um][)8, diameter of suction pipe — that ■ 
of plunger. To obtain the workiilg ]>ower. , B 
add to the weight of the water the frictional B 

resistance of the pipes, also that due to S 

the working parts of the pump and its ^ 

gearing, usually estimated at one-third of 
the power applied. g 

Haying briefly explained the chief prin- ^ 

ciples of pumps, we sh dl proceed to deal . 
with some of the various kinds now 
manufactured ; but as this subject covers 
a very wide field, it will not bo possible 
to describe every form of pump. Tyi)icid 
examples will therefore be taken for the 
imrposes of this course. 

Chain Pumps. These pumps [7] 5. ir 

are best for rough work, such as removing 

sludge or other Hemi-lic|uid 
] material, as tliey are not 

I liable to become choked, 

i With properly d(?signed 

I I chain pumps, lifts uji to 

I « P l^^vo been obtained. 

I mJMLm Screw Pumps. Mr. 

Wilfred Airy many years 
I ago designed an Archime- 

■*1 I dean screw pump for lifting 

I || I fill ids short heights, which 

IIIiIIIIIj illustrates the great (^fli* 

'"n ciency that is obtainable 

I I from a motor which is 

I I designed to avoid loss of 

I energy from eddies or 

shocks in the translutioii 
fluid. This pump 
■■"iiwJta I consists of a rotating 

I cylinder having a central 

I core, and one or mori' 

^ spiral passages. It w'orks 

SUCTION A!^D FORCE in a frame at an angle of 
ri t MP. DOUBLE ACTING from 30 dog. to 45 deg. witli 

the horizon, and the 
velocity of rotation is about 3 ft, per second, 
measured on the i)oriphery of the cylinder. The 
lower end is placed in the water to be raised, 
and the upper end is attached to the delivery, 

An efliciency as high as 85 per cent, has |k 

been obtained by well-designed pumps 
of this description. JUr J 

Screw pumps have been used in vari- ^ W 
ous places, notably at the .ntwerp m I 
AVator Works, where two Airy screw f 
pumi)8 are now in operation. They arc •: 

42 ft. long and 3 ft. in diameter, and are # '^'1 , 
laid at an angle of 30 deg. They . f ’ - I 
are capable of delivering ui) to ; \ T 

3,500 gallons per minute. Each I 4v\i-' 

screw pump is driven by an inde- ” yy^jb 

pendent 12-hor8e-power horizontal ^ ta % ill 
engine. Besides being of high t ' 
efliciency, these pumps have the 
iidvantage of l>eing excellent water 1^-. ' ' 

meters, their delivery being prac- 1^ ' . 
tically the same j^er I’evolution at 
all R]»oeds, and at all depths of \ ^f * 
immersion on the suction side, so 
that the half-hourly returns of . 

their number of revolutions en ablest . 5 ^ 

the accurate measurement of the - 

ijuantity of water lifted to bo 
obtained. Pumps worked by water 6. Pur.aoB 
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^ pressure may often be used with great advan- 

B t<ago when there is, say, a supply of un- 

B drinkable water, at a pressure of from al>out 

B 10 lb. per square in. upwards, and it is 

B desired to pump clean winter from a well up 

B into a cistern. The pumps should be of the 

B direct-acting type, the motor cylinder and 

^ the pump barrel being all in one lino. 

W Hydraulic Ram. This machine [5] 

1 rnabrcfi the power due to a fall of water to 
R 1)0 used directly to raise a smaller 

Sp ijnnntity of water to a height 

CgBiEife^ greater than the fall. The princi- 

plu of its action is based on the 
dynamic law that the energy of any 
body in motion will Ix^ absorbed, 
Mnd consequently the body will be 
brought to rest, by any resistance 
5. HYDRAULIC RAM which opposes its motion, if such 
resistance acts through a suflicient 
distance. The machine, as ordinarily 
constructed for small volumes of 
water, is an iron box containing 
two valves called the jntlsc^ or waste, jM 

valve and the delivery valve. An 
air vessel is mounted over the ^^B^BF 
delivery valve, and the delivery pipe 
takes off from this air vessel. The B 

mass of water is provided by a pipe fl I 

of suitable length, which is placed B | 

in the tail rao<\ Through the wa'^te- ■ 

valve the water freely escapes (for JBm u 
one or two seconds) into the tail W 

race. The contents of the pipe dur* * ’ a) 

ing this time have acquired a certain « •• 1 

velocity of flow, producing a pres- I ^ V 
siue on the valve sufficient to raise * ■ 

and close it. This diverts the water ' ' ft 

on to the delivery valve, which , , ^ 

ojiens, allowing the water to flow ' H 
into the air vessel against the pres- ^ ' B 
sure therein. When the pressure of - 1 S 
the water due to the velocity has ; ^ BL 
been absorbed by the resistance of 
the pressure in the air vessel, a 

reflex action sets in, causing the 7. 

waste valve to open and the CHAIN rUMP 
^ delivery valve to close, and the 
l cycle of operations is repeated. The illustration 
H 1 5] is one of Messrs. Hayward Tyler & 

Company’s hydraulic rams, and the 
table on next page gives some 
\ 'X useful information as to their capa- 

\\ A bilitios. 

v \ The Pulsometer Pump. 

1 1 This is one of the most useful forms 
Ij • , 1 of portable pump [6]. It consists of 
T:;}a ’1 a casting composed of two cham- 

H a ‘ \ 1 bers, A A, tapering to a common 

j/ \ V neck, J, in which they terminate in 

^ a steam chamber containing a ball 

\ ^ valve, 1. The ball of this valve 
^ ^ 1 oscillates between seats formed in 

J the junction. The illustration 

1-1 sliows the ball at rest on one of 
1 the seats. The chambers are con- 
nocted with the suction passage C 
by valves, EE. A discharge cham- 
leading to the delivery pipe 
D, is provided with valves ST. 
The air chamber B communicates 
suction. 00 are guards 
tQ control the opening of the valves 
ITER PUMP EE. The pump being filled with 
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water, either by pourinc water through the plug hole ^ eating pumps can be varied without change in the 
in the her or by drawing a charge, is ready for total head pumped against; further, if the head 
work, steam, being admitted through the steam-. ‘ is reduced, the quantity delivered by the pump 
pipe K by opening the stop- valve to a small -will remain constant at a constant speed. 




extent, passes down that 
side of thi^ steam neck 
which is left open to it 
by the position of the 
steam ball, and presses 
upon the small surface 
of water in the chamber 
which is exposed to it, 
depressing it without any 
agitation, and conse- 
quently with but very 
slight condensation, and 
driving it through the 
discharge opening and 
valve into the rising main. 

The moment that the 
level of the water is as 
low as the horizontal 
orifice which leads to the 
discharge, the steam 
blows through with a certain amount of violence, 
and being brought into intimate contact with the 
water in the pipes leading to the discharge chamber. 
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CAPABILITIES OK HYDHAl LlC RAM 
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25 

4,000 
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80 
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40 
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4,000 

1,500 

2,000 

60 

8,000 

12,000 

' 4,000 

6,000 
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an instant an eons condensation takes place, and 
a vacuum is in eonseijuence formed in the just 
emptied chamber so rapidly that the steam ball is 
pulled over into the seat opposite to 
that which it had occupied during 
the emptying of the chamber, 
closing its upi^er orifice and prevent- 
ing the furtuer admission of steam, 
allowing the vacuum to be com- 
pleted ; water rushes in imme- 
diately through the suction piiie, 
lifting the inlet valve E, and rapialy 
fills the chamber A again. The 
above action now takes place in 
the second chamber, completing 
the cycle of operations. 

The adax>tability of this pump is 
well shown by 8, which depiefi a 
pulsometer pump on a floating 
raft, and supplied with steam from 
a locomotive. 

In reciprocating pumps the 
momentum necessary to deliver 
the water to the desired height ^ 
is produced by a force acting 9^^ 
directly on the plunger or piston, 
the pressure in the pump remaining the same at 
all speeds, provided the acting force Is constant. 

It therefore follows that the capacity of reciproi- before it enters the pump. 

Continued 


In centrifugal pumps, 
on the other hand, the 
water, after entering the 
pump, passes through 
the impeller, whore it has 
a velocity imparted to it 
due to the form of the 
vanes and the speed at 
which the impeller is 
running. 

Jn many cases small 
portable hand pumps are 
necessary to clear work- 
ings or trendies from 
rain-water, or to pump 
out cellars which have 
been flooded. This can 
be done by bucket pumps ; 
but considerable time may 
be si)ent in erecting them 
and changing their position. It is therefore 
better to employ some more convenient pump, 
of which there are many on the market. 

A usefVl pump for this purpose is 
made by Messrs. Duke & Ockenden, 
and is shown in 9. As will be seen 
from the illustration, the pump is fixed 
to a wheelbarrow and is provided 
with a flexible hose, so that it can 
be wheeled from place to place and 
set to work immediately. 

The leverage in an ordinary pump 
handle is about 0 to 1, and the usual 
speed at which a man works a pump 
handle or crank is 30 strokes per 
minute. To calculate (he power 
required to raise a given number of 
gallons of water to a given height, multiply the 
number of gallons per minute by 10 (1 gallon 
10 lb.) ; this gives the weight of water raised per 
minute ; then multiply by the height 
in feet, the result is the foot-pounds 
of work to be done, not allowing for 
friction. It is very important in lay- 
ing a long suction-pipe to make 8ui*c 
that it falls along its whole length 
from the pump towards the well. 
If there is any j)oint higher than 
the pump end" of the pipe, it will 
form an air-lock or trap, from 
which it may be very difficult to 
draw away the air. It is always 
desirable to have a foot valve in 
the suction pijK.' to retain tJie 
water when the pump is standing. 

In a long suction pipe there 
is often considerable concussion 
(especially with single barrel 
pumps) owing to the stoppage of 
the advancing column of water at 

each down-stroke of the pump. To 

DANPo” DIAPHRAGM PUMP avoid this, and to equalise alto- 
gether the working of the pump, 
it is desirable to place a vacuum vessel (some- 
what similar to an air vessel) on the pipe just 
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20 

The Principles of the Art and their Application. Treatment 

CATI^UlMt 

coutltiued from pHjee &7‘22 

of Poultry, Game, Fish, and the Most Familiar Joints of Meat 


By A. B. BARNARD 


A MONCi our tincoatorH carving ranked n« a fine art, 
but a skilled amateur carver is now rare, pro- 
bably through imitation of the csontinental fnanion 
of getting me carving done at a side-table and rele- 
gating the function to the butler. Yet, that skill in 
carving is highly desirable, anyone who has igno- 
miniously hod to relinquish the carving-knife will 
readily admit. Bad carving is wasteful, tends to 
spoil the flavour of the meat, destroys appetite, and 
wastes time [see Hkalth, page 3314J. On the other 
hand, it is a pleasure to watch a neat and deft carver 
as he carefully serves the wing of a fowl or shaves 
a slice of longue. A boy or girl should gain 
experience at the family table, so that he or she 
may not at some future time get into an awkward 
predicament w'hen in charge of a joint or bird. 

A good carver requires: (1) A sharp r^arviiig- 
knife of moderat-e length ; *(2) a two-pronged fork 
w'ith a guard ; (3) a steel which should be used 
for sharpening the knife before^ not after, the assem- 
bling of the diners. The dish should be conveniently 
near the carver, of ample size to avoid spattering 
and spilling gravy, and with a well at ^e end. 


Goose* Make a transverse incision do^vn from 
the breast- bone to the wing in the direction A to O 
16]. Cut fairly thick slices along eaoh side of the* 
breast in the direction A to B. A circular incision, 
B 1) reveals the stufling, which is served with a 
spoon. The wings and legs are then removed, tlu' 
latter being either cut in two at the joint, or sliced 
after being turned over. 

DucK. If the bird is small it is carved much 
like a fowl, the wings and legs being first removed, 
and the breast cut in slices in the direction A to B 
[3]. The leg is usually preferred to the wing. The 
stufling is removed with a spoon after making a 
semicircular incision C to D. A young duckling 
may be cut in halves through the breast-bone. 

Pigeon. A pigeon is cut in halves along the 
centre, tlnough the breast and backbone. In the 
case of a large bird these portions may again be 
subdivided across. Thus the four helpings consist of 
two leg portions and two wing portions. Serve with 
each some of the toast on which the bird is dished. 

GAME 

t-iniv 


(4) deftness and neatness, without apparent 
exertion ; (5) preservation of the np{)earance of a 
dish, in view of its return to table next day ; (G) 
knowledge of the anatomy of the animal or bird. 

The carver will seek to gratify the tastes of each 
]M?r8on, and where these are unknown, will give 
variety in the helj)ing, with duo regard to the amount 
of lean and fat, and distribution of the tit-hita." 

It is necessary that both dish and plates should be 
hot when hot food is being served, not merely warm. 

For carving iioultry, long-handled poultry carvers 
re needed. Their work is very 
that of meat carvers, and they must 
l)e strong, to disjoint the limbs of birds. 

POULTRY 

Roast Fowl. The fork is firmly inserted in 
the breast, and the wings arc first cutoff with a small 

{ )iece of the breast, and each served with half the 
ivor. The knife is sliptiod between the thigh and 
the body, so that the leg can be bent back and 
disjoint^, after which it is easily removed. The 
merry-thought is detached by plunging the knife in 
at D, drawing it through C, Mhind me bone, and 
forcing the latter forward. The breast is then cut 
in thin slices, in the direction A to B [1]. Only 
the carcase of the bird remains, but it supplies two 
helpings if the back is cut into two pieces across. 
The breast and wing are usually most liked. A 
boiled fowl is similarly treated. 

TurRey . First out as many thin slices as pos- 
sible from the breast, A to B [4]; next serve the 
wings, and then the legs. The merry- thou|At is 
removed in the same way as a fowl’s. The idWffing 
is found in the breast, C to D. 
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a fowl, the breast provides the best cuts. 

Partridge. This may bo treated like a 
pigeon, or like a fowl or pheasant. Another method 
is to cut the bird into thitso parts, serving a wing 
and leg on both sides, and leaving the breast for the 
third portion. Some carvers hold down the legs, 
push up the body as one would raise the lid of a box, 
and cut the breast in halves down the centre. The 
backbone is regarded as a delicacy. Blackcock and 
ptarmigan are carved according to size, like pigeons 
or fowls. 

Quails and Plovers. Being small birds, 
quails and plovers are usually serv^ whole, with 
toast on which they have been dished. 

WoodcocK and Snipe, 'a he th^h and back- 
bone of woodcock are the “ tit-bits.** The birds are 
usually out in halves down the backbone, and, if 
sufficiently large, the halves are subdivided. A 
I>iece of toast accompanies each portion. 

Hare. Slices may first be cut from the port of 
the back towards the loin, and then the legs may be 
lemoved, and the same method followed as in the 
case of the rabbit. The back pieces are most liked. 

Rabbit. A boiled or roast rabbit has the legs 
first removed, cutting along A to B [10], then the 
shoulder, cutting along C to D. The back is next 
cut up into joints, inserting the knife between them 
and using the fork as a lever. The back cuts are 
considered the best. 

Veiiiaoii. In carving a roast haunch of 
venison, the knuckle of which is ornamented with a 
imper frill, an incision is mode down to the bone 
rotmd tho leg, above the joint, so that vent is give to 
the gravy. Slices ore then out lengthways, in lightly 
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rOOD SUPPLY 

curved lines. This joint hIioiiM be carved quickly, 
ns venison fat, like that of mutton, soon chills. 

FISH « 

It will be noticed that fish l>elpng to one of two 
forms — ^flat or round. A plaice or turbot [8] may 
be taken as examples of the former, and a cod of the 
latter. Both turbot and cod are divided into two 
clear halves by the backbone and its projecting 
bones ; but in the turbot the backbone is in the 
middle, with an equal amo\mt of flesh above and 


>o B jneao ano onouiaera. uuck 

Ml lues of the shoulder tlu'ough the backbone cross- 
ways, about 1 in. thick in the direction A to B [T] : 
these may then be subdivided. Some of the sound 
and gelatinous part accompanies each plale. 

Hake. If the whole fish is boiled, it is served 
like cod. If fried, it is cut in slices 1 in. thick iK'fore 
being cooked. 

Soiled Turbot* Turbot, ]>la ice, brill, halibtif, 

--,1X1 x-k At . 

head to tail in the direction A to B [8J ; then (uit 
transverse slices, C to .D, ai^ll) to E on each side of 
the backbone. Remove the backbone by sli]>pmg 
the fish-slicc under it, and exit the underside in the 
same way. Serve portions of the gelatinous skin 
and of the thick part of the fins with em-h slice of 
the turbot. 

Sole. If the fish is a fair size it is served like 
turbot; but when small, it is cut up into transverse 
portions right through the backbone. The head 
should be cut oft and not served. 

Mackorel. When the fish is large and boiled, 
it may be cut into transverse portions, the backbone, 
head,* and tail being lifted intact. When suiall and 
broiled, it should bo divided in two through the back- 
bone, as also should the curled whiting. The tail-end 
and roe of mackerel are usually preferred. Haddock 
and gurnet are similarly treated. 

Salmon* If the whole fish is served, make a 


Carve 


cut out tranaver^ly, but parallel with the biwk- 
C to D and E to F. 

unbroken, and bt> accompanicxi by tliin transverse 
slices from the thin edge pari, cut from (5 to H. 

Fela* Tlio natural and easy way to treat cels 
is to cut them up in sectibns before cooking. 

MEAT 

With few exceptions, meat should be cut across 
the fibre. It is thus far more easily masticated 
and tastes better. The carver should remember 
that a joint may have to reappear on the table cold, 
and it should therefore be kept neat, and not spoilt' 
by careless treatment. A hacked, ragged remnant 
of a joint is not merely unsightly but unappetising. 

Roast Sirloin of Boef. There are two 
methods of attaekinj^ a sirloin of boef ; one is to carve 
the long toj) slices first parallel with the long bone 
in the direction B to A [H], the other to carve the 
undercut or fillet first in transverse slices about 
I in. thick in the direction A to B 1 16]. The jOder< 
cut is the most juicy and tender part, amMiany 

Catering concluded ; 


people prefer to carve it hot, and reserve the upper 
|)art to be eaten cold with horseradish sauce. Carv- 
ing the upper side is facilitated by first severing 
the meat from the end bone. 

Round of Boof. The outside irregular slice 
is cut oft the round of beef, and also off the boiled 
silverside of beef, in order to get an even surface ; 
then thin slices are cut horizontally in the direction 
C to B [22]. A thin, sharp knife and a fork witli 
a strong guard are required. 

Roast Ribs of Beef. The ribs arc carved 


most meat being cut first in a transverse direction, 
B to A [17], then slices cut lengthways along the 
shoulder-blade, C to D, and a few from the under- 
side, E to F. When the shoulder is turned over the 
remaining meaty portions arc apparent with a cap 
about E to F, where the slices were cut on the other 
aide [18]. Round slices are cut from A to B, then 
slices from C to J) ; a few knuckle slices will then 
alone remain. 

lilt; iiiBi/ mujMiujji ^luiusH iiiu uuuiit- ui mu ii’^ iiuvvit 

to the bone in the direction A to B and slices cul 
about J in. towards or away from the knuckle, 
according to taste, thongh the knuckle end is better 
eaten hot than cold. The upper end has some criM]» 
fat, which is regarded as a “ tit-bit.” 

Leg of lamb is cut in the same way. 

Saddle of Mutton. Saddle of mutton, whidi 
is really a double loin, is best cut the length of tlu' 
joint, a long cut bong made from A to B down to 
the bone [20] : then long slices are carved parallel 
with ibis fi*om E to F. These slices are then sub- 
divided before serving. Fat will bt) found in the 
direction to H. The joint may also be carved 
obliquely, as in 21, after making the incision A to B, 
ns in 20, and parallel cuts C to B. Slices are then 
cut obliquely, as shown. 

LrOtn of Mutton. This joint presents no 
trouble to the carver, provided it has been properly 

ioinff^rl inf if ia mif f rRTiHvi^rttpl v intO chopS lu lllO 


the 


of (Tackling. Sage and 
panics the joint. 

Forequarter of Lamb* The shoulder is 
first separated from the breast by cutting round 
from points A to B [IS]. The shoulder is then raised 
and placed on another dish, either it or the brisket, 
ns the breast of the lamb is called, being reserved 
to be eatei;L cold ; the shoulder is then carved lik(‘ 
roast shoulder of mutton [ 17]. 

Boiled Ham. The middle of the ham has the 
best slices exit in the direction A to B [19], right 
down to the bone. It is more economical to begin 
Aearer the knuckle and to cut the slices in a slanting 
direction, so that a fair amount of fat accompanies 
each one. 

Mutton, lamb, and ^xork may be cut in thicker 
slices than beef, veal, ham and tongue, and boiled 
beef thinner than roast. 
foUowed by Brewing 
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DICTIONARY OF MENU TERMS 

See pages 128-7 and 1056 for system of phonetic pronunciation. 


k LA (ah-lah) — In the style or fashion ; 
M d la Mutse, in the Kussian 
fasliion. 

Abatis (aba-tee) — Giblets. 

Abrioots (ab-ree-koh) — Apricots. 

Aaneau (i-nyoh)— Lamb. 

All (i)— Garlic. 

Aloyau de beaut (aloy-yo-d6-b6f)— Sir- 
loin of beef. 

Amandes (am-ongd)— Almonds. 

Ananas (an-ah-nah) — Pineapple. 

Anohols (ong-shwa) — Anchovy. 

Andouillettes (onof-dwee-yet)— Force- 
meat balls. 

Anguilles (ong-gwee)— Eels. 

Appdtlsans (ap-pay-tee-zong)— Small 
savouries served between the courses 
of dinner or before it. 

Artichauts(ahr-tee-shoh)— Artichokes. 

Aspepges (as-perj) — Asparagus. 


Aspic (as-pik)— Savoury transparent 
iellv used for garnishing or moulding 
cold poultry, fish, etc. 

Assiettes (as-syets)— Small entries or 
hors-d'oeuvres served on a plate, 
such as biscuits, fruit, etc. 

Avclincs (av-lcen) — ^I’ilberts. 

BAIN-MARIE (bano - ma - ree)— An 
open saucepan or kettle of boiling 
water in which other utensils are 
placed to warm or cook the contents. 

Barbe de capuein (bahrb-de-capu- 
sang) — Chicory. 

Bapbue (bahr-bii)--Brlll. 

Battepie de culslne(bat-tree-d6-kwee- 
zeen) — ^Set of cooking apparatus. 

Bavapolse au ohooolat (ba-vahr-waz- 
oh-shdk-oh-lah) — Chocolate cream. 

Bficasse (boh-kas) — Woodcock. 

B6cassine (beh-kas-een) — Snipe. 

Bdchamel (behsh-mel)— French white 
sauce. 

Bel^ets (beh-nyeh) — Fritters. 

Bettepave (bet-trahv) — Beetroot. 

Beuppe (b66r) — Butter. 

Beuppde (becr-eh) — Slice of bread and 
butter. 

Bibpe (bee-air) — Beer. 

Bifteck (bif-tek) — Beefat-eak. 

Bisque (beesk) — Soup made of shell- 
tlBll. 

Blanchailles (blong-sliai)— 'Whitebait. 

Blanchip (blong-alieer) — To whiten 
vegetables, fruit, or poultry, etc., by 
plunging them into boiling water, and 
tlten placing them in cold. 

Bosuf (bef)— Beef. 

Bonbons (bong-bon^) — Sweets. 

Bouchee (bdo-sheh ) —Mouthful. 

Bouchdes d’ homapd (buO - shell 
doh-mahr) — Lobster patties. 

Bouillabaisse (bwee-ya-behs)— Fish 

soup or stew. 

Bouille (b66-ye) — Boiled meat. 

Bouillle . (boo-ye-ee )— Hasty pudding. 

Bouillip (bdo-yeer) — To boil. 

Bouillon (boo-oe vong^ — Broth, stock. 

Boulettes (b66-let) — ^F'orcemeat balls. 

Bouteille (b66-tl) — Bottle; as ftow- 
ttfille de vin, bottle of wine. 

Bpaisep (breh-zeh)— Tostew meat in a 
braisi()re or pan*. 

Bpalsibpe (breh-zyairl — A pan made 
with a ledged lid to hold live coals. 

Bpidep (bree-deh) — To thread together 
the limbs of poultry, game. etc. 

Bpoche, k la (ah-lah-brosh) — On the 
spit. 

Bpugnons (brii-nyong) — Nectarines. 

OABILLAUD (ka-bee-yoh)— Cod. 

Cacao (kah-kah-oh) — Cocoa. 

Cafd (kaf-eh) — C*offee ; as ca/S au lait, 
coffee with milk ; caf6 noir^ black 
coffee. 

Callles (ki) — Qualls; as caiUe4 iur 
oanapiSf quails on toast. 

Canapd (kan-ahr)— Duck. 

Caneton (kan-tong)— Duckling. 

Cannelle (kan-el) — Cinnamon. 

Capilotade (kap-ee-loh-tahd)— Poultry 
hash. 

CAppes (kahpr)— Capers. 


Capueine (kap-ff seen)— Nasturtium. 

Capamel (kah-rah-mel) — Burnt sugar 
used to colour or flavour. 

Capte, h la (ah-lah-kahrt) — A menu 
with each item priced, contrasted 
^with table d'hdte. 

Cappd (kali-reh) — Neck ; as carri de 
mauton, neck of mutton. 

Cappelet (kahr-leh) — ^Flounder. 

Cassepole (kas-rol) — Stewpan; game 
or meat d la eaeserole is cooked in a 
stewpan or marmite in which it may 
appear at table. 

Cfllepi (seh-l€-ree) — Celery. 

Cbps (sehp) — A kind of mushroom. 

Coplses (seh-rees) — Cherries. 

Champigmons (shang-pee-nyong) — 
Button mushrooms. 

Chapcutepie (shahr-ktt-tree)— Pork- 
butcher's meat. 

ChAteaubPland (shah-toh-bree-yong) 
—Grilled flllet of beef. 

Chaudfboid (shoh-frwah) — A dressed 
cold dish. 

Chioopfle (shee-koh-reh) — Endive. 

Chou (8h66) — Cabbage. 

Chou de mapln (shdd-de-ma-rang) 
— Seakale. 

Choufleup (sh66-fl6r) — Cauliflower. 

Chou pouge (8h66-r66j)— Red cabbage. 

Choux de Bpuxelles (shod-de-brdd-sel) 
— Brussels sprouts. 

Choux vepts (shoo-vehr) — Greens. 

Citpon (see-trong) — Lemon. 

Civet de llbvpe (siv-eh-dO-lee-chvr) — 
Jugged hare. 

Cochon de lait (kosh-ong-dii-leh)— 
Sucking pig. 

Coffnao (kol-nyak) — Brandy. 

Compdte (kom-poht) — Stew (fish or 
fruit) ; as eotnpdtee d'orangee, 
stewed oranges. 

Concombpe (kung-koinbr) — Cucumber. 

Confltupe (kong-fee-tiir) — Preserve, 
jam 

Consepve (kong-sairv)— Presen'e. 

Con sommd ( kong - som - meh ) — Clear 
soup. 

Coquflles (kok-ee) — Cooked fish or 
meat served in shells. 

Copnichon (kor-nee-shong) — Gherkin. 

Cdtelettes (kot-let) — Cutlets, chops. 

CoQ de bpuybpe (kok-de-brii-yafr) — 
(irouse, blackcock. 

Coulis (koo-lee) — Rich brown gravy 
used to flavour, thicken, or colour 
soup. 

Coupge (kddrj) — Vegetable marrow. 

Cpabe (krab) — Crab. 

Cpapaudine, h la (ah-lah-kra-pi>h-<ieen) 
— Spatchcocked, spread like a frog. 

Cpeme (krehm) — Cream, custard ; as 
cf&me d la vanilk glads, vanilla ice 
cream ; crime au cafi glade, coffee 
ice cream. 

Cpeme capamel (krehm-kah-rah-mcl) 
— Custard flavoured with burnt 
sugar. 

Cp6pe (krehp) — Pancake. 

Cpevettes (ln:ev-et) — Prawns, shrimps. 

Cpomesquls (kroms-keos) — Dice of 
chicken, game, etc., wrapped in 
udder of veal or bacon and fried. 

Cpesaon (kres-ong) — Cress, watercress. 

Cpoquette (krok-et) — Ball of potatoes, 
fried rice, etc. 

CpoOte-au-pot (kr66-toh-poh) — Clear 
vegetable soup with crofltons. 

Crodtons (kroo-tong) — Sippets of fried 
bread. 

DEJEUNER (deh-jUn-eh)— Breakfast ; 
aadijeunar d la fourchette, meat break- 
fast or luncheon. 

Dessept (des-sehr)— Dessert. 

Diablo, k la (aJi-lah-dee-abl) — Devilled ; 
as dtnde griki d la diable, devilled 
turkey. 

Dindon (dang-dong) — Turkey. 

Dindonneau (dang-don-noh) — Turkey 
poult. 


EAU (oh)— Water. 

fechalote (eh-shah-lot) — Shallot. 

Eopovisse (eh-kree-vees)— Crayfish. 

fegrlefln (eh-gl-fang) — Haddocks. 

Emincd (eh-mang-seh)— Mince. 

Entpoes (ong-trey) — Made dishes. 

Entpomets (ontr-meh)— Side dishes 
served with the second course. 

EntPomets sucpds (oug-trmeh-sU- 

, kreh) — Sweets. 

Epaule (eh - pohl) — Shoulder ; as 
ipaule de meuton, shoulder of 

, mutton. 

Epoplans (eh-pCr-lang)— Smelts. 

Epiee (eh-pees) — Spice. 

Eplnapd (eh-pee-nahr) — Spinach; as 
ipinarde d la Colbert, spinach and 
poached eggs. 

Escalopes (es-kah-lop) — Collops ; 
small beaten pieces of meat or fish. 

Escapgots (es-kahr-goh)— Snails. 

FAI8AN (feh-zong) — Pheasant. 

Fapce (fahrs) — Stuffing or forcemeat. 

Fausse toptue (fohs-tor-tU) — Mock 
turtle soup. 

Feuilletage (fe-ye-talij) — Puff paste. 

Fdves (fehv) — Beans ; as fivee de 
maraie, broad beans. 

Flffues (feeg)— Figs. 

FlagreolOls (flaj-oh-leh)— Young hari- 
cot beans. 

Flan (flang) — A sort of custard cheese- 
cake. 

Foio (fwah) — Liver ; as /ots de veau 
au lard, calf’s liver and bacon. 

Fondu (fong-dti)— Melted ; as hturrt 
fondu, melted butter. 

Foup (f66r) — Oven. 

Foupnltupo, de la (dfi-lah-fddr-nee-tiir) 
— Sweet herbs for a salad. 

Fpaises (frehz) — Strawberries. 

Fpangipane (frang-Jee-pahn) — Cheese- 
cake. 

Fpomagre (froh-mahj) — Cheese. 

Fpombolses (from - bwahz)— Rasp- 
berries. 

Fricassde (frlk-ah-see) — White stew of 
chicken, fish or game. 

Frit (free) — Fried. 

Fpltupe (frec-tiir) — Small fried fish. 

Fpult (frwee)— Fruit. 

GALANTINE (ga-lang-teen) — Cold 
meat, flsh or game garnished with 
aspic jelly. 

Galette (gal-et) — Buttered roll, cake. 

GAteau (ga-toh)— Cake ; also a pud- 
ding and a kind of tart. 

Gelde (jel-eh) — Jelly; os gelie d la 
crime jelly with whipped 

cream ; gelii d la Rueee au citron, 
lemon sponge. 

Gibiep (jib-yeh)— Game. 

Gigrot (jee-goh) — Leg of mutton. 

Glngembpe (jang-join-br) — Ginger. 

Glace (glalis)— Ice. 

GlaoeP (glah-Bch) — To glaze ; to ice. 

Glaze (glahz) — Stock boiled to a jelly, 
used for garnishing. 

Gpas double aux oigrnons (grah- 
dMbl - oh - zoi - nyong) — Tripe and 
onions. 

Gratin, au (oh-gra-tang) — With grated 
cheese. 

Gpenouilles (gren-wee)— Frogs. 

Gpiller (gree-yeh)— To broil ; to grill. 

Gposellles (groh-zi) — Currants. 

Groseilles A maquepeau (groh-zi- 
zah-mak-roh) —Gooseberries. 

HAOHI8 (hash-ee)— Hash. 

HapenffS (hah-rang)— Herrings. 

Hapioots blancs (hah-roe-koh-blong) 
— White beans. 

Hapicots d’Espagne (hah-rec-koh- 
des-pin) — Scarlet runners. 

Hapicots vepts (hah-ree-koh-vehr)— 
French beans. 

Hopbe sbche (erb-sehsh) — Dry herb ; 
de pelUei hertut, sweet herbs for a 
salad* 
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Homard (hom-ahr)— Lobster. 
Hops'd'oeuvpes (or devr)— Small dishes 
served before the soup. 

Huile (weel)— Oil. 

Hiiitres '(weetr) — Oysters. 

JAMMN (jam-bonffl—Ham. 

Julienne (jii>lyen) — -Vegetable soup. 

Jus de viande (Jli-d€-vee-on(yd)— 
Gravy. 

KAMI (ka-ree) — Curry. 

LAIT (leli)->Milk. 

Laitanoe (leh-tougs) — Roe. 

Laltue (leh-tU)— Lettuce. 

Laltue pommd (lch-tU-i)om-ineh) 
Cabbage lettuce. 

Lanffouste (lang-gOost) — Crawhsh. 

Langrue (long [hard g]) — Tongue. 

Lapereau (lap-rohj — Young rabbit. 

Lapin (lap-ai^) — Rabbit. 

Lard (lahr) — Bacon. 

Lesrumes (leh-gUm) — Vegetables. 

Lievre (lee*ehvr) — Hare, as li^xte d la 
DauJbCt jugged hare. 

Longre (longj) — Loin ; as longe de veati, 
loin of veal. 

MACEDOINE (mah - sell - dwahn)— 
Vegetables or fruit mixed for a garn- 
ish or compAte; as macilcine de 
fruits rafraiehii, mixed iceci fruits. 

Maohe (mahsh) — Com salad. 

Maigrre (mehgr) — Broth, gravy or soup 
made without meat. 

Maitre d’hdtel, a la (ah-lah-mehtr-doh- 
tel) — Served with parsley butter. 

Maquereau (ma-kroh) — Mackerel. 

Marinade (ma-ree-nahd) — Rickie. 

Marind (ma-ree neh) — Pickled ; as 
oignona maninis^ pickled onions. 

Marrons (mahr-ronj/) — Chestnuts. 

Matelote (mat-lot) — Fish stew made 
with wine or cider. 

Mayonnaise (meii-yon-elu) — Salad 
dressing or cold sauce of eggs, oil, 
etc. 

Mdlasse ((meh-lahsl—Treaclc. 

Menu (me-ntt) — Bill of fare. 

Meringrue (mC-rang) — Icing of beaten 
whites of eggs and sugar. 

Merlan (mcr - lan«r) — Whiting ; as 
mertan au gtalin^ baked M'hiting. 

Merluche (mer-ltlsh)— Smoked had- 
dock. 

Mlrotons (meer-oh-forig) — Slices of 
meat larger than coilops. 

Morue (mo-rli) — Salt cod. 

Monies (mool) — Mussels. 

Mouton (inAo-tong) — Mutton. 

Mousse (mOOs) — Frothy ice-cream. 

Mdres (miir) — Mulberries. 

NATUREL, Au (oh-na-tU-rel)-Plainly 
cooked, such as boiled in water. 

Navels (nav-eh)— Turnips. 

Noir (nwahr)— Black, burned ; as 

beurre noir, browned butter. 

Noisettes (nwah-zet) —Nuts. 

Noix (nwah) — Nuts, walnuts. 

Nougat (nOfi-gah) — Sweetmeat made 
of almonds. 

CEUPS A LA OOQUE (Cf-zah-lah-kAk) 
— Soft boiled eggs. 

(Eufs brouillds (Cf * brwee - yeh) — 
Mumbled (scrambled) eggs. 

(Eufs fPIts au Jambon (ef-free-r.oh- 
Jang-bong) — Fried ham and eggs. 

(Eufs pochds (ef-posh-eh) — Poached 

(Eu^^sup le plat (ef • sUr - 1C • plah)— 
Fried eggs. 

Ole (wa) — Goose. 

Oignons (ol-nyong)— Onions. 

Omelette (om-let) — Omelet ; as ome- 
UtU aux oonfUurM, jam omelet; 
ameleUe aux fines herhes^ omelet with 
finely - chopped herbs ; omelette 
oucrie, sweet omelet. 

Opge (orj)— Barley 


Oseille (oh-rl)— Sorrel. 

PAIN (pang) — Bread ; as peijt paint 
or TMin molkit roll. 

Pain Dis G)ang-bec88)— Brown bread. 

Pain de mment (pang de-froh-mong) 
— White (wheaten) bread. 

Pain d*6pioes (pang-deh-pees) — 
Gingerbread. 

Pain de seigle (pang-d^-sehgl) — 
Brown bread. 

Pain rassis (pang-rah-see) — Stale 
bread. 

Pain tendre (pang - tongdr) — New 
bread. 

Panais (pan-eh) — Parsnips. 

Paner (pan-eh) — To cover meat, etc., 
with fine breadcrumbs before cook- 
ing. 

Papillotes (papee-yot) — Paper cases; 
as rougets en papilMeSy red mullet 
in paper cases. 

Parmentiep (pahr-mong-tyeh) — Po- 
tato soup (thick). 

PAtd (pat-eh)— Pie ; as pdti. de volatile 
chicken pie. 

PAt6 de foie gras (pat-ch-dc-fwa- 
grah) — Goose liver paste. 

Patisserie (pa-tls-ree) — Pastry. 

Pdches (pehsh) — Peaches. 

Pdches E la Cardinal (pehsh-zah-Iah- 
kahr-dee-ual) — Split peaches with 
raspberry syrup. 

Perdrix (palr-dree)— Partridge. 

Persil (nafr-see) — Parsley. 

Petits fours (ptee-foor) — Small fancy 
cakes. 

Pideede resistance (nee-ehs-dc-reh- 
zees-tangs) — Principal dish of the 
dinner. 

Piece montde (pee-elis-mong-teh) — 
Decorated dish. 

Pieds (pec-ch) — ^Feet; aspiedsdeveauxt 

Pigeons (pee-jong) — Pigeons ; as 
pigeon* en eompdte, stewed pigeons. 

Piqud (pee-keh) — Larded with strips of 
fat bacon. 

Pluvier (plii-vyeb) — Plover. 

Poireau (pwah-roh) — Leek. 

Polres (pwahr) — Pears ; as compete de 
poires, steamed pears. 

Pols (pwah) — Peas ; as pois carrSs, 
marrow-fat peas ; pois cassis, split 
peas ; petits pois, green peas. 

Poisson (pwah-Bong) — Fish. 

Pol trine (pwah-treen) — Breast. 

Pommes (pom) — Apples. 

Pommes de terre <pom-d6-tair)— 
Potatoes. 

Pore (por) — Pork. 

Pot au feu (pot-oh-fe) — Broth and 
Imiled meat. 

Potage (pot - ahj) — Soup ; as potage 
fausse tortue, mock turtle soup. 

Pouding (p6o - dang) — Pudding ; as 
ponding de gro$e%Ue$ noire, black- 
currant pudding ; ponding au citron, 
lemon pudding ; ponding de Noel, 
Christmas pudding ; ponding de 
pommes, apple pudding. 

Poulet (pM-leh)— Fowl. 

Poussins en casserole (pAO-sang-zong- 
kas-rohl) — Young chicken stewed 
in a pan. 

Prix-flxe, a (ah-pree-flx)— A meal at 
fixed charges. 

Pruneaux (prtt-noh) — Prunes. 

Prunes (prlln) — Plums. 

Prunes ae damas (prUn-de-dam-ah)— 
Damsons. 

Purde (pii-reh) — Thick soup made from 
vegetables or meat boiled to a pulp. 

QUEUE DE B€SUP (kA-ee-dC-bAf)— 
Ox-tall soup. 

Quenelles (kwen-el) — French force- 
meat balls. 

RADIS (ra-dee)— Radish. 

Ragofit (ra-gOd)— Hash or stew. 

Rale (reh) —Skate. 


Raifort (reh-for)— Horseradish. 
Raisins (reh-zang)— Grapes. 

Raisins deCorlnthe (reh-zang de 
kor-int) — Currants. 

Raisins sees (reh-zang-sek) — Raisins. 
RdehauffR (reh-shoh-feh) — A dish 
warmed up. 

Reine (rehn) — Chicken broth. 
Reine*-claude (rehn - clohd) — Green- 
gage. 

Remoulaide (re-mdd-lahd) — Salad 
dressing. 

Rhubarbe (rU-bahrb) — Rhubarb. 

Ris de veau (ree-de-voh ) — Sweetbread. 
Rissoles (ris-sol) — Puff paste filled 
with fish, meat, etc., and fried. 

Riz (ree)— Rice. 

Rognons (rol-nyong) — Kidneys. 

Rdti (roh-tee) — Roast; as oit rdtie, 
roast goose. 

Rdtie (roh-tee) — Toast; as rdtie an 
heurre, buttered toast. 

Rdts (rob) — Roasts. 

Rouelle (rdo-ol) — Fillet ; as rouelle de 
veau, fillet of veal. 

Rougets en piypillotes (roo-jeb-zong- 
pa-pee-yot) — Red mullet baked in 
cases of oiled paper. 

8ALE (sa-leh) — Balt; as beurre said, 
salt batter. 

Salmis (sal-mee) — Ragout or stew of 

S ame. 

slfls (sal-see-fee) — Salsify. 

Sauce (soils) — Sauce ; as sauce pi^ 
guante, sharp (pungent or acid) 
sauce ; sauce au heurre, melted 
butter. 

Saucisse (soh-seess) — Sausage. 
Sauoisson (soh-see-song) — German 
sausage 

Sauge (Bohj)— Sage. 

Saumon (soh-mong) — Salmon. 

Saute (soh-teh) — Fried in a saucepan 
kept moving. 

Sauvage (soh-vahj) — Wild. 

Sel (sd) — Salt. 

Selle (sel) — Saddle; as seUt d' agmati, 
saddle of lamb. 

Soles (sol) — Soles. 

Souffle (soA-fleh) — Sweet, light pudding 
made with whipped white of egg ; 
also savouries of fish, fowl or game. 
Sucre (Biikr)— Sugar. 

TABLE D’HbTE (tahbi-doht) — A 
meal at inclusive charges. 

Tarte (tahrt) — Tart ; us tarte aux 
{de\ pommes, apple tart. 

Tartine (talir-teen) — Slice of bread. 
Tartlne de beurre (tahr-teen-de-bcr) 
— Slice of bread and butter. 

Terrine de crevettes (tc-recn-de-krc- 
vet) — Potted shrimps. 

Tdte (teht)— Head. 

The (teh)— Tea. 

Thym (tang) — Thyme. 

Timbale (tam-bahl) — Border of pastry, 
macaroni^ or crust filled with meat or 
game. 

Tomates (toh-msdit) — Tomatoes. 
Topinambours (top - ee - nam - bAAr)— 
Jerusalem artichokes. 

Tortue (tor-til) — Turtle soup. 
Tournedos de boBuf (toorn-doh-de- 
bef)— Small fillets of beef served on 
fried croOtons. 

Tourte (toort) — Fruit pie; ex tourte 
aux ide) pommes. apple pie. 

TouPbot (tAAr-boh) — Turbot. 

Tranche (trongsh)— Slice. 

TVufTes (triif) — Truffles. 

Truite saumonde (trwoet soh-mob- 
neh)— Salmon trout. 

VEAU (voh)— Veal. 

Venaison (ven-eh-zong) — Venison. 
Viande (vee-ongd)— Meat. 

Vin (vang)— Wine. 

Vol au vent (vol-oh-vong)— Puff paste 
crust, enclosing meat, fish, fowl or 
fruit. 

Volallle (vol-i)— Poultry. 
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round inside the bonnet, to keep it quite neat 
inside. Out a strip of silk on the cross about 6 in. 
through. Fold this in half and lightly run a 
ruching of silk or chiffon, or a frill of Valenciennes 
lace, on the double edge. Mark the centre and 
slope the ends to in. Pleat this frill in box- 
pleata round the front of bonnet, keep- 
ing most of the fulness to the top, and 
finish it off with narrow ruching all 
roimd the bonnet. The strings may 
then be sewn on. 

Baby Boy's Hat* For the founda- 
tion of a hat suitable for a baby boy ^ 

make a band the size of the child’s head man-of- 
in double book muslin or net. Cut a 

circle, 14 in. to 18 in. in diameter, 

of the material, interlining it, V " ' 

and use sarcenet for head -lining. V.- " r r :: 
Gather it round the edge and \ 
sew to band. Trim with a niche \ 

of lace or ribbon round band, V- 

a rosette, quill, or pompon. 

Slip-stitch the head-lining round y - - - 

band. Finish with lace cap- 

front, and strings. 186 . si] 

These hats can also be made 


186. SILK 


it in the bonnet. Cover the coronet with the 
material and face it inside with silk. Slip-stitch 
the edge of the coronet to the edge of bonnet, 
and make a quilling of lace, chiffon, or ribbon 
and sew on front. 

Trim the coronet with hand embroidery, lace, 
appliques, or edge it with fur or kilted 
ribbon. Another pretty method is to 
cover the coronet with gathered or 
gauged silk or chiffon, or with velvet or 
velveteen, hand embroidered. 

Instead of coronets, a very full ac- 
* cordion-pleated silk material, cut on 

-WAR cross, doubled and lined, and cut 

^ narrower at the ears, or gathered or box- 

pleated, may bo made and sewn 

front of bonnet. With a 
: I. 1 I ~ very full front it looks better 
\ to have the back fancifully 

\ draped or gauged. 

- 1 : -V-- Boy’a Man-of-War Hat. 

“ 7 naeasurement required 

^ boy’s man-of-war hat is 

the size of the head. Half a 

FRILLS yard of double- width material 

will make two hats. The other 


with full crowns, and box-pleated silk or ribbon 
about 5 in. wide, edged with swansdown, can be 
ust^d for brim. For trimming, turn up the brim 
from the face, holding it in place with pompon or 
rosette. 

For older boys white felt hats with dome or 
square crowns are suitable [182]. Line the brim 
with gauged silk or chiffon, or only the edge can 
be trimmed with gauged tucked silk, about 1^ in. 
wide on either side when finished. Place a 


materials needed are buckram, 1} yards of 
ribbon, canvas, wadding, J yard sarcenet or 
satin [185]. 

Cut two circles 10 in. to 12 in. in diameter 
in material, muslin, and lining. 

Make a band 1 in. to 1| in. wide of buckram or 
double canvas, or of linen for washing hats, and 
in length 1 in. longer than head size. Join and 
,wire top and bottom. Mull and cover with 
material. 


ribbon ruche round crown and finish with tips 
(coming over brim in front, where it is caught to 
the crown), a rosetU? of soft silk, strings, and cajj- 
front. 

Small polo caps [184] covered in bengaline, 
and simply trimmed with a large soft silk rosette 
on one side, arc also much worn. 

Dutch Bonnet. Little Dutch or Puritan 
bonnets are suitable for little girls of from two 
to four years of age [1,83]. These have generally a 
coronet, of which there are a great variety of 
shapes [49, 50, page 4767]. 

C?ut the pattern in buckram, without turnings. 
Wire rouna the back part, leaving 1 in. at each 
side. Wire-stitch the front on to the back, and 
then wire all round the bonnet, nipping over 
the 1 in. left at each side and overlapping 
the wire for 2 in. at the centre-back. 

Mull all the edges and wire and mull the coronet, 
which is covered before it is sewn to the bonnet, 
in the same way. 

Covering the Shape. To cover the 
shape place the material with the front to 
the cross, allowing j in. turnings all round. 
Cover the back part of bonnet first, fitting it 
carefully and sewing the turnings to the front 
of the bonnet. 

Fit the front part, turn in the edge at back, 
and fit it tightly round the edge of the shape. 
Catch-stitch the turning on the inside^f the 
buckram in front. Then cut tlie liiHng the 
same shape as pattern, make up and slip-stitch 


Having finished the foundation, place two 
pieces of material with the right sides facing each 
other. Take two circles of canvas, each padded 
with a layer of wadding ; tack the head- lining over 
each circle, and quilt with the machine, each 
]^ce in one direction only. 

Place one piece of canvas and lining above, 
and one below. Mark the size of the head-line. 
Cut out carefully, allowing J in. turning beyond 
the head-line, one piece of lining, one of canvas, 
and one of material. 

Machine-stitch round outer edge, which can be 
first corded by placing a crossway piece of 
material with cord tacked in ; place this between 
the two edges of the material, with the turning to 
the outside, the cord towards the centre. Keep it 
in a good shape while doing the outside edge. 

The band is made of a strip of buckram, 1 in. 
to IJ in. wide, and, in length, the size of head, 
plus 1 in. for turning. Join in a round, and 
wire top and bottom. Mull and cover with cloth. 
Sew the crown to band, and lino the band neatly, 
or machine carefully just above and below the 
wire of band. 

Trim the hat with the ribbon, which usually 
has the name of a man-of-war stamped on in 
gilt letters. 

A washable man-of-war hat is made in the 
same way. White drill, piqu^, or bengaline is 
used, and white canvas or linen used for inter- 
lining. The band should not be wired, but made 
of double canvas, covered with drill, cut twice 
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the width of the band, plus } in. turnings. Place 
the canvas between, tack and turn in the ^ in. 
turning. Place the crown between, tack and 
maChine-stitch crown to band. 

In bengaline or any other white material 
which can be dry cleaned, the band may be made 
as in the first method di^cribed. 

Boy*n Tam ■ o* - shanter. The only 
measurement required for this is the size of head. 
The materials required are buckram, J yd. each 
of cloth, muslin, and lining. 

Cut circles 14 in. to 18 in. in diameter in 
material, muslin and lining. Make the band in 
buckram, IJ in. wide, joined in a round, wired 
top and bottom, and mulled. 

Pleat on muslin lining, boxpleat centre-front, 
back and sides, with the remainder of fulness in 
small pleats between, and pleat or gather the 
material to it. Mark the halves and quarters, 
and run in the edge three or four rows of gathers. 
Line the band, and trim it with ribbon, rosettes, 
quills, or tip. 

The eleuatic for boys* hats must not be 
forgotten. 

Girls’ Liberty Hats. Liberty hats are 
made of Liberty or Japanese silk. A fair sized 
hat, with frills at exige, will take from 2J yd. of 
36-in. -wide silk. They are exceedingly pretty 
made in white for young girls’ wear. For 
adults, these gathered and drawn hats can be 
made in net, plain or spotted, chiffon, and in a 
variety of other materials. 

They take 2i yd. to 3J yd. of 
36-in. -wide silk, a ring of strong 
white support wire, and one reel 
of strong machine silk (the J oz. 
reels are the best), buckram for 
head-band, stiff muslin or net 
for tho crown, and sarcenet for 
the head-lining. 

The measurements required 
are the size round head, and, if 
possible, the diameter of a large 
hat that suits the girl for whom 
it is intended. 

The width of the brim will be 
according to the size of the 
head — tho larger the head-line, 
the wider the brim. Little girls 
have the brim the same size all 
round. Older girls have the 
brims made slightly narrower at 
the back. • 

Preparation of SilK for 
Brim. The silk may either bo 
cut on the cross, or straight. 

The first is better when frills are 
required at the edge ; the latter 
when more than one hat is to be 
cut from one length o^ silk. Silk 
on tho straight is also easier to manipulate and 
join. The length will be two and a half times 
the circumference of hat. 

To allow of its being made up double, cut the 
silk twice the width of the brim. Allow A in. 
extra for each tuck, and double the width of 
each frill at the edge. Join it in a round and 
press all the seams in one direction, Mark 


the half and quarters. Fold in half and tack 
the raw edges together. 

Mark with lillikins the width of frill, 1 in. to 
2 in. round edge. If a double frill is required at 
the edge, pin and tack. Mark \ in. away from 
first marking — this will be for the first casing. 

The space between the two lines of running 
must be just wide enough to allow the wire to pass 
through double at its end [186]. If made wider, the 
gatherings will not look well when drawn up. If 
made narrower, tho wire doubled at the end will 
not pass through, and it will give a great deal of 
trouble to finish off. Mark the remainder of 
brim, leaving I in. to in. plain between each 
casing. The last casing must be about 1 in. 
from head-line. Thread the not?dlo with strong 
machine silk, using it from the reel, as it is less 
likely to get knotted or broken, and fly-run the 
whole length, beginning from the back. 

Pull the silk out to its full length before cutting 
the twist. Fly-run the other casings in the 
same way. 

Wiring the Brim, To wire the brim, cut 
off the wire for head-line, plus 2 in. for wrapping. 
Allow plenty of wire for each casing, and 10 in. 
extra in length for each I in. space left between 
the casings. Bend round the wire J in. at end, 
and bind it with cotton to prevent the silk 
filament from slipping. Then, from tho back, 
make a little cut in the silk, or undo a few stitches 
in the seam. Push in for a few inches each wire 
as it is cut off, to prevent the 
different lengths from getting 
mixed. Push in tho wires, all at 
the same time, in tho direction the 
seams have been pressed. 

Join the head-wire first, over- 
lapping the wire for 2 in. Stitch 
through the silk and loop of wire 
on the underside of brim with 
strong cotton. Draw some fulness 
over the wire before joining. Draw 
up each wire in turn, and stretch 
the silk quite tight between the 
wires. Draw up tho twist on each 
side of the wire and fasten off 
securely. 

Brims may be made fuller- 
looking by running tucks on the 
upper and under brim. These 
will be run separately in front 
of the first row of casing. Hats 
with brims of this description 
require little trimming. 

For a brim narrower at the 
back than at tho front [187], 
make a paper pattern with the 
brim I in. to 2 in. narrower at 
back, graduating the runners 
from front to back. 

Crowns for these brims are generally low and 
full on a tam-o’-shanter foundation [187]. Make 
a head-band and pleat a net or leno crown to 
it of about 14 in. ciiameter. 

For a large tam-o’-shanter crown, a round, cut 
the same size as brim, including frills, will make 
the silk for crown in proportion to the brim [188]. 
This can be left plain or embroidered, or trimmed, 
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as preferred. Turn it in and gather round the 
bottom three times and sew to side-bands. 
This can be tucked in various ways, but the 
material must be tucked before cutting the 
circle. 

Another method is to use a crossway piece of 
silk twice the circumference of foundation crown, 
for which the comers of silk left from the brim 
can be utilised. Join it in a round, and make the 
width about 3 in. more than the length from 
centre to crown to bottom of head- band. Turn 
in the edge round bottom and fly -run three times. 
Fly-run along the other cut edge five or seven 
times. 

Draw up each gathering thread at top and 
secure to crown. The silk at the sides should fail 
loosely over the net crown. Finish the space in 
the centre with an appliqu^ of laec. 

If a shaped crown is preferred, cut 
the side-band and tip to shape. 

Gather the silk to fit side- band and 
have the tip with full frill round 
the edge. 

Trimming* Make a large 
bow across the front, of silk, 
machine-stitched or slip-stitched, 
or rosettes, one under and one on 
top of brim. Young children wear 
strings of chiffon or silk cut on 
the straight. 

If the brim is turned away from 
the face with a rosette and a tip 
coming over the brim, the effect 
is very pretty. A few small daisies 
or a bunch of forget-me-nots make 190 . 
a change from an all-white hat. 

Hata can bo made in velvet in the same way, 
allowing a little less for fulness, to keep them 
light. Velvet hats made over a sparterie shape, 
with gauged lining, trimmings, and strings of 
chiffon or crepo-de-Chine, make becoming chil- 
dren’s hats. 

Drawn hats in glac6, taffeta silk, or net, are 
most effective made with raised casings [ 189 ]. 
For these, cut three lengths on the cross, 3^ in. 
wide. Join and machine-stitch one c^ige, making 
a narrow hem. Valenciennes or imitation 
Maltese lace, about 1 in, wide, can be stitehod on 
at the same time. This is for the frill. Cut 
three strips 9 in. through on the cross. Join, 
and press the seams all one way. Make a 
narrow hem on one side and machine-stitch 


it. Make a tuck 2^ in. from the edge that 
has been machine-stitched. Then make three 
more tucks, leaving 1 in. between. 

Push the wire into the tucks, fasten securelv 
in the same manner as for a drawn hat, an^ pull 
up the twist. Make the head-band and crown. 
Halve and quarter the 3j[-in. strip of silk ; gather 
and sew on near the first tuck at the edge to 
make a double frill there. 

Line with gauged chiffon, leaving a heading of 
about IJ in. Trim with chiffon strings, tucked 
and gathered at the ends, chiffon rosettes, and 
tip or small daisies. 

These hats may be made of net or chiffon, 
with raised casing. Push in the satin wire, and 
finish the edge with rows of straw or crinoline. 

Girls* Hats. Girls’ school hats in cloth or 
velvet are made in the same way 
as described in Shape Making and 
Covering [p.4768]. Children’s straw 
hats are made the same way as those 
for adults. As a rule, young girls 
look best in a large hat with simple 
trimming, such as a wide bow 
across the front, rosettes, or, for 
summer hats, floral mounts, and 
so on. 

Childreii*a Bonnets. Large 
bonnets [ 190 ] in straw, of the 
Veronique type, close-fitting at 
the back, with full frill in front, 
can be made in silk or straw. The 
straw is worked in three pieces, 
and the back is started by sewing 
two pieces of straw together and 
working another two or three 
rows till the size of the pattern is attained. 

Work the front on to this, cutting each row and 
leaving the straw of the outside long enough to 
go round back, and finish at the other ear. 
Make a long straight piece of straw by sewing 
several lengths together, and pleat this to front 
of bonnet. The fronts are often curved, in which 
case make a paper pattern and sew the straw to 
that shape. 

Line with gauged chiffon or silk muslin, and 
trim with rosettes, flowers, or ribbons. Such 
bonnets, of course, have strings. Older girls 
sometimes have ribbon strings tied behind, 
hanging down the back instead of being fastened 
under the chin, although the stylo is not becom- 
ing to every type of face. 


CorUinued 
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By HERBERT J. 

THE PARABOLA 

A jyianuter of a conic is the locus of tho 
middle points of a number of parallel chords. 
The diameters of conics can be proved to be 
straight lines. 

One diameter is conjugate to anothei when it 
bisects chords parallel to tho other. 

The (h'dinate of any point to any diameter is 
the line drawn to the diameter from the point, 
parallel to the conjugate diameter. 

The Parameter of a diameter of a parabola is 
the focal chord which the diameter bisects. 

The Suhtangent at any point is that portion of 
the axis which lies between the tangent and the 
ordinate of the point. 

The Subnormal is that portion of the axis 
between the normal and the ordinate. 

Proposition 78 

If PN is the ordinate of a funut "P on a parc^ 
holathenPK^=- 4AS . AN. 

For 

PN^ +SN2 = SP- (Prop. 34) 
= PM2 (Def of 
parabola) 

= XN=«. 

/. PN2+(AN~AS)2 = (AN 
AS)2 = (AN - AS)2 4- 4 
AS . AN. 

Hence, PN^ - 4 AS . AN. 

Proposition 79 

The locus of the middle points of any number 
of parallel chords of a jtarabola is a straight 
line parallel to the axis. 

Lot QQ' i)e one of the || chords. Then, since 
QQ' is a fixed direction ^ the 
line ZSY drawn through S 
_L to QQ' will meet tho direc- 
trix in a fixed point Z. There- 
fore the lino ZV, H to the axis, 
is a fixed straight line. 
fy Now, ZW - ZQ^ - QM' 

, ^ (Prop. 34) = ZQ‘^ - SQ2 =:= (Z 
+ YQ2) - (SY=* + YQ*) = ZY^* 
-SY^*. 

SiraUarly, ZM'^* = ZY* - SY^. 

ZM = ZM', and hence QV = Q'V (Prop* 

27). 

Thus, ZV, a line || to the axis, bisects QQ', a 
chord _L to ZS. In the same way ZV bisects 
all other chords X to ZS. 

Proposition 80 

The para'meter of any diameter of a fKxrabola 
is four times the focal distance of the end of the 
diameter. 

Let the diameter PV meet its parameter 
QSQ' in V, and the directrix in Z. Then ZSQ 
is a right l (Prop, 79). 



ALLPORT, M.A 

Since 8P=:PZ, ^SZP = Z.ZSP. 

their complements are 

equal. 

z.SVP== ^PSV. 

/. SP=PV. 

Hence, 

ZV= 2SP. 

Now, since ZM = ZM', and 
MQ, ZV, M'Q' are ||8, it can 
easily be proved that MQ 
4* M'Q'~ 2 ZV. But, by the 
definition of a parabola, MQ 



M'Q'=SQ+SQ'=QQ'. 

QQ'= 2ZV = 


4SP. 


Proposition 81 

If QV be the ordinate of any diameter PV, 
them QV2= 4SP . PV. 

Let PV meet its parameter in V' and the 
directrix in Z. Then 



ZS isXtoSV'andQV. 
Draw QF ± to PV. 

Then QF^ = MZ^ 
= ZY2 - SY2 (Prop. 
79). 

But, by similar As, 

ZY^ SY^ 

QV ZV V'V* 

/. QV2=:ZV2-V'V2. 
SP = PZ = PV' (Prop. 80). 

/. ZV - PV4- SP, and V'V- PV-SP. 

QV2 - (PV -f SP)2 - (P V - SP)2 

- 4 SP . PV [Aii. 60, page 2749]. 
Proposition 82 

The tangent at any point of a parabola bisects 
the angle between the focal distance of the point 
and (he diameter produced. 

Let the tfingent at P meet tho directrix in Z. 
Then PSZ = a right L (Prop. 72). 


But 


Af 

Z 
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Hence, the right-angled Ah PSZ, PMZ have 
a common hypotenuhe, and tho side SP = side 
PM. 

2 lSPZ- ^MPZ (Prop. 20). 
Corollary 1. lBTP- Z.TPM (Prop, 12) 
« ^SPT. 

/. ST=SP=PM=XN. 
ST-AS=-XN-AX; 
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or AT = AN. 

NT=2AN. 

Hence, the suhtangent is twice AN. 

Corollary 2. If PQ is a focal chord, and PM, 
QM' are ± to the directrix, then the tengent at 
P bisects the Z.SZM, and the tangent at Q 
bisects the L SZM'. 

PZQ is half the sum of Lti SZM, SZM'. 

L PZQ is a right L . 

Hence, tan^jents at the eiids of a focal chord 
meet at ri(jht angles in the directrix, 

Gorotlai'y 3. Let PG be the normal at P. 
Then, since iLSPT= Z-STP. 

their complements are equal. 
^SPG= ^SGP. 

SG=SP=PM-XN. 

subtracting SN, we have NG == SX — 2 SA ; 
or, the subnormal is equal to the semidatus- 
rectum, 

Propoaiiion 63 

If Y is the foot of the ^perpendicular from the 
focus on the tangent at P, then Y lies on the 
tangent at the vertex^ and SY2= SA . SP. 

Draw the tangent at the vertex, and let it 
meet PT in Y [see figure of Frop, 82]. Join 
SY. Then AN = AT {Prop, 82). 

YP = YT (Prop. 26). 

As SPY, STY have the sides SP, PY equal 
to ST, TY and the /.SPY = 2 . STY. 

As are equal. 

Z.SYP — I.SYT and each is a right L . 

Thus, the tangent at the vertex passes through 
the foot of the perpendicular drawn from S to 
the tangent at P. 

Again, YA, YP subtend equal angles at the 
focus (Prop. 74). 

And right L SAY = right l SYP. 

As SAY, SYP are similar. 

SA:SY=SY:SP; 
or SY2= SA . SP. 

CENTRAL CONICS 


Hence, from (1) and (2) 

CS : CA = CA : CX ; 
so that CS . CX= CA*, 

In a similar way, the satne result can be 
proved for the hyperbola. 

Propoaltion 64 

In a central conie^ if PN he the ordhvaie of 
any point P on the curve, then the ratio 

PN* : AN . A'N 

is constant. 

Let AP and 
AT, or these 
lines produced, 
meet the direc- 
f trix in Z and Z'. 
Join SZ, SZ', 
and draw PM 
J_ to the direc- 
trix. 

Then SP I PM = SA' ; A'X (Def, of a conic). 
SP : SA'=PM : A'X 

= PZ' : A'Z' {Prop, 56). 

SZ' bisects the L PSX (Prop. 65). 

Similarly, SZ bisects the Z-,QSX 
/. ZSZ' is a right l. , 

ZX . Z'X = {Prop. 60, Cor,). 

Again, by similar triangles, 

PN : AN = ZX : AX 
and PN: A'N = Z'X: A'X. 

PN* : AN . A'N= ZX . Z'X : AX . A'X 
= SX* : AX . A'X. 

But SX, AX, A'X are all fixed. Therefore 
PN* : AN . A'N is constant. 

Corollary. Let CB be X to CA. Then, 
if P be taken in the position B, the ratio 
PN* : AN . A'N becomes BC* : AC* ; so that, in 
an ellipse, PN* : AN . A'N = BC* : AC*. 

In the hyperbola, the conjugate axis does not 
meet the curve, but if BC is of such a length 
that BC* : AC*= SX* : AX . A'X, BC is still 
called tile semi-conjugate-axis. 



It has already been shown that central conics 
have two vertices. They also have two foci. If A, 
A' are the vertices, S a focus, and X the point 
in which the axis meets the directrix, then, 
by making A'S' equal to AS, and A'X' 
equal to AX, the curve can equally well 
be described by using S' as focus, and a 
line through X', perpendicular to XX', 
for directrix. 

In a central conic, AA' is called the 
transverse 
axis; while the 
straight line through 
the centre, perpendicular to AA', is called the 
conjugate axis. 

Segments of the Transverse Axis. 

In an ellipse, whose focus is S and vertices 
A and A', we have 

SA':A'X-=SA :AX. 

SA' : SA -= A'X : AX, 

SA'-fSA :SA = A'X -f AX: AX, 

AA' : SA - XX' : AX. 

-SA :ax. 

- A'X- AX: 

- AA' : AX. 

-SA :AX, 


Proposition 65 

The sum^ or the difference of the distances from 
the foci of any point on a central conic is 
constant, and equal to the tramverse axis. 


17 ^ 



and 

i.e. 

CA 

Again, SA'-SA 
i.e., SS' 
CS 


SA 

CX 

SA 

SA 

CA 


AX, 

0 


(i) 


( 2 ) 


Through P draw MM' 1| to the axis. 

Then SP : PM - S'P : PM' — e, where e equals 
the eccentricity. 

/. SP= e . PM, and ST- e . PM', 
in the eUipse, SP + ST = e (PM + PM') 

= c.MM' = 6.XX', 

and, in the hyperbola, 

ST-SP = e(PM'-PM) 

= e;MM' = e.XX'. 
Hence, in the ellipse the sum of the focal 
distances is constant, and in the hyperbola their 
difference is constant. By taking P in Uie 
position A, it is evident that this constant 
quantity is AA', the transverse axis. 


Gbometby condudfd ; folhw:d by Tbioonombtby 
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CONJUNCTIONS— continued 
Different of Conjunctione 



following examples : 

Che. The oon junction die may be used with 
the meanings : 

1. Final : Accendde U lumct ciVio possa ved^re. 
Light the lamp, that I may bo able to see ; Parlate 
ad alia voce, ohe tuUi capiscano. Speak aloud, that all 
may understand. 

2. Causal : Son contento ohe sei ventUo a casa 
preato, I am pleased that you have come home early ; 
Chuidck. la fineaira, che fa troppo freddo. Shut the 
window, because it is too cold. 

Note. The che (final or causal) may also be 
written with a grave accent. 

3. Temporal: Venne a casa che irano gid le 
undid. He came home when it was already eleven ; 
Sono qutndici giomi che piove sempre, It has been 
raining for a fortnight. 

4. Consecutive : Qud signore paria che non si 
capisce, That gentleman speaks so that one cannot 
understand him ; Questa vaUgia c co«i piccola, ohk 
non dentra niente. This portmanteau is so small 
that nothing will go into it. 

The conjunction che, in subjective or objective 
propositions, may be sometimes omitted : Setnbra 
{che) non ci sia edtro. It seems that there is nothing 
else ; Temo {che) non riisca a convincerh, I fear that 
he will not succeed in convincing him. 

It is, however, a rule to omit the che in propo- 
sitions preceded by another che ; Prese le quattro 
povere hiatic, e le aiede a Renzo, con un'occhiaia di 
compaaaione che pareva (che) volcaae dire : hiaogna 
che tu Vdbhia fatta beUa, She took the four poor 
beasts and gave them to Renzo, with a pitiful look, 
which seemed to mean, “ You must have done 
something serious.” 

The che united to adverbs, prepositions, or other 
words, in compound conjunctions may be some- 
times understc^d. Le acrivo aubito, acciO (che) 
sdppia eo^ne regolarsi, I am writing you at once, in 
order that you may know how to conduct yourself. 

The rdative che can never be omitted in Italian, 
as is often done in colloquial English : / libri die 
idjibiamo comprato, The books (that) wo have bought ; 
Le due eterline che mi preataate. The two pounds (mat) 
you lent me. 

The conjunction che preceded by the negation 
non {non che) is translated in English by **far 
from,*’ “not to speak of,” “to say nothing of,” 
and similar expressions: Don Abbdndio, non che 
penaare a traagredire una tal legge, ai pentiva anche 
delT av^ ciarlato eon PerpRua, Hon Abbondio, far 
from thinking of transgrasing such a law, even 
repented that he had spoken with Perpetua. 

C. The copulative conjunction e may also be 
used with an adversative meaning, as: Diaae che 
aarebbe vewaio e (ma) non i ventUo, He said he would 
come, but he has not ; Dovevo aerivergli e (ma) non 
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gli ho acritto, I had to write to him, and (but) I have 
not written. 

Sometimes the conjunction e is used with the 
meaning of anche (also): 8e io parlo, e lui paria; ae 
io ato zitto, e lui sia ziUo, If I speak, he also speaks ; 
if I am silent, he also is silent. 

The English expressions ao do I, so do we, ao am 1, 
neither do 1 , etc., are rendered in Italian by {e) anch'io, 
etc. ; (c) nemmeno io, etc. Examples : I am hungry 
— so am I, Io ho fame — andCio ; 1 don’t believe it — 
neither do I, Io non ci credo — nemmeno io. 

Se. The conjunction ae (and sometimes also the 
adverb come) may be used in.stoad of che : Scuaerai 
ae non te Pho acritto prima. You will excuse mo if I 
have not written it to you before; Mi hannoraceon- 
tato come tutto aia finito ira voi due. They have 
told me that everything is over between you two. 

Perche. Perche is often used instead of affin- 
che, in order that : A wicindtevi perche io 
veder meglio, Come near, so that 1 may see I 

EssBCizio DI Lettura — continued 

A siffatta^^ proposta, I’indignazione del fratc, 
rattenuta a stento fin allora, trabocoo. Tutti quei 
1)61 proponimenti di prudenza e di pazienza 
andarono in fumo® : I’uomo vecchio si trovo di 
accordo col nuovo ; e, in quei casi, fra Cristdforo 
valeva veramente per due. 

“ lia vostra protezione ! ” csclamo, dando indietro 
due passi, postandosi fieramente sul piede destro, 
mettendo la dostra^ su I’anca, alzando la sinistra^ 
con rindice teso verso don Rodrigo, e piant4ndogli 
in faccia due occhi infiammati ; ” la vostra pro- 
tezione [ !ll^ meglio che abbiate parlato cosi, che 
abbiate fatta a me una tale proposta. Aveto 
colmato^ la misura e non vi tcrao piu.” 

“ CJome parli, frate ? ” 

“ Parlo come si paria a chi d abbandonato da 
Dio, o non pu6 piu far paura. La vostra prote- 
zione [ Sapevo bene cho quclla innocente d sotto 
la protezione di Dio ; ma voi, voi me lo fate sentire 
ora, con tanta certezza, che non ho piu bisogno di 
riguardi a parlarvene. Lucia, dico : vedete come 
io pronfinzio questo nomo con la fronte alta, e con 
gli occhi immobili.” 

“ Come I in questa casa . . . ! ” 

“ Ho conipassione di questa casa ; la male- 
dizione le sta sopra sospesa. State a ved^re che la 
giustizia di Dio avr^i riguardo a quattro piotre 
e suggezione di quattro sgherri. Voi avete 
oreduto che Dio ^bbia fatta una creatUra a sua 
imm&gine, per darvi il piacere di tormentarla ! 
Voi avete creduto che Dio non saprobbo dif^nderla ! 
Voi avete disprezzato il suo avviso \ Vi siete 

§ iudioato. Il cuore di Faraone era indurito quanto 
vostro ; c Dio ha saputo spezzarlo. Lucia 4 
sioma da voi** : ve lo dico io ^vero frate ; e in 
mianto a voi, sentite bene quel ch’io vi prometto : 
Verrk uta giomo . . . ” — continued. 

Notes. 1. such ; 2. andare in fumo, to vanish 
away ; 3. right hand ; 4. left hand ; 5. fitted up ; 
6. is s^e from you. 
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IRREGULAR VERBS 


I fid. Pres. — Appariaco (appdio), apparisci and 
appariy appariace and appare, appariamo, apparite, 
appariacono and appdiono. 

Past Def. — Apparvi, apparai and apparii (regular); 
apparvct a^parae and apparl ; appdrvero, apparaero 
and appartrono. 

Subj. Pres. — Appnriaca and aj>pAint etc., third 
person plural : apparhMtto and app^iano. , 

ImperaL — Appariaei, appariaca, etc. 

Past Part. — Apparao, 

Prca. Part. — Apparente. 

Comparirei to appear 
Pres. Jnd. — Compariaco, compariaci, comparisce^ 
etc. [see apparire above]. 

Cucire, to sew 

This verb preserves the soft sound of the c 
throughout the conjugation. 

Ind. Pres. — CUcio, cuci^ cme, cuciamOf cucilet 
ciiciono. 

Past Def. — Cucii, evsiaii, etc. 

Svbj. Pres. — Gucia^ cticta^ etc. 

Im/perat. — Cuci, cUcia, etc. 

Inserire, to insert 
Prea. had. — InaeriacOt inaeriaci, etc. 

Past Def. — Inaeriit inaeriati, etc. (regular). 

Paal Part. — Inaerito (inaerto). 

Morire* to die 

Ind. Pres. — Mudiot muoro (mdio) ; muori (won), 
mnare; moriamo, morite, mudiono {mdiono). 

Imperf. — Morivo, etc. 

Past Def. — Moriit nurriali^ etc. 

Future — Morird or morrd, morirai or morrai^ 
mofird or morrd, etc. 

8vhj. Prea. — Mudia (moia), etc. 

Imperat. — Muori, mudia, etc. 

Condit. — Morirei and morrei, etc. 

Past Part. — Morto. 

Pres. Part. — Morente (moriente). 

Gerund. — Morendo. 

Note. This verb, when conjugated with the 
auxiliary avhe, to have, moans to kill. 

ParcepirOv to conceive 
Ind. Prea. — Perecpiaco, pcrcepiaci, etc. 

Past Part. — Percepito {percetto). 

8calfire« to scratch 
Prea. Ind. — Scalfiaco, acalfiaci, etc. 

Past Part. — SealfiUo. 

Scomparire» to disapj^ear [see apparire] 
Scucire, Sdrucire. to unsew [sec czictre] 

Seppellire» to bury 
Prea. Ind. — Seppelliaco, etc. 

Past Part. — Sepolto (acp-pellito). 

Sparire, to disappear 
Ind. Pres. — Sparisco, aparisci, apariace, etc. 

Past Def. — Sparii {aparvi), etc. 

Past Part. — S'parito. 

Trasparira» to bo transparent [see aparire, 
above]. 

Udira» to hear 

Ind, Prea. — Odo, odi, ode, udiamo, udite, ddono, 
Imperf. — Udivo, udivi, etc. 

Past tkf.^Udii, udiati, udl, etc. ^ 
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Future — Udird and udrd, udirai and udrd, 
udiremo and udremo, etc. 


Imperat. — Odi, oda, udiamo, udite, ddano. 

Condit. — Udirei and udrei, etc. 

Past Part. — Udito. 

Prea. Part. — Udente (udiente). 

Gerund. — U dendo. 

Note. The verb udire changes the vowel u into 
o when the accent falls on the first syllable. Thus : 
Odo, ddi, but udidmo, udite. 

Uacire, to go out 

Ind. Pres. — Eaco, eaci, eace, usciamo, uacite, 
escono. 

Imperf. — Uscivo, uacivi, etc. 

Past Def. — Uadi, uscisti, uaci, etc. 

Future — Uacird, etc. 

Subj. Prea. — Eaca, esca, earn, usciamo, usciate, 
iacano. 

Imperat. — Eaci, eaca, usciamo, uacite, iacano. 

Condit . — Uacirei, etc. 

Past Part. — Uacito. 

Note. The verb uscire changes the vowel u 
into e when the accent falls on the first syllable. 
Thus ; Eaco, eaci, but uscid'tno, uacite. 

Conjugate like uscire : Biuscire, to succeed. 

Venire* to come 

Ind. Prea. — Vengo, vieni, viene, veniamo, venite, 
vhigono. 

Past Def. — Venni, veniati, venne, venimmo, 
veniate, vinnero. 

Future — Verrd, verrai, verrd, verremo, verrete, 
verranno. 

Subj. Prea. — Venga, venga, venga, veniamo, 
veniate, vingano. 

Imperat, — Vieni, venga, veniamo, venite, vengano. 

Condit. — Verrei, verreati, verrebhe, etc. 

Past Part. — Venuto. 

Pres. Part. — Veniente. 

Conjugate like venire : awenire, to befall ; 
convenire, to suit ; divenire, to become ; pervenire, 
to attain ; aopravvenire, to happen ; prevenire, to 
come before, to anticipate ; provenire, to derive ; 
rinvenirc, to recover. 

Exercise LTV. 

1. Essi app^rvero vestiii in una maniera cosi 
strana, che tutti cominciammo a ridere. 2. 
Abbiaino comprato una nuova mkcchina da cucire. 
.3. L’iinpressione ch* egli ricevette dal veddr 
Tuomo morto per lui, e I’uomo morto da lui, fu 
nuova e ind id oile. 4. Batemi qualcho oosa da 
mangiare, porchd muoio di fame. 5. D vostro 
servo dev’ dssere un buon uomo, 1* ho sempre 
udito lodare da tutti. 6. Non sono riusoito a 
capire una parola di quello che ha detto. 7. Se 
non piove usciremo ancho noi. 8. Non ho mai 
udito una cosa simile ! 9. I bottoni delle mie 

camicie si sono tutti staccati, vi prego di cucirli 
meglio la prdssima volta. 10. Non so capire 
perch^ non sia venuto ano6ra. 

Conversazione 

l^erchd gli avete date il permesso di usciro ? 

lo non gli ho dato nessun permesso; d uscito 
a mia insaputa {unthout my knowing it). 

Qiiando siete arrivato ? 

Sono arrivato stamattina, o ripartird stasera 
col treno delle nove e quarantacinque. 

£! venuto nessuno dtirante la mia assenza 7 



is venuto quel signore tedesoo^ e ha lasciato una 
16ttera per voi. 

Perch^ la signora N. non era al hallo T altra 
sera ? 

Perchd 6 in lutto (mourning ) ; non 6 nemmeno 
un mese che le h morto il padre. 

lo mu6io di freddo. 

Venga nella mia camera ; c’ ^ un bel fuooo. 

Aspetti ch’ iibbia finito. 

Key to Exercise LII. 

1. My brother and sister have arrived to-day 
from Paris. 2. Why did you not come to the 
station ? 3. Because wo have not been able to 
find a carriage. 4. Do not go away ; wait till I 
come back. 5. If my father would permit me, I 
should come willingly. 6. My watch costs twice 
as much os yours ; that is one hundred and twenty 
francs. 7. 1 have forgotten to take my ticket, 
therefore I have not been able to enter. 8. I 
should go there, if I had time and money. 9. I 
have called you twice, but you have not answered 
me. 10. He never gave himself the trouble of 
returning me the money that he owes me, 
though I asked him for it several times. 11. T 
have sent him a registered letter, so he 
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cannot say that he has not received it. 12. If 
you had arrived before, it would have beer 
much better. 

Key to Exercise LIIT. 

1. Give me a match, please ; my cigar has gone 
out. 2. Do not let the nre go out, because we shall 
return home soon. 3. The enemy has been repulsed, 
but with heavy losses on our Side. 4. I am convinood 
that things are as you say. 5. I will give you a very 
interesting novel translated from English." 6. What 
do you advise me, to translate from Italian into 
English, or from English into Italian ? 7. They 

knew each other three years ago in Florence, and 
since then they have always lived together. 8. The 
affair seemed almost concluded, but lately such and 
so many difficulties have arisen, that they have 
deprived me of all hope. 9. This is a good chance for 
him ; we shall see whether he will this time know 
how to take advantage of it. 10. He has gone to 
America, attracted thither by the hope of great gains. 
11. That friend of mine who succeeded in winning 
a huge fortune at Monte Carlo has ended by losing 
his last half[3eimy. 12. “ This is the fable,” said 
the old man, shaking his head ; “ you draw the 
moral out of it.” 


FRENCH 

VERBS 

Agreement with a Simple Subject 

1. Every verb in a finite tense agrees with its 
subject in number and jHJrson : Le cceur d^une mere 
eat le chef-d'oeuvre de la nature^ A mother’s heart is 
Nature’s masterpiece. 

2. When a verb has for its subject a collective 
noun, or norm of multitude, followed by another 
noun in the plural as its complement, that verb is 
in the singular or in the plural, according as the 
leading idea is expressed cither by the collective 
or by its complement : IJne nuie de aaulereUea 

A cloud of locusts obscured the air ; 
I7ne nuh de harbarca dhderent le yaya, A cloud 
of barbarians laid waste the country. 

3. After la whether a plural complement 

is actually expressed or only understood, the verb 
is always in the plural : Quand on en vint aux voix, 
la plupfirt se didarireni de mon avia. When it came 
to voting, the greater number declared themselves 
of my opinion. 

4. After the adverbs of quantity, peu, heauxoup, 
moina, asaez, trop^ followed by a plural, the verb is 
always in the plural : Beaucoup de gena promettent ; 
peu aaverU tenir^ Many people promise; few know 
how to keep (their promises). 

5. When peu is preceded % fe, the verb is in the 

singular if le peu expresses want or deficiency : 
Le pent de gena avec qui on pent communiquer dea 
sciences abatraites m'en avail The few ( = the 

lack of) people with whom one can discuss the ab- 
stract sciences bod put me out of conceit with them. 

When le peu expresses a small quantity, or a 
small number, the verb agrees with the noun 
following it : Le peu d^amis owe favaia aont vehua 
d mon aecoura. The few friends I had have come 
to my help, 

6. Plua (Fun, though expressing plurality, 
requires the verb that follows it to be in the singular : 
Plua d'un doit son aueda d aa peraivkranxe auUint 
qu' d son talent. More than one owes his success to 
his perseverance as much as to his talent. 
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7. The verb of which tout le monde is the subject is 
always in the singular : Tout le monde eat aujet d 
Verreur, Everybody is liable to error. 

8. When preceded by ce, the verb efre is in the 
third person singular if it is followed by a plural 
pronoun of the first or of the second person, or by 
two or more nouns in the singular : (feat nous qui 
avona le plus aouffert de aa tyrannic. It is we who 
have suffered most from his tyranny. 

9. Though preceded by ce, the verb Hre requires 
to be in the plural; if it is followed by a plural 
noun or by a i)crsoual pronoun in the third person 
plural : Ce furent lea Phiniciena qui inventirent 
Vvxriiure, It was the Phcenicians who invented 
writing. 

10. When the verb eire preceded by ce is followed 
by two (or more) substantives of which one is 
singular and the other plural, it takes the number 
of the substantive nearest to it : Ce aera le mhne 
thedtre et lea memea decorationa. It will bo the same 
theatre and the same decorations. 

11. When the verb dre precjeded by ce is equiva- 
lent to the imT>ersonal verb y avoir, it may, if 
followed by a plural noun, bo cither in the singular 
or the plural itself : CP Bait (or c'Haient) ioua lea 
joura (fc nouvdlea pLairUea, There were acw com- 
plaints every day. 

12. The verb Hre preceded by ce remains in the 
singular if it is followed by a noun and a numeral 
adjective which, though plural in form, convey an 
idea of unity, and may be replaced by the singular : 
C'eat quatre heurea qui aonnenU It is four aclock 
that is striking — that is to say, la q\uitrieme heure, 
the fourth hour. 

Agreement with Several Subjects 

1. When the subject of a verb consists of several 
nouns or pronouns in the singular, the verb itself 
is in the plural : VhirondeUe etle roaaignol amvoivceni 
le reiour du printempa. The swallow and the nightin- 
gale announce the return of spring. 

2 When the various parts of the sobject are not 
of the same person, the verb is in the plural and 
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agrees with the person that has priority. In that 
case, it is nsual, but not essential, to introduce 
an additional plural pronoun representing that 
Ijerson : Votis et mot (nous) sommes contents de notre 
sort. You and I are content with our lot. 

3. The verb may be in the singular when the 
various nouns of which the subject consists are 
practically synonymous. 

4. When two subjects are joined either by ni 
or by OM, the verb is usurilly in the plural, unless 
it is obvious that one subject excludes the other : 
Ni Vor ni la grandeur ne notis rendeni heureux. 
Neither gold nor greatness make us happy. Ni 
Corneille ni Racine n'est V auteur de ccs vers. Neither 
Corneille nor Racine is the author of those versos. 

5. A verb having Vun et Vauire for its subject 
must be in the plural : Vun et V autre rapportcrU 
les mhnes cir Constances, The one and the other 
( = both) record the same circumstances. 

Complement of the Verb 

1. The same noun may bo the complement (or 
object) of two verbs, provided both verbs govern 
the same case : Les enfant^ doivent aimer et respecter 
leurs parents. Children should love and respect their 
parents. Here, parents is the direct object (or 
accusative) of both aimer and respecter. It is 
incorrect to say : Les enfants doivent obHr et 
respecter leurs parents, because dbHr requires an 
indirect object (or dative), whilst respecter governs 
a direct object (or accusative). The proper con- 
struction is : Les enfants doivent 6bi.ir d leurs parents 
et les respecter. Children must obey their parents 
and respect them. 

2. When a verb has several complements joined 
by et, ou, or ni, all these complements must be of 
the same kind — i.e., either all nouns, or all in- 
finitives, etc. ; but not one noun and one in- 
finitive : 11 aime le chant et le dessin, He likes singing 
and drawing ; II aime d chanter et d dessiner. He 
likes to sing and to draw. 

Both these sentences arc correct ; but it would 
to say ; II aime le chant et d dessiner, 

3. If a verb has both a direct and an indirect 
complement, the direct complement (or accusative) 
comes first, provided both are of ecjual length : On 
doit prifher la mart d Vesdamge, We should prefer 
death to slavery. 

4. If the two complements are unequal length, 
the shorter usually comes first : Vavare sacrifie d 
Vinthit son honneur el sa vie, The miser sacrifices 
honour and life to interest. 

Use of Auxiliaries 

1. All transitive verbs take avoir for their 
auxiliary : J'ai donni ; tu avais flni ; il aura re^u ; 
vous auriez vendu. 

2. Most intransitive verbs take avoir for their 
auxiliary : ll a succomhl ; eUe avail regne. 

3. All reflexive verbs are conjugated with 
Hre in their compound tenses : Je me suis hless^ ; 
%mis vous seriez apergus, 

4. The passive voice consists throughout of the 
verb dre with a past participle added to it : 11 cst 
aimi ; Us ont iti battue. 

5. The following intransitive verbs are always 
conjugated with ^tre : 

Alter, to go ; arriver, to arrive : choir, to fall ; 
d^Mer, to die ; Ichoir, to fall due ; M>ore, to 1^ 
hatched, to blossom ; entrer, to enter ; mourir, to 
die ; naitre, to be born ; repartir, to set out again ; 
ressortir, to go out again ; reioumer, to go ba^ ; 
t>enir, to come ; apa the derivatives rentrer0tto 
oome baok, to re-enter ; devenir, to become ; tn<* 
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tervenir, to intervene ; parvenir, to suooeed, to 
attain to ; provenir, to proceed from ; redevenir, 
to become again. 

6. A certain number of intransitive verbs, 
though almost always conjugated with itre, are 
occasionally to be foimd conjugated with avoir. 
They are : 

Descendre, to go down ; moiUer, to go up ; partir, 
to set out, to go off ; retomber, to fall again ; 
tomher, to fall. 

7. Any intransitive verb used transitively requires 
avoir for its auxiliarv : Avez-vous descendu nos 
hagages ? Have you taken down our baggage ? 

8. A certain number of verbs, of which the follow- 
ing are the chief, are conjugated with avoir or with 
Hre, according as they denote action or state re- 
sulting from action : 

Accourir, to run up ; cesser, to cease ; changer, 
to change ; eroUre, to grow ; dehorder, to overflow ; 
dbginher, to degenerate ; disparaxtre, to disappear ; 
Mouer, to run aground, to fail ; emhellir, to become 
handsomer ; grandir, to grow up ; groseir, to 
increase in size ; maigrir, to become thinner ; 
passer, to pass ; rajeunir, to become young again ; 
vieillir, to grow old. Cet enfant a bien grandi 
en peu de temps, That child has grown a great deal 
in a short time. Comme U est grandi ! How grown 
( = tall) he is ! 

9. Some verbs have different meanings, according 
as they are conjugated with avoir or with Hre. 
Such are, Convenir, to suit, to agree : Cette maison 
nous a convenu. That house has suited (pleased) 
us. Nous sommes eonvenus d'aoheter cette maison. 
We have agreed to buy that house. 

Demeurer, to dwell, to stop : II a demeuri longtemps 
d Paris, He lived a long time in Paris. Vaffaire, 
cn est demeurie Id, The matter stopped there. 

jRchapper, to escape notice, to be forgotten, 
to slip from, to be said unwittingly : Ce que^ je 
voxdais votis dire m'a ichapp^., What I wished to 
tell you has escaped me (i.e., my memory). II lui 
est bchappi tin rnot qu'U ne votUait pas dire, A word 

Use of the Subjunctive 

1. The verb of the subordinate claui 

the subjunctive when the verb of the principal 
clause expresses surprise, admiration, wish, consent, 
prohibition, doubt, fear, command : Je m'^^tonne 
qvCU ne voie pas le danger od U est, I am astonished 
that he does not see the danger in which he is. 

2. The verb of the subordinate clause must be 
in the subjunctive when the verb of the principal 
clause is either negative or interrogative : Je nai 
employ^ aucune fictiem rnii ne soit une image sensible 
de la verite, 1 have used no fiction but is a sensible 
image of truth. Croyez-vous qu'U vienne ? Do 
you think he will come ? 

Exception : ^V^len the interrogation is merely 
formal, and really amounts to a direct statement, the 
subjunctive is not required : Croyez-vous que les 
Parisiens sont des sots ? Do you think Parisians are 
blockheads ? 

3. The verb of the subordinate clause must 
be in the subjunctive after impersonal verbs and 

E hrases ; II vaut mieux qu'U ne vienne point. It is 
etter he should not come. II imports que vous y 
soyez. It is important that you should be there. 

Exception : (a) The indicative is required after 
U 8*ensuit, it follows ; U risidte, it results ; U 
arrive, it happens; and after impersonal phrases 
in which there occurs an adjective expressive of 
certainty, such as ivident, sUr, certain, vrai, except 
when these are either negative or interrogative: 



n arrive eouvent qu^qn est tromp^. It often happens 
that we are mistaken. 

(b) The verb serMer^ thouch used impersonally, 
requires the indicative if it w preceded by one of 
the personal pronouns me, (e, nous, voua, lui, leur ; 
but, if used negatively or interrogatively, it follows 
the rule : II me aemble qu'il n'y a pas de 'dua grande 
fouiaaance que celle de faire des heuretLx, It seeins to 
me that there is no ^ater happiness than that of 
making people hjmpy. 11 ne me aerMe paa que Von 
puiaae penaer diff^remrnent. It does not seem to 
me that anyone can think otherwise. 

4. The verb of a relative clause must be in the 
subjunctive if it does not express an actual fact. 


LANQUA(aU-S«P»SIUN«i» 

and if the relative clause implies some' purpose 
regarding the antecedent, or some unattained 
result. To express what is regarded as a fact or 
a certain result the indicative is used : Si je 
vaia d Ijondrea, ce aera avec qvdqiCun qui aaefie 
parier anglais ; Si je vaia d Londrea, ce aera avec 
qudqdun qui sail parier anglaia. Both these 
sentences mean : If I go to London it will 
be with someone who can speak English. In 
the first of them, the use of the subjunc- 
tive indicates that such a person has not yet 
been secured ; in the second, the use of the 
indicative implies that such a person is actually 
available. 
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ELISION 

The only letters which may be 
omitted from Esr^ranto words are 
the a of the article la and the final 
o of a substantive, in which case 
an apostrophe is substituted. In 
the case of the article, this is only 
permissible when la is preceded by 
a preposition having a final vowel. 

Examples : La fino de Vjaro, 
The end of the year ; Si kantia 
pri VamOt She sang of love. 

The o in a substantive mav 
only be dropped when such 
word is singular and in the 
nominative case. Examples : Ho 
mia kor'f Oh, my heart ! Sinjor' 
Doktoro, Mr. Doctor. 

As a general rule, and in order 
to ensure comprehension to a lis- 
tener. it is certainly advisable to 
avoid elision altogether. The per- 
mission to use elision is freely 
taken advantage of in writing verso, 
and this is the only case where 
such omission is really justified. 
When, however, elision of the o in 
nouhs is resorted to, the accent 
still remains on the same syllable 
as before. 

Vocabulary 

apog'f lean, rest imit\ imitate 
hcUal\ battle, iniern% inner, 
fight inside 

ben\ bless kajer\ paper- 

ct/er', numerical covered book 

figure ke8t\ chest, box 

cemiz\ shirt komunik', com- 
dat\ date (time) municate 
depends depend kovr\ cover 
diferenc', differ- (v.t.) 

ence kripl', crippled 

diligent kuler% spoon 
exist kurb\ curved 
, bottom lag\ lake 
gard\ guard (v.t.) lip% lip 

groan laa\ leave, let 
ha*, ah martel', ham- 

hirund', swallow mer (subst.) 
(bird) menton', chin 


mika\ mix 
miop\ short- 
sighted 
naj\ swim 
najV , nail 
(metal) 

mUr\ nourish, 
feed 

o/fc', oliey 
ohjekt', object, 
thing, article 
pa.c\ i)eace 

pass (v. i.) 
pas', step, stride 


pere\ perish 
permea\ i>er- 
mit 

pinc\ pinch 
plend\ com- 
plain 
park', pig 
posed', possess 
poa', pocket 
preciz', precise, 
exact 

prunt', loan 
raz', shave 
ta>8', cup 


Exercise XIII. 

I.<a riculo bone mangas kaj 
vivas, sed la malriculo nur 
ekzistas. Faso post paso la 
homoj 6iam antauen iras 
malgrau cio; kio kontraustaras 
ilin. La kriplulo volis nagi trans 
la lagon, sed ce la mezo li 
nereis, kaj subiris gis la fundo. 
Lau mia deziro, mia boonklo 
pruntedonis al mi la keston kaj 
ciujn objektojn, kiujn gi onhavis, 
krom la ar^ntaj kuleroj kaj la 
raziloj . La hirundo rapido flugis 
prefer la rivero. Ou vi meinoras 
la daton, kiam felice paco fine 
okazis ? La bonulon oni 
devus beni kaj imiti. Li 
alnajlis la kovrilon sur la keston, 
ontau kiam li enmetis la tasojn. 
La miopulo plendis kontrau mi, 
car mi skribis tre malgrandajn 
ciferojn. Oni devus honori kaj 
obei la gepatrojn (or, al la 
gepatroj). La daton do la letero 
mi ne certe memoras, sed mi 
kredas, ke la plendulo skribis 
gin cirkau la kvina do la nuna 
monato. Li apogis sin sur mian 
brakon kaj ek^mis. Mi an- 
korau ne scias preoize, kiom mi 
posedas en mia poik>. La homoj 
ciame kontraffbatalas unu la 
aliaa, kaj nur la fortuloj post- 


vivas. Kia estas la diferenco 
inter £i tin okjekto kaj tiu ? 
Estas nonia. Li jam forlasis 
la urbon antau kiam mi tie logis. 
Dum mi nutris la porkojn la 
malriculo preterpasis kaj atente 
rigardis ilin. Anstatau paroli, 
Ai staris tie kun palaj lipoj 
kvazau muta. Cu mi mnnesos 
tion, dependas de liff preciza 
deziro, sed intertempo vi devas 
labori diligente kaj havi pacien 
con. 

PRONOUNS 

Possessive Reflexive (sia) 

The Reflexive Pronoun Si 
has been dealt with and ex- 
plained on page 4656, but the 
use of sia as a Reflexive Pro- 
noun in place of lia, sia, {jia and 
ilia must be carefully marked 
and learned by the student, in 
order to avoid causing ambiguity 
as to the actual possessor of the 
direct or indirect object in a 
sentence. Like ai, from which it 
is derived, aia relates only to 
the third person w^hether the 
numbtu* be singular or plural, 
but it must, of course, like the 
other possessive pronouns, take 
the plural and accusative signs, 
if that which is possessed be 
plural and in the accusative case. 

A few examples of ambiguity in 
English will most clearly sliow the 
importance of the correct use of 
the reflexive pronoun : 

When we say : “ John loves 

Peter and his brother,” there is 
a doubt as to whose brother is 
referred to. Now, in Esperanto, 
aia always refers to the subject of 
the clause in which it occurs, 
and, thus, if we translate the above 
sentence, Johano amaa Petron kaj 
aian fraton, the friend of whom we 
^ak must be John’s, because 
John is the subject of that sentence. 
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If we mean that John also loves 
Peter’s brother, then the sentence 
must be translated : Johano amaa 
Petron kaj lian frcUon, 

It must also be carefully noted 
that sia can never qualify the 
subject : 

j. wuttf tiuiau i»uu uin 

friend met Peter. 

Here it will be observed that 
both “ John ” and “ friend ” are 
subjects of the verb ,* conse- 
quently, lia must be used. If the 
above English sentence, however, 
is slightly altered by saying, “ J ohn, 
walking with his friend, met Peter,” 
then “ friend ” is no longer a sub- 
ject, and the translation, therefore, 
is Johano promenanie kun sia 
amikOf renkontis Petron, 

In some complex sentences the 
object of a principal sentence be- 
comes the subject of a subordinate 
sentence. This is exemplified by 
the following : 

La patro vidis la sinjoron, kiu 
estis en sia gardeno. The father saw 
the gentleman, who was in his (the 

nrAni-lomart^QV 

iioru, gcutitsuitiu, ’ the object 
of the principal sentence, becomes 
the subject of the subordinate 
sentence, and is represented by 
“ who.” Consequently, when sia 
is written, it must refer to 
“ who,” which, as stated, stands 
for ” gentleman.” If lia were 
substituted it could only refer to 
” father.” 

The simple rule to be remem- 
bered in cases such as the above 
is : 

“Sia,” being reflexive, can 
only refer to the subject of its own 
clause, and, for the same reason, 
can never be placed before the 
subject. 

The following examples, with 
remarks thereon, should be 
carefully noted : 

La domo de Anglo estas lia 
hastdOf An Englishman’s house 
is his castle. Lia is used because 
“ Anglo,” which is referred to, 
is not subject. 

Si diris, ke la viro frame Sian 
hundon. She said that the man 
struck her dog. Sian is used 
because viro is the subject of 
the subordinate sentence. 

La hundo amas sian maslront 
The dog loves its master. Sian 
is used because it refers to the 
subject hundo. 

La cevah kaj ^ maatro eatis 
en la kampo^ The horse and its 
master were in the field. (Sfia 
is used because mastro is also 
subject. 


Mi vidis mian palrinoji kun 
siaj amildnoj, I saw my mother 
wi& her friends. Siaj is used 
because pairinon, to which it 
relates, is not subject. 

La knahinoj kaj iliaj fratoj 

ris kun siaj amikoj al 

domo, The girls and their brothers 
went, with their friends, to their 
the girls* and their 'j 
brothers* j- house, 

the friends* brothers’ j 

Vocabulary 

dl)i\ fir nest\ nest 

aheV, bee opini\ opinion 

hapt\ baptise pasament', lace 
cirkonstanc', cir- pir\ pear 
cumstanoe precip', particu- 

diamanl', dia- larly, especi- 

mond ally 

hont\ shame prem\ press 
kambi', bill of prez', price 
exchange princ', prince 
kompaP, com- prov\ attempt, 
passion, pity try 
konsider', con- punkt\ point 
aider puS\ push 

kontor', bureau, ratik', hoarse 
office regiment, regi- 

horh\ basket ment 

hrem*, cream rekompend, re- 
hirten,' curtain ward 

kverk', oak renvers', u p - 
lepor\ hare set 

lup\ wolf respond', 
majes', ma- reply 

jestic rev', day-dream, 

marc', swamp, fancy 

marsh ripet', repeat 

marS', march rop, dew 
(v.i.) roz', rose 

membr', mem- Sat', like 
ber Sprue', sprinkle 

meti', trade, Stal', steel 
handicraft Std', steal 
minac', menace, Svld', owe 
threaten zorg\ care for 
mor', habit, us- zum', hum 
age 

Exercise XIV. 

1. He wont into his office, and 
wrote his name on the bill of 
exchange. She repeated her story 
to the compassionate princess, 
who promised to look after her 
child. What is his trade ? On 
that largo oak there is a little nest, 
whose contents you would cer- 
tainly like to steal. In my opinion, 
you should at once reply to the 
most important points in his letter. 
How much docs his son owe to you? 
The regiment marched on to the 
swamp, and nearly all the soldiers 
T>eri8b^jl Does £be new member 
like IRam or milk in her tea T 
Very carelessly he upset the 
Continued 


basket, which was full of pears. 
Who is there ? 

^ 2. Kia bela pasamento ! 
Oar vi kondutis hodiaii tre 
honte, vi ne havos la rekom- 
pencon kiun mi promesis al 

T A Aiirwoa aiiir^Aip. 

homoj ' estas tre hontaj. Kia 
estas via opinio pri mia provo ? 
En frua mateno la roso kuAas 
sur la folietoj de la rozoj. Li 
premis mian manon, diris 
malgoje “adiau ! ** kaj malaperis 
el mia vido por 6iam. Post la 
kurtenoj, sin kadis la princo, kun 
6iuj siaj diamante j. En tiuj 
cirkonstancoj, mi midte bedauras, 
ke mi ne povos adeti vian dtalon. 
Hi tiam komenois paroli tre 
laute kaj kolere ; posto ili 
minacis kaj ekpusis min, kaj 
fine ili provis eljeti min el la 
cambro. La leporo kuraa tre 
rapide, precipe kiam lupo 
iras. Kiel majesta estas 
granda abio ! 

Key to Exercise XII. 

A. Axe. Widow. 8tran^r. Blind 
woman. Isle. Little miss. Gun. 
Mad woman. In a motherly way. 
Sisterly. In the streets one often 
meets the deaf, the dumb and the 
blind who are beggars {m, and /.). 
I took my skates in order to skate 
on the ice. The little girl cried 
until she could not cry any more. 
With a needle one sews and with 
a comb one combs the hair. There 
are islands in both the north and 
south ports of this country, but 
I have not yet been to them. I am 
now a widow, as my husband has 
just died. He took the rifle, and 
shot in all directions like a mad- 
man. It is supposed that a pious 
i>erson never sins even the least 
little bit. The joker again kissed 
the little children, and also the 
spinsters (single ladies). I am 
almost certain that you are but a 
deceiver. 

B. Kvankam mi bone konas 
vian nomon kaj adreson, mi 
ankorau ne intenoas skribi al 
vi. Li estas honorulo, tre rica, 
sed ne tro felida. Li prenis la 
^ilon kaj pesis la kupron. 
Gi pezis nur dek du fontojn. 
La orfino ridetis,. kvazau 
volas pla£i al mi. La babilulo 
tuj denove ekparolis pri nedla; 
mi auskultis dum iom da tempo, 
kaj tiam ne volis audi plu. Jen 
estas gladilo por gladi, kaj 
l^losilo por ^od la pordon. La 
fosilo kaj la hakilo estas treege 
utilaj iloj. 
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SECTION I. ACCIDENCE 

Irregular Noune. The following are the 
most frequently used irregular nouns : 

I . dvifip (6), man ; voc* dvep^ acc. (kvbpa^ gen* 
dvBpdSf oat. ^ dvBpd^i. 

2 * yd\a {t6), milk ; gen. ydXaKrotf etc. 

3 . y6vv (t6)^ knee ; gen, ydyaros^ etc. 

4 . ywiff {■}}), wife, woman; voc, yijyaif acc. 
ywaiKUy gen, ywa^Kbi ; doi. pL yvvaiki- 

6 . B6pv (t« 5 ), spear ; ddparoi, Bbpari or Bopl ; pL 
Bdparay dopdrcjy, dbpaffi. 

6 . ZeiJy, Zeus, Jupiter ; voc. ZcO, acc. Ala, gen. 
A( 6 y, dot. AU, 

7 . Bpi^ {ii), hair ; gen. rpixbi ; dot. pi. Bpi^L. 

8 . Kbiav ( 6 , ri), dog ; gen, /cvyds ; dat. pi. Kval. 

9 . fidpTvi ( 6 , ii), witness ; gen. ixdprvpo ^ ; dat, pi. 

fidpTim. 

10 . oBs (t6), ear ; wriJs, urrl ; pi, Srra, Cbruv, ihal. 

II . vvp (r6), fire ; wp6$, wpl : pi. Tvpd (watch- 
fires), wpvjv, irvpois, 

12 . iidtop (r(i), water ; gen. lidaroi ; dat, pi. liBairi. 

13 . vidi ( 6 ), son, is declined both regularly 
like \6yos, and as a noun of the third declen- 
sion, vUos, vUi ; pi, uiety, vleis, vUtav, vU<ri, 

14 . x^lp {‘h)i hand ; gen. j 

Comparison of Adjectiwes. I. The 

Usual Way, -repos, -raros. Most adjectives 
form the comparative by adding repos, and 
the superlative by adding raros to the stem : 
Positive Comparative Superlative 

Betvbs, terrible Beipdrepos Setv^aros 

yXvKbs, sweet yXvK&repos yXvKvraros 

fUXas, black pLcXdvrepos fxeXdvraros 

dXrjB'i^Sf true dXrfBlarepos dXrjBlararos 

Note 1 . The comparative and superlative are 
declined regularly — e.g., 5 e(i/< 5 repos, -a, -ov ; 
$et»'<iraros, -17, - op . 

Note 2 . Stems in 0 with a short penult (that 
is, with the last syllable but one short) change 
0 into « before -repos and -raros — as, 

ao(p6s, wise aortniiTepo^ <ro<^wraros 
except when the penultimate (t.e., last but one) 
vowel is followed by a mute and a liquid — as, 
mKpbs, bitter irocp<irepos TrLKp&raroi 

Note 3 , fiiaos, middle ; f<ros, equal ; rXrfalos, 
near ; and ijavxoi, quiet ; drop the os and add 
alrepos and alraros — as, taos, Icralrepos, laalraros. 

Note 4 . Adjectives in oi»s (contracted for 00 s) 
form their comparison as follows : AttXoOs, 
simple ; AirXoiJarepos (for dirXoiarepos), ATrXoiVraros. 

Note 6 . Adjectives in tap add iarepos and 
^o'raros to the stem — as, ebBaLynap, blessed ; e^dai- 
lioplcrrepor, ebdaLfjLOPlaraTOS. 

Note 6 . Adjectives in ets form their com- 
parison as though from a stem ending in es — 
as, graceful : x^P^^^^^tos. 

11. The Less Usual Way, -t<rros. Some 
adjectives in vs and pos form their comparison by 
changing the termination into iwp and taros — os, 

aiaxpdSf base aCcrx^rros 

txB^s, hostile Ix^Uop ix^taros 

ilBbs, sweet TiBliaP ilBtaros 

raxin, swift { } Tdx«rro. 


Note. Comparatives in mp are declined thus : 
Singtdar 


N., 

V. 

Masc. A Fern, 
ijBlurp 

Neuter 

ijSiop 

A, 


ilBlopa or ijBlii) 

ijBiop 

0, 


ijSloPos 

ilBLopos 

D, 


riBlopt 

ilBlopi 

N„ 

F., A. 

Dual 

ifSlope 

ijBlope 

G,. 

D, 

ijBibpoip 

TfBibPOtP 

N„ 

V. 

Plural 
ijBlopes or tjBLovs 

TjBlopa or ijBittf 

A. 


ijBlopas or ijBlovs 

ilBlopa or i)BLu> 

0, 


i)BL6p(j)p 

riBibpcjp 

D, 


i)SloaL 

r)BLoat 


III. Irregular Comparison. Tlie following 
adjectives are irregular : 


dyaBbs, good 

dpelojp, better 

Aptaros, best 


^eXTluip „ 

{HXtuttos ,, 


Kpeiaatop „ 

KpdTiaros ,, 


X(pb)P ,, 

X<p<rros , , 


dfielpup ,, 

— 

dXyeiPos, painful 

dXylwp 

AXytaros 

Apiraf, robbing 

dpvaylarepos 

dpTayLararos 

yepaiis, old 

KUKbs, bad 

yepalrepos 

yepalraros 

KaKloiP, worse 

kAkicttos 


Xfipwj/ „ 

XelpuTTOs 


i^aaujp ,, 

(ijKLO-TOs) 


(lit. less) 


KaXbs, beautiful 

KOXXIUP 

KdXXlffTOt 

fidKap, happy 

pLUKaprepos 

jaaKdpTaros 

fjLaKpbs, long 

fidaaup 

pLiflKiaros 

fjUyas, great 

ftell’utp 

fi^yiarof 

fUKpbs, small 

fiiKpbrepos 

pLiKpbraros 


iXdaaup, less 

cXdxiaros 


(i^eliav ,, 

> /jtciaros) 


^cct6repos 

ficibraros 

bXLyos, little, few 

— 

bXlyiffTos 

iraXaifis, old 

traXalrtpos 

iraXalraTos 

T^pris, poor 

rrepbarepos 

irepiaraTos 

TT^TTwv, ripe 

vevalrepos 

veiralraros 

iroXvs, much 

TrXelwp \ 
irXlojp f 

irXeiaros 

^$(os, easy 
tplXos, dear 

Inj^ufp 

l>iaTos 

^rlXrepos 

tplXraros 


tpiXalrepos 

(piXairaros 


tpiXibrepos 

0iXcvraros 

yj/evB'fis, false 

— 

xj/evBiaTaTos 


Note. Comparatives and superlatives are 
occasionally formed from nouns and pronouns — 
as, KXhrrrjs, thief : KXeirrlarepos, KXeTrrlararos ; 
Kbwp, dog ; KbPTepos, more impudent, Kbvraros ; 
aMs, self : airr&raTos, his very self. 

Adverbs* The regular adverbial ending in 
Greek is ws, and an adverb can be formed from an 
adjective by changing the p of the genitive plural 
into s^ — thus, aoffrbs, wise, (gen. pi. ao<f»wp), adverb 
(TotfHas, wisely ; ^evB'ffs, false, adverb xf/evBQs ; iras, 
whole, (gen, pi. rrdprtap), adverb rdprcjs, wholly. 

The neuter accusative of an adjective, singular 
or plural, is often used as an adverb — as, iroX(/, 
much ; j^Btop, easily ; p.^a or p.€ydXa, greatly. 

The Comparison of Adverbs. The 
comparative of an adverb is the accusative 
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neuter ainfivlar of the comparative of the 
corresponding adjective, and the superlative of 
an adverb is the accusative neuter flural of the 
superlative of the corresponding adjective — ^as, 
deivC^y terrible deiP&repov deiv&rara 

dXyfdut , truly iXtfdifrrtpov dX - i/jOiarara 

aicrxfMi , basely atax^oy a?<rx«<rra 

Xo . piivTU>if gracefully x®P‘^vrara 

Note. Avw, above, makes dvorripUf dyurdrcj ; 
/udXa, much, very, makes fidWop , udXurra . 
fxaXXov is very common in Greek, and means 
rather ; pAXurra means mod of alU especially . 

Numerals 

Cardinal Ordinal 

cly, /4ia, one irpuTOSf first 



M.dtF. 

N. 

M.dbF, 

N. 

N, 

rpels 

rpla 

rifftrapet 

ritraapa 

A. 

rpeis 

rpla 

riffffapas 

riarapa 

0. 

rpiCtP 


reffffdpiap 


D. 

rptat 


riffffapcri 



1 . 

2 . 

3. 

4. 
6 . 
6 . 

7. 

8. 

9. 

10 . 

11 . 

12 . 

13. 

14. 

16. 

16. 

17. 

18. 

19. 

20 . 
21 . 

25. 

30. 

40. 

60. 

60. 

70. 

80. 

90. 

100 . 

200 . 

300. 

1 , 000 . 

2 , 000 . 

3,000. 

10 , 000 . 


di ' fo , two 
TpeiSf rpla 
rta-ffapetj •a 
irivT^ 

evrd 

Sktu) 

ivvia, 

St/ca 

fpdeKa 

ddjdcKa 

TpLffKaLdeKa 

TeaaapejKai- 

ScKa 

Tr€PT(KaLd€Ka 

iKKaldeKa 

iwraKaLdeKa 

dtcrtaKalSiKa 

ivveaKaldcKa 

elKoci 

ets Kal etKPiri , 
or clKOffiP els 


de&repos 
rplros 
rirapTos 
vipvTos 
^KTOS 

^fidopos 
6y5oos 
iparos 
d^Karos 
ipdiKaros 
d(t)64Karos 
rpKTKaiSt Karos — 

T€<r(rapaKai- — 

d^Karos 

ir€PT€KaLdi Karos — 

tKKaidiKaros — 

iirraKaid^Karos — 

dKruKaidi Karos — 

tppeaKaidtKaros — 

elKoards elKOcrdKis 
TTpCrros Kal — 

elKoarSs 


Adverbial 
dira^f once 
dls , twice 
rpisy thrice 
rerpdKis 
rrevraKis 
i^aKis 
eirraKis 
dKrdKis 
ivaKLs 
SeKCLKlS 
McKaKis 
dwdeKOLKLS 


Like els are declined its compounds oOdels and 
prjdels, no one, none — as, pi)delsf psidefUa^ pridipy etc. 

SECTION II. SYNTAX 

Rule 1. Comparatives in Greek are followed 
by the genitive of the thing compared — as, 
6 ijXids iari peli’up rijs creXi^viyf, The sun is larger 
than the moon ; irop^pla dd<r<rop dapdrov rpixa^ 
Wickedness runs faster than death. It would 
however be equally good Greek to translate lihan 
by ff, and then the noun following ^ would be 
in the same case as the noun preceding — as, 
rb dXiffd^s del peitdp iarip ij rb xpevdis^ Truth is 
always greater than falsehood ; <t>iXw rovrop rbp 
vaida pdXXop ij iKelprjp r^p Kbpr^p^ I love this boy 
more than that girl. 

Rule 2. The comparative and superlative 
may refer sometimes to a single subject — as, 
yeXoibrepdp iarip eitreip, it is somewhat ridiculous 
to say ; KaXXLarsj ywij, a very beautiful woman. 

SECTION III. TRANSLATION. 

Vocabulary 

deiPOSf % 6 p, terrible to npeOpa, aros, breath 
<plXtos, a, OP, friendly spirit (cf. pneumatic) 

^xw, I have 6ri, because (dri also = 

V ^PX^iy beginning that, conjunction), 

irpds, near, witli (go- if ^aa-iXela, kingdom 
verns accusative) 6 obpapbs, heaven (cf. 

paKdptos, a, op, blessed, Uranus) 

happy <rc6(*w, I save (future 

vTuxds, cringing, poor adlxTu) 

Translate into English ; i. b 0 apar 6 s itrri 
deipbs rots KaKols. 2. ol dUaioi ^trap <plXioi rots 
Tbpriffip. 5. oi "KXXiyvcs otuk txowri adtpovs Tjyefjtbpas. 
4. ip dpxv 0 Xdyos, Kal 0 Xdyos ^p irpbs rbp Bebp, 
Kal ’6c6s ^p 6 Xdyos. 5. 6 ^.epoipwp ijp (rrparyiybs ru)P 
'EXXiJj'Wv. 6. fJtaKdpioL {elai) ol irrwxoi rtp irpedfiarf 
bn adrQp (= of them — t.c., theirs) iarip ri ^artXela 
rSfP ovpapQp. 7. ol votpipes Oavpdiovai r^p x^^^^ 

Tip (Tiberopep r^p warplda ix woXifiov. 

9. eltrlp dXlyoi irorapol ip rj 'BXXd^t. 10. t& Yiip<ra, 
ixeii rd rod dyyiXov derrfi ip rtp Kaptp. (Note the 
order of the words : rd agrees with d<rra, and 
rod with dyyiXov ; but Greek says “ the of the 
messenger bones,” not “the bones of the 
messenger.”) 

Note that Greek uses the article with abstract 
nouns — e,g., b Qdparos, death, in sentence No. 1 
above ; also frequently with proper names — as, 
d 'S,epo(pu)p, Xenophon, in sentence No. 5. 

Key to Exercise VI. 

I. oi ptdrpaxol irore v pi cruets isrefxxpap M rbp Ala 
Kal iry)(rap paaiXia abrois srapoaxetr. 2. d Zeds 
^dXop els r^p XliJtPVfP iftpixpep. 3. ol fidrpaxoi <pd^(p 
iavTobs els rd rijs XlpLPris ^d$ri ippnrrop. 4. 4XX' ws 
dKlpijTOP fjp rb ^dXoi>, rax^ws adroO Karetppdpovp Kal 
Mmiop rodrop rbp fiaeriXia dpd^iop elpai. 5. ^T^aap 
rbp Ala dXXov fioirtXia, 6. iXeye " bfxeis tore /iwpol,” 
Kal ddpap (literally : a hydra) adroU iirep.ypep d0’ ^s 
KartiaBlopro. 

^ Continued 

Noth. The next instalment of the ’Spanish course appears in Part 42 of the Self-Educator. 
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rripre Kal etKoai , trip.irros Kal 
or elKO<n sripre elKoarbs 
rptOLKOPra 


refftrapaKOPra 

wevrriKOPTa 

i^-^KOpra 

iftdop'fiKOPra 

dydo^iKOPra 

ipepifKOPra 

eKarbp 


rpiaKoaros rpiaKOPraKis 

reacrapaKOffrds recraapaKOP^ 
raKis 

irePTrjKoa'Tds ireprrjKOPrdKis 
i^rjKoards i^yjKOPraKis 

i^do/xrfKOirrds i^dofjLrjKOPraKis 
dydorfKooTos dydorjKOPrdKis 


ipePTfKoards 
iKaroards 

diaKbaioL , -atp -a dtaKOCtoorrds 
TpiaKbiTioi , etc. TpiaKoaiocrrds 
XlXtot 

diaxlhioi diirxtXiOirrds 

TpKTxlXioi TptaxiXioo’rds 

/bidpioi fivptocrros 

Notes. 1. The cardinal numbers from 6 to 
100 (both inclusive) are indeclinable. Cardinals 
above 100 (such as 200, 300, etc.) and all the 
ordinals are declined like regular adjectives 
in os. 

2. The drst four cardinals are thus declined : 


ipePTfKOPrdKis 

iKoroprdKLS 

dtaKoatdKts 

XiXtdKts 


ptvptdKts 



M. 

F. 

N. 



N, 

eXs 

pXa 

ip 



A. 

ipa 

piap 

ip 

N„ A. 

ddo 

Q. 

epds 

fuds 

Ms 

G.,D, 

. dvotp 

D. 

epl 


ipi 
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Group 28 

NATURE & USES OF COAL-TAR DYES dyeing 

How Artificial Dyes are Manufactured. Their 

Nomenclature, Classification and Industrial Uses contiimed froi, 

pUKe SIMM 


By HERBERT ROBSON 


f^OAIi-TAR is a very complex body, containing 
^ a great number of hydrocarbons, phenols, 
bases, etc. This is the great source of the artificial 
colouring matters, although jretroleuni residues 
are also used to a less extent. The tar is first 
submitted to fractional distillation, the fractions 
being as follow : 

..tollO^C. 

110° C. to 210° C. 


First runnings 
Light oils 
Carbolic oils 
Oeosote oils 
Anthracene oils 


210° C. to 240° C. 
240° a to 270° C. 
270° C. to 400° C. 


The bodies }^assing over from the retort to the 
receiver between the indicated temperatures are 
kept separate, and by further and more minute 
fractional distillation and working up the raw 
products of coal-tar, coltmr materials are obtained. 
These are benzene, toluene, xylene, naphthalene, 
anthracene, phenol and crcsol. 

From these are obtained the “ intermediate 
products,” These are : nitro compounds, as, for 
instance, nitrobenzene ; sulphonic acids of hydro- 
carbons ; primary amines and their sulphonic 
acids ; i)henols, etc. For instance, nitrobenzene 
is prepared by the action of nitric acid on benzene, 
and aniline is prepared from this by reduction 
with iron and hydrochloric acid. 

Synthetic Dyes. As it is impossible to 
devote sufficient space to give more than a vague 
idea of the methods of the colour manufacture we 
will take one or two examples of synthetic dyes and 
show the manner in which they are built up. 

Aniline, in the early days of the industry, was 
never obtained free from an admixture of toluidine, 
and the famous colour magenta or fuchsine was 
obtained from this intermediate product by oxida- 
tion with arsenic acid. 

The way in which artificial alizarin was discovered 
furnishes a good example. A body to which 
formula was assigned was found to exist 

in madder and to this the name alizarin was given. 
Later a hydrocarbon with the formula C 14 H, 
was obtained from this, which proved to be identical 
with anthracene. The attempt, therefore, was 
made to oxidise anthracene, with a view to obtain 
artificial alizarin and by treating it with chi'omic 
acid, anthraquinono (C 14 H 8 O 8 ) was obtained. This 
was acted upon by bromine, and the product, on 
fusion with caustic potash, yielded potassium 
bromide and alizarin. This was too expensive a 
method and the process was quickly simplified. 
It is given here simply os a mode of working. 

Many artificial dyestuffs are prepared by com- 
bining aniline or its derivatives with various 
bodies. For instance, Wool Yellow is made in this 
way with aniline and fustic, Alizarine Yellow by 
combining naranitraniline and sfdicylic acid. 
The nitro colours are made by treating the long 
series of intermediate products with nitric acid; 
for instance, picric acid is prepared by the action of 
nitric acid uwn phenol and Aurantia by the action 
of nitric acid upon diphenylamine. 

Cachou de Laval, the first sulphur dye, was made 
by fusing sawdust with sodium sulphide, but it 

1 1 O »7 


was not until the sulphur colours camo.into the 
category of coal-tar dyes that they found favour 
with the dyer. Vidal prepared Vidal Black in 
1893 by fusing para-amido-phenol with sulphur 
and sodium sulphide at about 200° C. He was 
the first, also, to recognise the importance of the 
presence of nitrogen in the coal-tar derivative used 
for “ melt,” as it is called. He found that the 
diphenylamine and its derivatives gave sulphur 
dyes a t lower temperatures than the amidojihenol — 
namely, at temperatures varying from 150° C. to 
180° C. Among the results of this discovery we may 
mention Immedial Black, which is prepared by 
fusing paraoxy-ortho-para-di-nitro-di-phenyl-amine 
with sulphur and sodium sulphide. Thiocatchines 
are made from the diamines. Clayton Black is pre- 
pared by treating nitrosophonol with acid solutions 
of thiosulphates. The Kryogenes are prepared 
from dinitronaphthalene. An enormous amount 
of work has been done in this direction and is still 
proceeding, and the methods of manufacture arc 
both numerous and complicated. They are at 
present entirely empirical, as hardly anything is 
known either of the composition of the sulphur dyes 
or of the chemical reactions concerned in their 
formation. The general principles on which 
their preparation depends will, nevertheless, be 
easily gathered from a perusal of this paragraph. 
When we consider the enormous number of the 
coal-tar derivatives and the fact that practically 
all of them which have been tested have given 
some result, whether valuable or the reverse, on 
fusion with sodium sulphide, we can easily ap- 
preciate the difficulties of the investigation. 

Dictionaries of artificial dyes, such as those of 
Hurst, of Green, and of liawson, Gardner and 
Laycock, give the chemical and commercial name, 
and as far as possible the method of preparation 
of each dyestull. 

Nomenclature of Dyestuffs. An aniline 
was the first coal-tar dye discovered, and since 
the days of Perkin’s Mauve the British public 
have spoken of all' artificial dyes as anilines. 
The alizarines, however, are not anilines, and the 
discovery of this large group was very early in the 
history of coal-tar dyes. The first sulphur colour 
was not even a coal-tar dye, and petroleum residues 
are used in some places (Russia, for instance) in 
place of coal-tar as a raw material. The correct 
term, therefore, unless we are speaking 8 |)ecifically 
of an aniline, is “ artificial organic colouring 
matter,” which completely fills the field. 

Artificial dyes, to content ourselves with a shorter 
term, are definite chemical substances, but the 
makers for good and sufficient reason put them on 
the market under a commercial or “ trivial ” name. 
It is obvious that it is easier for the dyer to ask for 
Bismarck Brown than for hydrochloride of benzene- 
diazo-phenylene-diamine, and this is simplicity itself 
as com oared with tlio chemical names of some 
of the ayestuffs. The only inconvenienoe is that 
the same dyestuff is often on the market under a 
variety of names. That already instanced was 
nailed Bismarck Brown for obvious complimentary 
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re«»sonB by its German discoverer, Manchester 
Brown by the Manchester firm who improved the 
method of manufacture, English Brown possibly 
by way of protest, Phenylene ^ Brown from its 
composition, Leather Brown when it was found 
to bo very suitable for that material, and Cinnamon 
Brown because of the rich reddish-brown shade it 
gives. 

As a rule the commercial name suggests the 
colour produced by the dyestuff (Diamond Yellow), 
and in some cases the j^articular tone or tint (Tur- 
quoise Blue). It frequently gives an indication of 
the chemical origin of the dyestuff (Resorcin Brown), 
or claims special properties of resistance (Milling 
Yellow), or, as in the case of Night Blue, of remaining 
unchanged in an artificial light. Very frequently 
the recommended use is indicated — as, for instance, 
Wool Scarlet, Union Black, Cotton Blue; or the 
way in which it is to be used — as, for instance. 
Chrome Green, Spirit Blue. 

Names Indicating Colour, The names 
indicating colour have been taken from all 
sources. From flowers we get Primuline, Rhoda- 
mine and Rosophenin. from the Greek and Latin 
respt^ciively for a rose, Mimosa, and others. A 
number of dyes commence with a Greek or 
T^atin name meaning or suggesting a colour : 
Chrysamine, Chrysoidine, Auramino (golden), Cit- 
ronine (lemon), Cyanol, Cyanine (blue), Eosine, 
Eosamine (eos, the blush of dawn), Flavine (yellow), 
Irisamino (ms, the rainbow), Nigrosine (black), 
Pyramine (fiery). Chlorine (yellow), and others. 
Uranine comes from uranium, whose corajx>unds 
show fluorescence, now said to be due to radium, 
and Fluorescent Blue and Fluoresceine convey the 
same idea of a changing colour effect. Some 
names are frankly popular and topical — as, for in- 
stance, Magdala Red, Congo Red, Cuinca Green ; 
and others, as in the case of Perkin’s Mauve and 
Meldola Blue commouionite the discoverer. 

The letters following the names are not mean- 
ingless; as a rule they indicate the jmrticnlar 
tint, thus Brilliant Congo R gives a frank red, 
while Brilliant Congo G (f/e/b, German, yellow) has 
a yellowish tinge. The degree is shown, as in the 
case of the Benzopiirpurines, which are sent out 
in four “ brands ranging from B, a slightly 
bluish red, through 4B and OB to lOB, a very 
bluish red. 

Bancroft first called the direct natural dyestuffs 
“ substantive,” and those rorpiiring a mordant 
“ adjective ” colours, and the names are applied 
in the same connection to the artificial dyes. 

Classification. Classification is essential 
in the consideration of any subject, but with the 
artificial dyes, as with all other great groups, the 
sub-classification is difficult, and, on whatever 
rinciplo we proceed, is only a makeshift at the 
eat, though a necessary one. In classifying the 
artificial dyes wo may consider their chemical 
composition, their method of ax)plication, or their 
effects upon different textiles. It seems best f-o 
arrange them with some reference to all these points, 
and we propose to make six main classes as follow: 

(a) Direct Cotton Colours; (b) Acid Colours; 
(c) Basie Colours ; (d) Ordinary Mordant Colours ; 
(e) Acid Mordant Colours ; (/) Insoluble Colours. 

It must, however, be noted that there are dyes 
which belong to two or even thi’ee of these classes. 

Direct Cotton Dyes. These dyes are so 
called bocanso they dye vegetable fibre without 
the assistance of a mordant. It is evideniiP;here- 
'fore, .that they dye all other textiles in the same 
way, for cotton has less affinity for dyestuffs than 


any other fibre in use for the manufacture of 
textile fabrics. With the exclusion of the sulphur 
dyes — which are not classed as direct dyes, since 
they need a 8})ecial bath, and in this course it 
seems best to take with the insoluble d3^es — the 
first direct cotton dye discovered was Congo 
(Congo Red), in 1884, by Bottiger. 

All the direct cotton dyes are soluble in water. 
The^" are compounds of various colour-acids with 
alkalis, and are, therefore, all decomposed by acids. 
Unless, then, the colour-acid set free happens to 
have the same colour as the original dye, tne shade 
produced is not fast to acids. Most of the group 
are decomposed by hard water with precipitation 
of a lake and, therefore, the water for the dyebath 
should be softened for use. The direct cotton dyes 
used directly are not very fast, as a rule, especially 
on cotton and linen, but their resistance to external 
agencies can be greatly increased by treating the 
goods in various ways after dyeing. Sulphate of 
copper and cliromium compoiinas are largely used for 
this purpose, and a few of the direct cotton dyes (for 
instance, Primuline) can be fixed by diazotising. 

The direct cotton colours are not much in vogue 
for wool, which can be more clieaply coloured by 
means of acid dyes, but for mixtures of wool and 
cotton the direct dyes are used in a neutral bath. 

Accelerating and Retarding Agents. 

Every member of the class requires an assistant 
in the dj^ebath, either to accelerate or to retard the 
going on of the dye. For the former purpose 
Glauber’s salt or common salt is employed; for 
the latter, carbonate of soda, or even caustic soda 
or soap. It is very common to use both a retardant 
and an accelerant. Thus, in many cases the first 
part of the dyeing is done in the presence of car- 
bonate of soda, and Glauber’s salt is added to the 
bath later. Soa]) is often used with Glauber’s or 
common salt for mode shades. 

The direct cotton colours arc dyed on wool at the 
boiling point, and in a neutral or alkaline bath, 
and with the same assistants os cotton. The 
Benzopurpurincs, and .some others can be dyed in a 
bath made slightly acid with acetks acid, but even 
with these a neutral bath is preferable. For mixtures 
of wool and cotton, 2 per cent, of potash, and 10 per 
cent, of phosphate of soda make the. liest dyebath. 
The use of acids tends to make wool take a redder 
Hhadc than cotton does under the same circum- 
stances, and this prevents level dyeing of mixtures. 

In the case of silk, the dyebath is beat made 
with soap broken with 4 j)er cent, of acetic acid. 
Enter the goods at about 130° F., bring to the 
boil, and boil 45 minutes, or to shade. An after 
treatment exactly as for cotton is required if 
great fastness is a desideratum, although the direct 
cotton colours are faster on either wool or silk 
than they are on cotton. 

The direct cotton colours can be combined ad libi- 
tum in the same bath so that any possible variety 
of shade is easily procured. Whenever practicable, 
however, those dyes should be selected for mixing 
which require the same assistant. If this cannot be 
done the assistant miist be chosen with regard to the 
dye which is added in largest quantity. 

Baths of the direct cotton dyes very rarely exhaust, 
and can be kept standing, reinforcing tnem with 
more dye and Glauber’s salt, etc., when each fresh 
batch of goods h put in. The shorter the bath— that 
is, the smaller the excess of weight of the dyebath 
over that of the goods — the better the exhaustion. 
Large amounts of assistants also favour exhaustion, 
which, of course, depends besides on the affinity 
of the fabric for the dye, so that, other things being 
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equal, the bath will exhaust better with wool or silk 
than with cotton. A strong bath has the advantage, 
in the use of the direct cotton dyes, that it gives 
deeper and fuller shades. Hence it should not be 
diluted by heating it with direct steam. The heat 
should be applied with a closed coil or by moans of a 
steam jacket. It is a good plan to allow the goods 
to cool for some time before lifting them. This con- 
duces to uniformity of shade, which is to some ex- 
tent imperilled by the use of strong and short baths. 
A fair average length of bath is from 20() to 250 
gallons per 100 lb. of goods. 

One of the most important ])roportios of the 
direct cotton colours is that they act as mordants 
to the basic dyes so that very fast colours can be got 
by topping — that is, by dyeing first in a bath with 
direct dyes and then redyeing with a basic colour. 
The lakes formed, however, are decomposed at about 
100° F., so that the topping bath must bo below 
that temperature. 

The direct cotton colours are very numerous, and 
only a few examples can be quoted. They include 
the Benzo colours, Ijconhardt’s Mikado colours, 
many of Cassella’s Diamines, Ohrysamine, the Titan 
colours of Read Holliday & Sons, the Zambesi dyes 
of the Berlin Aniline Co., and many others. A large 
number of these indicate their propertv of dyeing 
uninordtanted cotton in their names — for instance 
Direct Grey, Direct Yellow, Direct Rod, and so on. 

The Dyebath. The proportion of dye 
and assistants required varies greatly, but the 
best proportions are given for each dye in the 
recipes furnished by the makers. Some, such 
as Benzoazurines, Azo Blue, etc., have to be 
dyed at the boil, while others, such as Chrysamine 
and Brilliant Yellow, must not be boiled. The 
diamines brought out by Cassella in 1889 belong 
partly to this class. Some are diazotisable colours. 
Certain diamines have the peculiarity that they 
are not fixable by metallic salts. Thus Diamine 
Blue CB has to bo diazotisod, and developed with 
beta-naphthol. In dyeing with Chrysamine, one 
of the fastest of the coal-tar dyes, no copper must 
be present in any form or the yellow colour will bo 
spoiled. There is little difference between cotton 
and wool as regards the direct cotton dyes. The 
chief point is that after treatment is not so frequently 
required in the case of wool as it is with cotton on 
account of the greater affinity for dyes in general 
possessed by the former fibre. 

As regards the after treatment, bichromate of 
potash or sulphate of copper, already alluded to in 
this connection, are the usual agents, but diazotising 
is often resorted to. In this process the goods, after 
dyeing and rinsing, pass through a bath containing 
IJ i>ef cent, to 2^ i>er cent, o? sodium nitrite and 
5 per cent, to 8 j)er cent, of hydrochloric acid. 
This bath must bo kept cold, using ice if necessary. 
Development follows with one of the numerous 
devolowrs upon the market. Beta-naphthol (1 per 
cent, dissolved in caustic soda) is perhaps the most 
commonly used developer. This diazotising process 
affords great scope for shading, and dyeing to pat- 
tern, for mixtures of azotisable and non-azotisable 
dyes, and a mixture of developers can be used on 
the principle that the final colour depends partly 
upon the developer. Care must be taken, however, 
not to use together a developer requiring an acid 
liquid and one needing the presence of free alkali. 
R^orcin, for example, which is used to fix Primulino 
and Diamine Black, like beta-naphthol, has to be 
dissolved in caustic soda, whereas some develox)ers 
require acid. 


Raaic Dyes* These are the oldest coal-tar 
dyes known, inasmuch as Perkin’s Mauve is one of 
them. Saf ranine was discovered in 1863, and Bis- 
marck Brown — the first azo dye — in 1 8(>4. In con- 
stitution the basic dyes consist of salts of colour 
bases. They are direct dyes for woollen and silk, 
and adjective dyes for cotton. Most of them are 
soluble in water, and all in spirit. A few of them, such 
as Auramine, are decomposed by hot water, and 
they should not l)e used with hard water, which pre- 
cipitates, and wastes them, as itdot^s the direct cotton 
colours. They are not remarkably fast. On cotton 
they are usually dyed on a tannin and tartar emetic 
mordant. Iron-salts are sometimes substituted 
for the antimony salt, or Turkey red oil or soap 
mxftd with acetate of alumina. If the tannin 
process is adopted a very short tannin bath at about 
170° F., and containing about 5 per cent., of tannin is 
used, although some, such as Fast Cotton Blue, re- 
quire more tannin for several hours (six at least). 
The goods then pass direct into a solution of from 

1 per cent, to 2J per cent, of tartar emetic according 
to shade. This bath is kept standing, and is 
reinforced as may l>e necessary. If difficulty is 
found in getting level shades, as occasionally happens, 
the goods should be mordanted after instead of 
before dyeing. In dyeing dark shades it is a good 
plan to use decoctions of natural tannins, such as 
sumach or galls, os the natural colouring matter 
present in the solution saves some of the artificial 
dye. Yet another method of mordanting is to dye 
first with a direct cotton colour of the same shade. 
In a few cases (as Victoria Blue) the colour is so 
stable that the fibre cannot act upon it with the 
assistance of acid. 

On wool, the basic colours are now of compara- 
tively small importance as the acid dyes nave 
supplanted them to a largo extent. The basic dyes 
are always dyed on wool in a neutral bath. Acetic 
acid is put in if the water is hard, but merely in 
sufficient quantity to soften the water and prevent : 
the lime in it from throwing down the colour base, 
whereby the shade would lie made unlcvel and spotty. 
Too much acetic acid retards the exhaustion of the 
bath. Glauber’s salt is sometimes used. Silk is 
dyed in a neutral bath, os a rule, but it may 
be slightly alkaline or acid without disadvantage. 
As is usual in silk dyeing, a soap bath is commonly 
employed. The goods are entered lukewarm, and 
the bath is gradually heated to about 200® F., 
at which temperature the dyeing is finished. The 
basic dyes are faster on sfik than on cotton or wool. 

Among the chief basic dyes may lie mentioned 
iSafranine, Auramine, Cassella’s Thioflavine, Nile 
Blue (B.A. and S.F.), Turquoise Blue (Bayer), 
Phosphine (Brook, Simpson & Spillcr), the 
Hoeenst Indamines, the Indulines, and others. 
The Hoechst Janus dyes belong to this group. 
They were introduced "in 1897, and ar*i azo dyes 
which are remarkable for dyeing cotton, wool and 
silk direct from acid baths. A typical recipe for 
these dyes is 1 per cent, to 3 per cent, of dye, 

2 per cent, of sulphuric acid, and 5 per cent, to 
20 per cent, of Glauber’s salt. 

Acid Dyes. These are salts, and the colour 
has to be liberated by the addition of acid to 
the bath. In the case of wool the fibre may be 
soured before entering the bath. An average 
recipe for wool is : dye-stuff, J per cent, to 
6 per cent. ; Glauber’s salt, 10 per cent., sul- 
huric acid, 4 jier cent. Enter hot, raise to the 
oil, and boil from an hour to an hour and a half. 
Their first representatives were Fluoresccine, and 
its bromine-derivative, Eosine, both discovered in 
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J874. When first put on the market by Bayer steamed. They are then dyed with from 5 |)er cent, 

and Caro, Eosine was sold at £18 per pound. The to 20 per cent, of dye and a little acetic acid if the 

Acid Rhodamines were discovered by Ceresole in water is hard. They are entered cold, and the 

1888. The acid dyes are mostly soluble in hot bath is very slowly heated to nearly boiling and 

water. They can be dyed on cotton with the kept at that temjierature until exhausted. The 

ordinary mordants, but they are not much used. goods are wrung, rinsed, and dried, and mordanted 

From i per cent, to 4 per cent, of dye is required. in a fresh bath, the mordant being selected according 

The acid dyes have less tinctorial power than the to the colour wanted. If the mordanting is to 

basic dyes. The average amount of dye needed precede the dyeing, the metal must be fixed on the 
may be put at 3 per cent. fibre by a bath intercalated between the mordant- 

On silt, the acid colours are used exactly like the ing and the dyeing baths. One method is, after 

basic, except that the baths are usually made more treatment with Turkey rod oil, to wring the goods, 
acid and that lower temperatures (say, 140^ F.) and then dry them at a moderate heat (about 

are employed to check any tendency to want of 130® F.). They are then given several hours in a 

uniformity. Silk has little affinity for the acid dyes. bath of basic sulphate of alumina made by dissolving 

It is as substantive dyes for wool that the acid dyes alum in hot water and adding crystals of carbonate 

find their chief application. The wool scarlets of of soda when cold. Add 1 lb. of the crystals for 

Read Holliday & Sons, Brilliant Croceiiie (Cassclla), cverv 4 lb. of alum ; then fix the alumina in a bath 

Hose Bengal, I’artrazine (S. C. I. Basle), the Fast of chalk or phosphate of soda and dye. In this 

Yellows, Alkali Blue (Brook, Simpson, & Spillcr), process the dyebath must contain lime. 

Wool Blue (Bayer), and last, but not least, the excel- Erban and Specht were the first to dissolve the 
lent blacks of this group, such as Naphthalene Black dye in a solution of ammonia, fixing with alumina, 

(Read Holliday), Naphthol Black and Naphthyla- and this was found to he a useful yiroecss. For dark 

mine Black (C^ssella), Victoria Black (Bayer), form a shades aluininic acetate is used and converted into 

brief list of some of the moat important acid dyes. the basic insoluble form by subsequent steaming. 
Some of the dyes, such as the Chromotroyics, For light shades aluminale of soda is used. In this 

Chrome Brown, Alizarine Yellow, etc., are fixed with case the steam has to be accompanied by acetic acid 

chromium fluoride, alum, or bichromate, added to form the basic acetate. Linea is treated as cotton, 

either at the end of the dyeing to the dyebath itself. Mordant Colours on Wool. For wool 
or applied to the dyed fabric in a separate vat. A with the mordant coloiurs a common mordant- 

few acid dyes, such as Eosine and Phloxine, require ing bath is bichromate of potash, to which a 

the use of acetic instead of sulphuric acid, or the reducing acid, such as la<;tic, formic, or acetic, has 

resulting shades ar<‘ wanting in brightness. been added. The chromium is deposited on the 

Mordant Colours. This group is divided fibre as sesquioxide, and at once forms the lake 

into two classes — the ordinary mordant dyes and when the goods pass in the dyebath. About 3 per 

the acid mordant dyes. The latter behave as cent, of bichromate is used for dark shades, less for 

acid dyes after heating with a metallic salt or lighter ones. The amount of acid is rather less, 

oxidation with bichi'omate of potash and sulphuric ’With chromium fluoride, use2per cent. to4 cent., 

acid, with or without the addition of Glauber’s salt. and 1 per cent, to 2 i>or cent, of oxalic acid. When 

The ordinary mordant dyes are substances which alumina is used, the bath is made with 5 yier cent, to 

have the power of combining with the oxides of 8 |3er cent, of sulphate of alumina, or (> y)er cent, to 

various melals, forming Insoluble lakes, and the use 10 per cent, of alum and 3 f)er cent, to 8 per cent, of 

of these dyes deyiends upon the formation of the tartar. This hath should be rather long (say, forty 

lake upon the fibre. tiiqes the weight of the wool). If there is too 

The general method of the application of the acid much alumina present, the wool abs )rh8 acid as well 

mordant dyes is to mordant and then dye the as alumina, and the shades on dyeing will be deficient 

material with them at the boil with sulphuric acid in colour and fastness. If there is too little alu- 

and Glauber’s salt, and when the bath is exhausted mina the colours will be loose to rubbing. The baths 

to allow it to cool to about 150® F., when the must be absolutely free from iron or copper. Iron 

bichromate is added, the goods licing lifted the is a common impurity of alumina salts. Work the 

while. The dyeing is then resumed and continued wool in the bath — cold — for about 15 minutes. Then 

for about half an hour longer. If more than one boil up and bojl about one hour, or rather less. Then 

dye is in use, those should Ix^ chosen which require dye. Wlien iron is used, the bath is made with 3 per 

the same mordant. Among the most important of cent, to 6 ]jer cent, of ferrous sulphate, and 2 y^er 

these dyes are nlizariAe and the alizarine colours, cent, to 3 per cent, of tartar, or 1 per cent, to 
the Anthracene and Anthracite Bla<*ks, Cruinpsall IJ per cent, oxalic acid. 

Yellow (Levinstein), Alizarine Azo Yellow (Head In dyeing wool, with some colours, for instance, 
Holliday & Sons), Qirome Patent Green (Kalle), Alizarine WS, the process is different. A bath is 

and Gallanil Violet (Durand Huguenin & .Go.). made with 10 yier cent, of Glauber’s salt and the 

Mordant Processes. With the ordinary dye. After the wool has been boiled in this for 

mordant colours the ]>rocessPH may be classed half an hour it is lifted and 4 y>er cent, of sulyihuric 

ns two-bath and one-bath. In the former the acid is added to the bath. The wool is re-entered 

dye and the mordant are used in separate baths, and boiled for another half-hour. Then the iron, 

sometimes the dyeing preceding the mordanting chrome, or alumina mordant is added, and after 

and sometimes the reverse. In the one- bath process 46 minutes’ more boiling the process is finished, 

the mordant and the dye are used in the same Mordant colours are too expensive for silk, as a 
hath. The chief mordants used are various salts of rule, but when used, alumina is the chief mordant, 

iron, aluminium, and chromium. as silk is difficult to mordant with chromium. 

Olio of the most important branches of this kind Besides alizarines, this class includes some of the 
of dyeing is alizarine dyeing. To get alizarine anthracenes, such as Anthracene Brown, Flavopur- 

Turkey red on cotton various methods em- purine, Chrome Fast Yellow (Berlin), Gallollavine 

ployed. The goods are first impregnate with (B.A. & S.F.), Diamond Blacks, G allamine Blue 
oleme or, better, with Turkey red oil, dried and (Bayer), Chromocyanine (Durend Huguenin), 

Continued 
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kept in straw hives , called skeps, and when the 
honey was wanted the bees were suffocated by 
means of sulphur fumes. This cruel way of obtain- 
ing the honey is fast dying out, and the humane 
method of t^ing the honey in sections, and by 
extracting it from frames, is becoming more and 
more popular every year. The British Bee-keepers’ 
Association has fixed upon a “ standard ” frame 
f6] to contain the honey-comb in the body- box of the 
hive, the outside measurements of 
which are 14 in. long at the bottom, 

in. deep, and the top bar is 17 in. 
long, so that in almost all apiaries 
the internal dimensions of hives ore 
the same, the only variation being 
in the number of frames. 

Hives and Accessories. 

There are many different hives on 
the market, but one of the most 
serviceable of all is that known as the 

W. B. C.” [8]. A useful hive for tiering up for run 
honey is Meadows’ “ XL All.” If readers have the 
opportunity of purchasing second-hand ones, which 
can usually be bought at a material reduction in price, 
hives by any of tlie following makers, amongst 
others, may be safely purchased : Lee, Blow (now 
Taylor), Abbott, Meadows, and Neighbour, tho^o 
by" the last-mentioned being now sold by Abbott. 
But an assurance should in all cases be obtained 
from the seller that diseased bees have not been 
kept in them. Even with this guarantee, the 
hives ought to, be thoroughly cleansed by being 
well scrubbed with hot soapy water, and, when 
dried, T)airlted with a solution of one part of 
Calvert 8 No. 5 carbolic acid to two parts of water. 
After being exposed to the air the smell will 
disappear, and the hives will be ready for 
occupation. 

When a hive is purchased new, the following 
accessories must be obtained with it : one dozen 
standard frames fitted with full sheets of brood - 
foundation wired ^ W. B. C. ends for each frame; 
a division board ; a square of coarse calico, some 
quilts, a smoker, a veil, a feeding bottle, and a 
rack of sections containing full sheets of founda- 
tion. The.se will cost from 2G.s. to 35s., according 
to the quality of the hive. 

In arranging an apiary it will be found a con- 
venience to work hives in pairs, instead of having 
them spaced varying distances apart, and as far 
as possible the roofs, lifts, and 
floorboards should be interchange- 
able. As hives are best examined 
from the rear, or from the right- 
hand side, care must be taken 
that stocks in the rear are not 
so near as to cause the operator 
to be within the line of flight of 
the bees. Advantage should lie 
taken of the shade which is 
provided by large trees, for in 
the summer time the glaring sun 
upon the hives is a frequent 
cause of swarming. 

Hiving the Swarm. When 
the swarm arrives, prepare the hive for its re- 
ception by taking off the roof and quilts, and 
removing the division board with some of the 
frames of foundation, leaving in half a dozen 
spread out an equal distance apart. Put on the 
top of the frames the sheet of calico, makini^ hole 
2 in. in diameter in the centre ; then plaoeWrer it 
the feeding bottle containing syrup made of 6 lb. 
of loaf sugar (preferably Tate’s No. 1), pints of 


water, 5 toaspoonfuls of vinegar, and a heaped 
icaspoonful of salt, boiled in an enamelled saucepan 
for three minutes, care being taken that the syrup 
does not bum. On the top of all put the woollen 
wraps, then replace the lid of the hive. Prop up the 
body- box in front an inch; then, from the alighting 
board of the hive to the ground put a boara 2 ft. 
wide, for the bees to run up into the hive, since 
bees always crawl up, never down. Prepare 
the smoker by rolling a piece of 
cotton rag and lighting one end. 
Having removed the nozzle, put 
in the smouldering rag, and work 
the bellows with the replaced nozzle 
pointing upwards until smoke 
comes out freely. 

Ciiref ully unscrew the lid of the box 
containing the swarm; then put on 
the veil, tucking it well inside the 
coat all round. Slowly lift the 
lid of the box, and with a jerk throw the bees 
adhering to it on to the slanting board. Put the 
lid aside and lift up the box of bees ; then throw 
them out amongst the others with another sharp 
jerk. Now, take up a position by the Aide of the 
hive, with the smoxer in the right hand, and if 
the bees do not at once enter the hive, give a puff 
or two of smoke, or throw some towards the 
entrance. It is most likely, however, that the bees 
will set up a pleasant hum, and at once proceed 
ti) enter their future home. A careful watch for 
the queen should be kept, for once she has entered 
the hive the bee-keeper need trouble no further 
for that day. Next morning if the weather is 
fine and warm, light the snioker and give a few 
puffs into the entrance of the hive, then in two or 
tlirec minutes remove the roof. Gently lift off 
the woollen wraps, take away the empty feeder, 
give a puff of smoke over the hole to send any bees 
down, and gently peel off the calico, giving a few 
puffs of smoko as you do this. The bees will be 
found clustering on the frames, and if any are not 
well covered with bees they may be removed, the 
bees being shaken off first, if the bees are too 
crowded, a frame or two more may be added. 
The hive should be left alone for a few days, feeding 
to be continued if honey is not coming in freely. 
When next examined, several of the sheets of 
foundation will be found converted into combs, 
some containing a large number of eggs, if the 
queen was hived safely. 

Stings. The only objection to 
bee-keeping is the risk of stings 
being received ; yet the liability 
of being sturg, and the pain 
resulting therefrom, have been 
greatly exaggerated. Frequently 
hive after hive can be examined 
without a single sting being re- 
ceived, but accidentally kicking 
a hive, jerking the frames, 
hurriedly drawing the hand 
away, or breathing upon the bees 
I KjaijLat will frequently irritate them. 

When manipulating hives, all 
movements should be deliberate and gentle, and 
the smoker or carbolic cloth ought to be used 
until perfect confidence has been gained. The 
simplest thing to do when stung is to scrape out 
the sting with the finger-nail, care being taken 
not to pinch it with the fingers, for this sends 
more of the poison into the wound, then to apply 
a few drops of solution of >potash, or of diluted 
liquid ammonia. 
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Reference haa already been mode to the use of 
the smoker for controlling bees, but carbolic acid 
is another most useful and rhcaj) quieter. A carbolic 
cloth is made by cutting a piece of calico to the size 
of the top of the bodj’-l>ox, then sprinkling over it a 
solution of carbolic acid, one part of Calvert’s No. 5 
to three parts of water. The cloth should be rolled 
up and kept in a closely-fitting tin box ; and when 
it is appll^ to the top of the frames for a few mo- 
ments it will send the bees down between the combs. 

Swarmingt and the Fight of Rival 
Queens. The reason for swarms issuing has already 
been given. Let us see what takes place in a hive 
about the month of Juno, as this will help us to 
understand what artificial swarming means. When 
a hive is crowded with bees and brood, the bees 
pre])are sjx^cial cells for the <]ueen to lay those eggs 
in which are to produce queens. These cells are a 
sure sign of a swarm being about to issue, and a 
further sign is when clusters hang about the entrance. 
When the queen cells have been sealed over, most of 
the flying bees fill themselves with honey, and some 
time after nine o’clock in the morning they pour 
out of the hive with the old queen, leaving the young 
bees to car© for the remaining unsealed larva*. 

If by accident there should bo two queens in 
a hive they fight for supremacy, the victor stinging 
her rival to death. When one of the queens hatches 
out of the cell she makes an effort to destroy 
rivals in other queen cells. If the hive is very 
strong the bees may prevent her doing so, in which 
case she often makes a piping soimd, and the next 
day, if fine, she leaves the hive with most of the flying 
bees, these being called a “ cast,” not a “ swarm.” 
The same may happen when other queens hatch out, 
thus weakening the hive ; in order to prevent this, 
after the swarm has issued, each frame of brood 
must be carefully examined and the point of a 
penknife stuck through each queen cell with the 
exception of the largest and best sha]Xfd. If other 
hives are queenless, the (|ueen cel’s may be cut out 
and inserted between the frames of these hives, 
taking care that the cells hang downwards where 
the bees are most crowded. 

Taking and Making Swarms. 8warms 
should be taken late in the afternoon, though if 
the sun is shining upon the bees in the daytime, 
a temjK)rary shade must bo rigged up. The taking 
of a swarm is quite a simple affair. Place underneath 
it a largo skep to receive the bees, then give one 
sudden jerk to the branch on which the swarm hangs, 
when most of the bees will drop in, and it is practically 
certain that the queen will l>e with them. If many 
fall about the ground, put the skep in its usual fxisi- 
tion on the ground, but propped up an inch on one 
side, when all the bees will go inside and cluster from 
the roof of the skep. 

It is possible to make an artiflcial swarm. When 
the hive is crowded with bees from end to end, 
lift it to a new stand, and in its place put a 
fresh hive containing five frames of brood 
foundation wired, or five empty combs, leaving 
a space in the centre for a comb of brood and 
bee^<, on which must be the queen, to be ttikon from 
the old hive. Contract the size of this new hivo 
by using a division board, and put woollen wraps 
on the top of the frames. These ojKsrations must be 
carried out in the middle of a lino day, when the 
bees are flying freely, and if honey is not coming 
in the swarm should, be fed with several pounds of 
Bjrrup. The bees that leave the old hive to gather 
honey and pollen will return to their old stand, and 
oonsoquently enter the new hive, thus forming, with 
the old (^ueen, the swarm. The young bees in the 


old stock soon become foragers, and large numbers 
of bees hatch out daily. This plan of artificial 
swarming saves much anxiety and waste of time 
in waiting for swarms to come off. 

The Time to Begin Bee-keeping. The 
most satisfactory time to begin bee-keeping is 
before the honey* flow, say early in May, for 
the return of honey is most encouraging to the 
beginner, and serves to counterbalance the pain 
and inconvenience caused by stings. If a swarm 
and a new hive are purchased at that time there 
is every prospect of a fair start being made with- 
out the inroad of disease ; and if a stock with a 
young queen be purchased in the spring, it will be 
sure to give a good return of honey, provided the 
season and district prove favourable. But the 
cheapest way to commence bee-keeping is to buy 
driven bees in the autumn, when they can bo 
bought for from Is. 3d., or oven less, to Is. Gd. per lb. 
os Against 28. Gd. or more charged in May and J une. 
As no honey is coming in then, the bees have 
to be fed freely, from 35 I b. to 40 lb. of syrup being 
given to 5 lb. of bees, if frames of foundation are 
provided. If empty combs are available, from 25 to 
30 lb. of the S3rrup will be suffioient. 

How to Obtain a Good Return of 
Honey. When left to their own devices, bees 
raise numbers of drones; and the more drones 
there are in a hive, the fewer will be the worker 
l)ees to gather honey, and the greater the amount 
of stores consumed. By the use of foundation, 
bees can be com|>elled to draw it out into combs 
in which workers will be raised. If left to them- 
selves, stocks of bees may i>ersiBtrntly swarm, 
with the result that there is a reduction in the 
amount of honey gathered, for weak stocks will 
not store surplus honey. If, however, such stocks 
are joined together, and are headed by a young 
queen, they will gather enough for their winter 
supply and a fair surplus in addition. Bee- 
keepers should remember that it is a far wiser 
policy to have three strong stocks than a dozen 
weak ones, because a strong stock will gather 
from 20 lb. t-o GO lb. of sur})luH honey, or even 
more, according to the season and the district^ 
whereas a weak one will gather only sufficient for 
its own consumption, leaving no surplus. 

Honey is disposed of and eaten in two states — 
in sections (comb honey), and extracted from the 
comb (run honey). As the bees have to build the 
combs in sections, whereas in the case of extracted 
honey the combs can be used time after time, 
becoming stronger and more serviceable with age, 
it is evident that more run honey ciin be obtained 
from a given stock than section honey. On the other 
hand, tne latter fetches a better price, it is more 
attractive, and in some cases it is more easily dis- 
pos d of, for retail shops frequently prefer section**. 

A Strong Stock. Let us now consider what 
must be the necessary condition of a stock of bees 
at the commencement of the honoy-flow if a good 
return of honey is to be obtained. Tlie hive must be 
a large one, holding from 10 to 12 frames, find these 
must bo crowded with bees from end to end, and be 
almost full of sealed brood, larvae and eggs. If, 
by assistance of frames from other hives, all oombs 
contain chiefly sealed b:ood, so much the better. 
The fact should, therefore, be strongly impressed on 
the memory that the hive must be packed with brood 
and bees if a good surplus is to be gathered, in 
order that when the rack of sections or super of 
shallow frames is put on, the bees go up at once, 
glad of the extra space given to them. If they 
refuse to start work during the first few days of 
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the honey, flow, there will be a loss of honey at the 
rate of lietween 2 Jb. and 3 lb. per day in each hive. 

There are two kinds of supers — one holding 
shallow frames, from the combs of which honey 
is extracted, and the other containing 21 sections, 
each of which [10] should bo furnished with a 
slieet of exceedingly thin foundation, which the 
bees build out into comb that con be eaten. 
The best time to place the su^r on a hive is 
when it is crowded with bees just hefore the honey- 
flow. If the stock is in a very forward condition, 
it may be wise to put on the super some time before 
the honey comes in freely, so as to give the bees 
more room : but only ex})erience will show when to 
do this. When supers containing shallow frames 
are used, a sheet of excluder zinc [7] must l>e placed 
underneath between the body-box and the super, 
to ))rcvent the queen from laying there. As a rule, 
the fault of beginners is to put on the super too early, 
thus interfering with the warmth of the brood -nest 
and checking the raising of brood. 

Packing Supers. 

A point which requires 
the careful attention of 
bee-keepers is the pack- 
ing of the sujiers to 
kcfjp them WArm. As 
they go on the top of 
the brood - nest, the 
supers must bo well 
covered, first with a 
piece of calico or 
American cloth, and 
afterwards with woollen 
wra{)8 to keep in the 
warm air ; and they 
must also be well packed 
round the edges of the 
frames. If the super is 
chilly or draughty the 
bees will not enter it, 
and owing to careless- 
ness in packing many 
a bee-kee]K*r loses sur- 
plus hone3\ 

When a section rack 
is two-thirds full, and 
honey is coming in 
freely, as shown by the 
l)oe8 pouring in and out 
of the hive, the rack 
should be lifted, and 
another put underneath, 
then all should be 
packed ns warmly as 
before. The sections 
hii completed and sealed 

whilst the bees will set to work on the' founda- 
tion in the lower section rack. Any partly drawn- 
out section at the end of the honey-flow should be 
kept for another year, since bees go up into the super 
much more readily when some of these “ bait 
sections ” are provided. 

Removing the Honey. When it is neces- 
sary to remove the honey, the bees are made to 
leave the super by means of a super clearer [ 9 ], 
which docs the work excellently. It is a board the 
size of the section rack, with a hole in the c^entro 
containing an ingenious contrivance called a 
“ Porter bee-escape [11], and by the use of this the 
super is quite clear of bees in under twelve hours, 
and can be lifted off the hive without any troidfe. 

If it is possible to Imve run hopey in tire hive 
until it is sealed, its consistence will be much 
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6. “ Standard ” frame 7. Excluder ziiie 8. “ W.B.C.*’ hive 
9, Super-clearer containing bee-escape 10. Section to hold 
1 lb. of comb honey 


the upper rack will 
as the honey rijiens, 


improved ; but at times it has to be removel 
before it is thoroughly ripi, in which case the 
extracted honey must lie plac^ in a honey-ripener 
[12] in a warm room. 

Extracting Honey. Extracting honey from 
the comb is carried out by an extractor [18], the cage 
of which revolves at a very rapid rate, throwing the 
honey to the sides of the extractor, when it slowly 
trickles down and runs out at a hole to which a 
tap is attached. The cappings of the combs on both 
sides have to be shaved o^, for which purpose a 
Bingham knife, or a W. B. C. uncapping knife, 
should he used, and this has to be kept in hot water. 
When the combs have had the honey extracted 
from them, they must be given to the bees to fill 
again, provided the honey -now continues, or to be 
cleaned up if the flow is over. In the latter case, they 
are placed on the top of the supe * cleare •, and 
ihe bees will clean tiio combs perfectly, carrying 
the honey below. The dry, empty comics should 
at once be tied up in packets to keep out 
moths, and kept in a 
dry, cold place. '1 hreo 
or four balls of naph- 
thaline, split in two 
pieces, s’lou’.d be put in 
each parcel. 

All pieces of comb 
ought to be put into a 
closed box, in order that 
moths may not be en- 
couraged, and in spare 
moments those should 
be melted down. In 
the summer time this 
may bo done in a solar 
wax extractor, but at 
other times the melting 
can be done in a steam 
wax extractor, which 
costs about lOs. Where 
there is only a small 
quantity of wax to be 
molted down, r little 
mgeniiity will enable 
this to bo done with 
home utensils. Many 
persons use a potato 
steamer, putting the 
pieces of comb in the 
upper part, and two 
inenes of rain-water in 
the lower part, then 
standing it for a time in 
an oven not too hot. 

_ Queens will live for four or 

five years, but they should not be ]iermitted to reign 
more than two years. There are two suitable fmes 
for re-queening hives — some time before the honey- 
flow, say, early in May in districts where the honey 
is chiefly obtained from the clover and lime, 
and after the honey-flow, about the end of July. 
The latter is the popular time, for then queens are 
cheap, and they con be raised quite easily. The 
method of re-queening a hive is very simple, for if 
the queen is removed, the bees will at once set to 
work raising others. Three days after the queen 
lias been taken away the queen cells should be 
examined, and the two containing the smallest 
OTubs should l>e left, the others being destroyed. 
In a week's time the two cells must be again examined, 
when the poorer one of the two should be destroyed, 
A queen cell is then put, hanging downwards, between 
the frame 3 of each hive n^dSig to be re- queened. 


Raising Queens. 
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^ t If it 18 ' toot convenient to introduce a young 
queen to a stock, she may be kept in a nucleus 
hive, which is made by putting one frame of sealed 
brood and two frames of stores, well covered with 
bees, into a hive, the frame of brood in the centre : 
then contracting the size of the hive by means of 
division boards, and shaking into it the bees off two 
or three other frames, so that when all flying 
bees have returned to the parent hive, there wiU 
still be left a suflicient number to keep the brood 
warm. The division boards may be raise .1 a quarter 
of an inch to allow any straggling bees to crawl 
under to join the others. 

There is sometimes fear as to shaking bees from 
combs*, but, provided the stock is smoked a little 
beforehand, in order to frighten 
the bees, and thus cause them to 
fill themselves with honey, there 
need be no apprehension. Bees i 
in this condition can he shaken I 
off the comb on to a sheet of 
nowspajier, then rolled about and 
poured into the nucleus hive 
like so many currants. In shaking 11. “porter 
the bees from the frames there 
must be a sudden jerk, not a series of gentle 
shakes, or the bees will be irritated. 

Introducing Queens* A great deal of fuss 
is made about introducing queens ; but, provided 
a hive has been quecnless for forty-eight hours, a 
fertile queen will usually be accepted at night by 
lifting a comer of the quilt and letting her run down, 
a few puffs of smoke having previously been given. 
If all the brood is sealed, a virgin queen can be 
thus introduced. Some years ago Mr, Simmins 
found out the following excellent method of direct 
ffueen introduction. Remove the old queen at mid- 
day : then, when it is quite dusk, keep the new queen, 
which must be fertile, without food for half on hour. 
After giving a puff or two of smoke at a 
comer of the quilt, which has been lifted, 
let her run down between the frames. A 
hive should not be examined after the intro- 
duction of a queen for two or tiirw days. 

When manipulating hives, and esjiecially 
when the honey-flow ceases, care must be 
taken that bee^ do not get what is known 
as the robbing fever. To prevent this, 
hives must never l)e kept ojwncd, and syrup 
or pieces of honey com o should not bo left 
about. This caution is esj^ocially necessary 
when the surplus honey has been removed 
from hives, at which time weak stocks and 
nucleus hives should have entninces so re- 
duced that only two bees can enter at a time. 

Wintering Stocks. One of the most 
important j:>eriod8 in the bet^-keeping year is 
autumn, when the packing of the hives for 


freely than an old queen. After being carefully 
packed for the winter, hives should not be thoroughly 
examined until the end of March : and if a peep 
under the quilts in February shows that the 
stores are runfling short, a cake of candy can be 
put over the feed -hole, and renewed as often as is 
necessary. 

If stocks are increased by artificial or natural 
swarming, not much honey can be expected, 
excepting in very good districts or in unusually 
good years ; therefore the beC‘kee|)er must make 
up his mind which he requires, honey or stocks. 

Feeding Stocks. An important feature of 
modern bee-koeping is feeding. Bees are fed in 
the spring, if there is not suflicient in the hive for 

their maintenance, or in order 

to stimulate the queen to lay 
freely : they are fed again in the 
summer if honey is not coming 
in quickly enough to provide 
food for the very large brood 
nest; and, lastly, in the autumn 
they have to be fed, if there 
BEK-ESCAPE is not the requisite amount of 
stores for the winter. In spring 
and summer the feeding should usually be what is 
known as slow, stimulative feeding, only three or 
four holes of the graduated feeder being used. In 
autumn the feeding has to be rapid, hence all the 
holes shonlfl then be uf-ed. 

Granulated honey — that is to say, honey which 
has become more or less like candy, can be 
reliqu''fied by standing the pots in hot water — ^not 
boiling water, or the flavour of the honey will be 
spoilt. The granulation may sometimes be post- 
poned by keeping the honey in a warm, dry place. 
Section honey which has become granulated can 
Ik» put in a jar, stood in water sufliciently hot to 
me!t the wax, when the honey will reliquefy, and 
the former can be taken in a cake off the top. 

A Few Recipes. Candy — 7 lb. loaf 
sugar (preferably Tate’s No. 1), IJ pints 
of water, 1 teaspoonful of cream of tartar. 
Boil in an enamelled saucepan for a few 
minutes, keeping the syrup well stirred, and 
taking care that it does not burn or boil 
over. To test whether it has been sufficiently 
boiled, dro]> a little into a glass of cold 
water, wlicn, if just right, the syrup will be- 
come like putty. When sufficiently boiled, 
remove the sauce})an from the fire and place 
it. in cold w’ater ; then stir the syrup for about 
l.^> minutes, by which time it will Income very 
thick. It can then be ])ourcd into soup-plates, 
in each of which a piece of ])a})er must be put. 

Syrup for Spriny and Summer — I’o each 
pound of loaf sugar add three-ijuarters of a 
}Miit of water, a heajxsd saltspoonfnl of salt, 


winter has to be carried out. The essentials 12. noNBY and three-fourths of a teasjwonful of vinegar, 
for safe wintering are strong stocks, ample ripener ^oil for a few minutes, taking care the 
stores — say 25 lb. to 30 lb. of sealed honey or syrup does not burn, 

syrup, plenty of woollen wraps, good ventila- Syrup for Autumn — To each pound of Tate’s 


tion, water-tight roofs, and passages for the 
bees above the combs. The last-mentioned are 
arranged by putting some pieces of I in. sticks, 
or some twigs, across the frames, which should 
be spaced a little wider apart than usual. A 
hole should be cut in the ccdico so that a cake of 
candy can bo placed on in the spring, if necessary. 
An imp(H*tant point to be borne in mind is that a 
young queen lays late in the summer, with the 
result that there are plenty of young bees to live 
throuffh the winter ready for the hard work of spring, 
and she also begins to lay much earlier and more 


No. 1 sugar add half a pint of water, three-fourths of 
a teaspoonful of vinegar, and a small saltspoonful 
of salt. Boil for a few minutes without burning. 

Beia-naphthol Sdntion — It is wise to medicate 
all food with beta-naphthol solution, in case foul 
Wood should bo introduced into the hives. The 
mixture is made as follows : Put some methylated 
spirit into an 8-oz. bottle, odd 1 oz. of beta-uaph- 
thol, which will cost Gd. or a little over at the 
chemist’s, shake the bottle well, then fill up to 
8 oz. with spirit* A teaspoonful of the mixture 
is the proper amount for each 2J lb. of sugar, 
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nnd it should be added when the saucepan has 
l)een taken off the fire, after which the syrup 
should be well stirred. 

Carbolic Acid Solution — This is made by shaking 
well one part of Calvert’s No. 5 carbolic acid with 
two parts of water for disinfecting hives, and one 
part of the acid to three parts of water for sprinkling 
on the carbolic cloth for (piieting the bees. 

It is wise to keep naphthaline constantly in the 
hive, the proper dose being two balls split in two, 
and the pieces should be put as. far as i)ossible 
from the entrance. 

The Commercial Side. Now let us 

estimate the actual profits 
of bee-keeping, which vary 
according to the locality, the 
season, and the ability of the 
bee-keeper. Taking a fairly 
good locality, and a person 
with a thorough knowledge 
of the work, an average 
profit of from 78. fid. to 
128. fid. \yev hive may reason- 
ably be ex])ected. Of course, 
in some years far more than 
12s. fid. p(T hive will be ob- 
tained, whereas in others 
there may l>e but little sur- 13. HONEY EX- 
plus, owing to bod weather. TRACTOR 

The figures given do not 

refer to just two or three strong hives, but to the 
average of a number, both strong and weak. 

Another profitable branch of the business is the 
selling of swarms, stocks, and nuclei. Swarms are 
sold at from lOs. fid, to 15s., but it is a good plan 
to have a fixed price per lb. Stoc^k8 of bees, if 
bought in March or April, will cost about £1, and 
with proper attention a strong stock with a young 
queen ]iurcha8ed then can be converted into two 
strong stocks by the autumn. 

Queen-raising as a business is remunerative, but 
requires more than average knowledge and skill. As 
(jiieens are sold for about 78. fid. in April, 5s, in May 
and June, 4s. in July, and for about Ss. afterwards, it 
will be seen that the profits are satisfactory, though 
none too great, bearing in mind the work, time, 
trouble and risk involved. Queen breeders who have 
a good connect! nn are able to ask even higher prices 
than those mentioned. It is not everyone who 
is able to handle queens, and it certainly requires 
a little knack to find them easily and to pick them 
up quickly by the wings. Queens are sent by post 
in cages containing three circular holes, in one of 
which is placed a mixture of honey and castor 
sugar well worked and of sufficient consistence 
not to run. In the other two holes the <pieen, 
with a dozen or more young workers, will 
keep in good condition as long as the candy 
lasts, and over these two holes a piece of wire 
cloth is put. 

Storing and PacRing Honey. Honey 
must be stored in a dry, warm place, in order to 
defer OTanulation, which always takes place in the 
case of pure honey, as long as possible. Sections 
must be packed in boxes or parcels to which moths 
cannot gain access. Ordinary biscuit tins will 
hold Ifi sections, and these boxes will last a life- 
time ; or the sections can be packed in the empty 
racks, which should be tied up in paper. Run-honey 
should bo bottled at once, otherwise granulation 
will take place when it is in a large receptacle : and 
it should be strained through two thickneij|P! of 
fine muslin, in order that it may be clear, ^label 
stating that the honey is pure, and giving the name 
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and address of the bee-keeper will help to increase 
the sale. Bottles of honey can be packed well in 
boxes containing divisions, with corrugated paper 
round each bottle, and at the top and bottom. 
Sections travel best in specially-made orates with 
springs to prevent the jerking of the honey [ 14 ] ; 
but only dozens or two dozens can be sent in this 
way. Where large quantities have to be forwarded, 
sections should be tied up in paper in parcels of 
six, with a piece of wood the size of the section at 
each end, and packed in boxes with thick pads of 
straw at the sides, top, and bottom. The object of 
the tying in half-dozens is to limit the mess and 
the loss in case of an accident. 

Marketing Honey. The essentials in mak- 
ing and keeping a market are to sell only high-class 
honey, to supply t^unctiially, and to arrange that 
orders can always be executed. Small producers, 
as a rule, sell their honey privately, and by this 
means get the highest price ; those who keep a 
number of hives must look for a wider field for the 
larger quantity they produce, and to those the retail 
shops will pay a go^ price for first-class honey — 
from 8s. to 9s. per dozen sections or pound jars. 
But those who keep a very large number of hives 
must bo content to accept a lower price in view of the 
large quantities disposed of. The prices paid by 
the wholesale merchant vary from 78. to 78. fid. 
per dozen for good sections ; first-class run-honey 
in bulk ought to fetch fifis. |H3r cwt. 

It is necessary to grade sections and run-honey, 
and the former can usually be divided into three 
classes. The first should bo of full weight, well 
sealed, and of good colour ; the second ought also 
to be of good weight, though not so well finished 
off ; the third grade, under 1 lb. in weight, should 
not be sold, since they bring discredit on the honey 
trade. All sections should be scraped clear of 
propolis. Run-honey also needs to be graded, 
only that of good consistency and colour being sold. 
Sometimes it is of an exceedingly dark colour, 
e8x)ecially when there is an admixture of what is 
known as “ honey dew ” ; but this should never 
be sold. It can be fed back to the bees. 


It is a bad policy to place quantities of honey 
on the market in 
good seasons, since 
this tends to lower 
the price, to the 
detriment of honey 
producers in 
general. The 
greatest sinners are 
those who keep a 
" few hives, when in 
-ja good season they 
secure a hundred 
or two sections. 

14 . SPRING CRATE FOR Fearing that the 
MARKETING HONEY honey will be left 
on their hands, they 
offer the sections at a ridiculously low price to local 
shopkeepers. If put in a warm, dry place, sections 
will, as a rule, keep for a long time, and there is no 
necessity to hurry to place them on the market. 

Bee-Keeping Expert’s Certificate. 
Tliose who intend to go in largely for bee-keeping 
should work up for an expert’s ceHificate, which can 
be obtained from the British Bee-keepers’ Associa- 
tion in three grades. A holder of the lowest certifi- 
cate — the third class — can be depended upon to be a 
thorough practical bee-keeper ; the second and 
first-class certificates are awarde^l to those who have 
a higher scientific knowledge of the subject. With the 
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intereBt which is now being taken in modern bee- 
keeping by county councils, ex{)ertg are in request 
by bee-keeping associations, and there is every 
reason to expect that facilities for lecturing on this 
subject in bee tents, as well ns for teaching, will 
increase year by year. There is a scarcity of really 
good experts for the work referred to, and the 
higher remuneration which will be given os more 
interest is created in the subject will without doubt 
cause an improvement in the class of person willing 
to qualify. Another part of the export’s work in 
some districts is the living of bees for cottagers 
in the autumn. In spite of the efforts made by I ee- 
keeping asFociations in country districts, be^ are 
sometimes killed for the sake of the honey, and in 
these oases experts drive the bees from the skeps, 
keeping them for their trouble, or only paying a 
nominal sum, and giving the owner the honey. 


water, using plenty of soap. When it is dry, 
paint it with a strong solution of carbolic acid 
and water — one part of Calvert’s No. 5 to two 
parts of water. Care must be taken that the liquid 
does not touch the hands, and that drops do not 
fly into the eyes, ns it burns acutely. Expose 
the hive to the air, and at the end of forty-eight 
hours put in fresh frames and introduce the bees, 
feeding for a while longer with the medicated syrup. 
The Board of Agriculture’s leaflet No. 32 gives 
fuller particulars of this disease. 

Dyaentei^ and Spring Dwindling. 
A disease which is not nearly so common, though 
from time to time it is met with, is dysentery. 
This frequently occurs through giving the bees 
unwholesome food, especially when they cannot leave 
the hive owing to bad weather. The bowel becomes 
distended, and the bees void excrement over the 


These driven bees fetch a good price. Is. 6d. per lb. 
being obtained in August, and from Is. 2d. to Is. 4d. 
per lb. in September. 

Diseases of Dees, The most troublesome 
disease in bee-keeping is that known as “ foul brood *’ 
[15] or “ bee pest,” which attacks chiefly the larvae, 
with the result that they die in numbers and rot in 
the hive. In due course the diseased material 
in the cell dries up, the bacilli become spores, and 

these, when they find a 

suitable medium, re-de- 
velop into bacilli, and so 
the cycle goes on until oU 
spores and bacilli are absu- 
lutely destroyed. Healthy 
larvae are of the same 
colour as the eggs, and 
lie curled up at the 
bottom of the cells; but 
some bee-keejiers have at 
times a little difficulty 
in telling whether dead 
ones are diseased or have 
succumbed to cold. It 
should be remembered j 
that chilled larva^, are at 



combs. To cure them, give a clean hive, fresh combs, 
and either properly -scaled stores or candy. Disturb 
the bees afterwards as little as i> 0 R 8 ible, but wrap 
up the hive warmly. 

Spring dwindling, which is spoken of as a 
disease, is usually the result of bad management. 
It is caused by the bees dying at a more rapid 
rate than that at which the new ones are l>eing 
raised. The mortality of bees is always great, 
but in the spring it is 
essential that care should 
be taken to prevent cold 
winds and wet days 
carrying off an abnorinal 
number of bees. Alight- 
ing boartls should be pro- 
vided, so that tired bees 
may not be lost; in very 
windy quarters the hives 
should be sheltered ; and 
peallour sprinkled on 
straw with shnVow pans 
of water should bo 
placed in sheltered situa- 
tions near the hives. 
The best preventive of 


first of a greyish colour, 16. foul BROOD IN AN advanced stage spring dwindling is a 
and then turn somewhat young queen, 

black, whereas diseased ones are at first of n straw Insurance and Journals* Thanks mainly 
colour, and then turn brown. Dead, diseased to the efforts of Mr. T. I. Weston, vice-chairman 


larvai can be drawn out of the cells in long, stringy 
ieces if a match be inserted; and when a stock is 
adly diseased, very many of the sunken cappings 
of the cells will have a small hole in them. An ex- 

1 >erienccd bee-keeper can frequently tell a case of foul 
>rood from the smell, which may sometiniee lx* 
detected some distance from the hive. To prevent the 
inroad of this disease, the bees must be kept strong, 
with a young queen, say, not more than two yeurs 
old ; the hive must be kept clean, the floorboard 
being regularly washed every year ; the c ombs 
must not be allowed to get too old, and when the 
bees are fed, the syrup should be medicated with 
beta-naphthol solution. The cure of a diseasinl 
stock is not a difficult matter. Shake the bees off 
the combs into a large box, sometimes called the 
“ hospital box»” which must have openings 2 in. 
wide ooveresd with strips of i^erforatocl zinc 
each side right along the box, with another strip 
along the lid. Ck>nimo the bees in this box for 
forty-eight hours, giving them, after twenty-four 
hours, medicated syr^ ; thus all the diseased hrney 
will !:» consumed. Destroy the frames and cover- 
ings, and have the hive well scrubbed out with hot 


of the Council of the British Bee-keepers’ Associa- 
tion, there are now facilities for insuring against 
loss as a consequence of bees stinging ^lersons and 
animals outside an apiary. The danger of being 
mulcted in damages has always been a sore point 
with bee-keepers, but now, for the payment of 
one penny })er hive, with a minimum payment of 
9d. fur members of bee-kpe]x^r8’ societies, owners 
of hives arc protected to the cxUmt of £30. Full 
particulars can be obtained from the Secret.ary of 
the British Bee-keepers' Association, 12, Hanover 
Square, London, W. 

All beo-keeiiers should endeavour to join a bee- 
keepers' association, and those who are unable 
to belong to a local one should join the British 
Bce-kee\>er8’ Association, which is the parent society. 
Those who wish to make real iirogrcss in boe- 
keopiM should read regularly bee-keoping periodi- 
cals. The “British Bee Journal” is published weekly 
at one penny, and the ” Bee-keei>era Record ” issued 
montlily at 12, Hanover Si^uare, \V., for twopence. 
A very useful book is Cowan’s British Bee- 
keepers’ Guide-book” (W. B. Carr, 8, Henrietta 
Street, W.O.). 


Ber-ke£T1NO concluded; followed by Gardening 
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General Conditions. Equilibrium of Floating Bodies. Calcula- 
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By Dr. J. BRUHN 


VJ7iIEN a sJiip is required, it is usunl for the in- 
™ tending owner to approach a builder and ask 
him to construct a vessel fulfilling certain specified 
conditions. These will, as a rule, be quite sufficient 
to determine the character of the vessel, and will 
thus enable the designer to proceed with his work, 
but the owner’s specified requirements presuppose 
nearly always certain fundamental conditions, 
which all vessels, whatever their purtK)He, must 
fulfil. In tlie first instance, all ships must be able to 
fioat on the water, they must be able to float in the 
upright position, and they must possess sufficient 
structural strength to float without receiving injury 
to the hull. The duty of seeing that the last con- 
dition is fulfilled is, for sea-going vessels, usually 
retegoted to one or other of the societies looking 
after the insurer's interests. The designer’s primary 
concern is. therefore, that the vessel will float and 
float upright. 

The Owner’s Requirements. The pro- 
BX>ective owner will probably lay dowm conditions as 
to the cost, the cargo-carrying ability, the amount of 
space available for cargo or passengers, and he may 
also specify the maximum draft at which the cargo 
is to be carried as well as the speed and the coal 
consumption, and very likely he may also limit 
in some way the principal dimensions of the ship — 
that is, the length between perpendiculars and 
the breadth and depth moulded. It is the duty of 
the designer to see in the first instance whether the 
problem of producing a ship fulfilling all these 
specified conditions is at all capable of solution. 
It will often be found that all the wishes of an 
owner cannot be met. It is therefore desirable 
that a certain amount of latilude should be left 
to the designer in dealing with the various problems 
placed before him. It will then be his duty to effect a 
compromise between the many conflicting condi- 
tions, and to ])roducc what will be on the whole the 
most satisfactory ship from the owner's point of 
view. It will easily be understood that each of the 
owner's requirements usually tends to increase the 
difficulties of the designer. It is an easy task to 
design a ship that will float; it is a more difficult 
one to design one that will carry a given amount of 
cargo, and a still more difficult one to construct a 
vessel that will carry the required cargo without 
exceeding a certain specified draft. From the owner’s 
point of view the cost of the ship will usually be the 
j)rimary condition, and it will at once place a very 
rigid limit on the possibilities of the design. 

Cargo-carrying Capacity. The next im- 
portant requirement of the owner will probably bo 
the insisting on a certain amount of cargo being car- 
ried. This may, however, often amount to the same 
condition as the previous one, as the price of the 
vessel may be arranged at so much i)er ton of weight 
carried. The amount of cargo that a ship can carry 
is called its dead weight capacity, and it is usually 
measured in tons at 2,240 lb. It will be easily 
understood that the size of the vessel to be designed 
must depend on this quantity of cargo to be 
but it will also largely depend on other requirdiMEts, 
Buch as size of engines and boilers, coal capacity, 
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passenger accommodation, etc. The first point the 
designer must settle is the size of the vessel, 
not only as determined by its length, breadth, 
and depth, but also as represented by its total 
weight. For the same description of vessel the cost 
will vary as the total weight of the complete and 
loaded ship. The weight of a ship, or the displace- 
ment, as it is called, represents the amount of 
raw material at the designer’s disposal, and it 
remains for him to apportion it in such a way to 
the hull, machinery, outfit, etc., that the owner’s 
requirements are satisfieti in the most efficient 
manner. The estimate of the weight of a ship is 
therefore one of the first and most important tasks 
of the designer. 

Weight of Floating Bodies. It is, of 

course, a well-known fact that many objects 
remain floating on the surface when thrown in 
the water. A log of wood, as shown by 122, will 
sink into the water a certain distance until, say, 
the portion ABCDEFGH is below the level of the 
surface, and it will then remain floating at that 
position. It will be seen that as there is equilibrium 
the wood must press downwards on the water 
to the same extent as the water presses upwards. 
The downward force of the log is simply its weight, 
and the aggregate upward pressure of the water 
must therefore be equal to the weight of the object 
floating on it. The log of wood may now bo im- 
agined removed and space ABCDEFGH filled with 
water. It will be clear that this would not disturb 
the equilibrium of the surrounding water, which 
would still press upwards with exactly the same force 
as before. The water in the space ABCDEFGH must 
therefore also press downwards with a force equal 
t/O that of the removed log and the aggregate down- 
ward pressure of this water is equal to ^ts weight. 
In other words, the weight of the water in the space 
ABCDEFGH, or the water displaced by the log, is 
exactly equal to the weight of the log. This may 
be stated generally as follows — the weight of every 
floativg object is emud to the weight of water v^hich 
it dis^Qces, If, therefore, the log of wood fl22J 



is inconveniently large to be weighed directly, 
its weight may be estimated by measuring up 
the volume ABCDEFGH, say, in cubic feet, and 
then multiplying it by the weight of a cubic foot 
of water. The weight of one cubic foot of ordinary 
sea-water is u^th of a ton, and the weight of one 
cubic foot of fresh water is ^Vth of a ton. A ship 
is, of course, too lar^ an object to weigh directly, 
and to weigh actually or to estimate airectly the 
weight of each of its separate items is a very laborious 
process, and one that could not be depended upon 
for accuracy. The weight of a ship is therefore 
always estimated by calculating the weight of water 
it displaces, which is a fairly simple and exact 
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oppration to perform, requiring only proficiency in 
the calculation of volupies of irregular shape. 

Calculation of Areas. Before explain- 
ing how volumes are calculated it is, however, 
necessary to deal with the estimating of areas, which 
is also in itself necessary in 
naval architecture apart from 
its use in connection with 
volumes. The estimating of 
the area of a plane rectangular 
form as 128 is very simple, ns 
the product of its length, 
and its breadth, &, will repre- 
sent the required q\inntity. 

The area of a triangular form 
[124] is equally easily calcu- 
lated, being one-half the pro- 
duct of its height, /t, and base, 
h. It will 1)6 seen that the 
area of the trajxjzoidally- 
shaped figure ABOD [126] is 
equal to the rectangularly 
sha])ed area ABiCjD, where 
AB^ and DC, arc equal to 
the mean of AB and DC. The 
area of a tra]>ozoidally-shapcd 
figure, therefore, is the pro- 
duct of the base, AD, and the 

mean height, 

When the figure is of the 
form 8 bo>%'n by 126, its area 
(•annot he estimated so readily 
as in the three former instances on account of one of 
its boundary lines, BC, lK»ing curved. AB and CD 
are 8 iip))OHed to be at right angles to the base. If 
the exact form of the curve B(/ can be mathemati- 
cally defined, it may bo jwssible to obtain a mathe- 
matically exact expression for the area AB('D, 
but ns the curves dealt with in naval architecture 
are never mathematically defined, it would be of no 
use to have exact expressions for the areas bounded 
by them. It is therefore necessary to employ so- 
called approximate methods, which may, however, 
enable the area to \)o calculated with as high a 
dcgi-eo of accuracy as the curve BG itself can in 
practice bo known and drawn on X)aper. 'inhere are 
several of these approximate formula} for the 
cstimatingof areas of irregular form. 

The Trapexoidal Rule. The simplest 
is the tra|)ezoidal rule. In using it, the base of 
the area AD is divided up into any number of 
equal parts and ordinates yi, y.., etc. Figure 127 



F 



is erecttid at the points of division. The area of 
the fjLoire is then supmsed to be represented by 
half of the sum of the leugtli of tlie end ordinates 
plus the sum of the remainder of the ordinates, the 
whole being multiplied by the common interval, 
or, if the area is A, then : 

. A == fjj/i + iy. + y, + y, + y.) A. 

A superncial examination of this expression will 
show that it is obtained by estimating the area of 


each of the trapezoidally -shaped )>ort)on 8 by the 
above-described method and then adding ail the 
results together. 

It will be observed that instead of having five 
ordinates as shown in 127, the number might have 
been any one from two upwards. The difference 
between the area calculate in this way and the 
actual area is represented by the portions lying 
between the curve BC and the straight lines joining 
the heads of the ordinates yi,y«, y.;, etc. This 
difference represents, therefore, the error in esti- 
mating the area by the trapezoidal rule. 

The actual area will always be a little in excess 
of the calculated one in the case of convex curves, 
but it will be seen that by halving the intervals, or, 
more generally, by spacing the ordinates closer, the 
error will be reduced. This rule is in many cases 
quite satisfactory for the calculation of areas in 
naval architecture, particularly when the intervals 
between the ordinates are taken small enough. It 
has the advantage of being simple in its application. 

Simpson's Rules. Another formula, called 
Simpson’s first rule, is, however, more commonly 
employed by naval architects in spite of the 
fact that it is somewhat more laborious to use. 
The base of the area lo be measured i.s, as before, 
divided up into parts of equal length, k [127]. 
If the curve BF is part of a common parabola, 
the exact area of ABFE is 

Y + ^y-i + .Vs)- 

In the same way the area of EFCD is 

y (V:i+ 4Vi+ .V.-,). 

if FO is a paral)olic curve. Combining these two 
expressions the area of ABCD is 

■A = ^ (y, + + 2y., + 4yf 4- y^). 

All ship curves arc practically parabolic ones, 
and it is therefore iiossible to employ this method 
of estimating the areas with a considerable degree 
of accuracy, even where the interval between the 
ordinates is a fairly wide one. it will be seen that 
the exy)re 88 ion given above can be extended to 
any even number of intervals, tlie rule being simply 
to multiply the first ordinate b 3 '' I, the following 
ones by 4 and 2 alternately, and the last one by 1, 
then add these products together and multiply by 
one- third the common interval. By another formula, 
called Simpson's second rule, the area is 

A = ( J/ 1 + Sy-J. + 'Ay 3 + 2 ^ 4 + + 21 / 7 , etc. ), 

where h is, as before, the common interval and 
Vyy Pi* V'A^ ordinates erected at the points of 
division. This rule is not so often employcMi, and 
it can be used only where the number of intervals 
is a multiple of three. 

Other Rules. It sometimes happens that the 
area between two consecutive ordinates as between 
y, and t/a has to be separately estimated. This is 
done by the so-called 5-8 rule. The area ABGH 
is, by this formula, 

A= ( 02 / 1 + 2 / 3 ), 

or onc-twelfth the interval multiplied by five times 
the first oidinate plus eight times the second one 
and minus the third ordinate, which is at some 
distance from the area under calculation, but 
the length of which, of course, has infiuenoe on 
the form of the curve from B to H when the part 
BHF is supposed to be parabolic. It will now be 
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seen that the area between any ordinates whatever represent the areas of the cross sections. The 

can be estimated by these three rules. volume of the solid fl29] will therefore be 

There are other rules, but those mentioned are ^ ^ 
quite sufficient to deal with all the problems that V = J:- + 4^2 + y.-, + 4 ( 1/4 + 4^6 + Vid + ^7 + ^Vh + Vq)* 

may arise in naval architecture, ' and it is ^ 

necessary that students should commit them to Calculation of the Displacement of 
memory as they have to be used over and over a Ship. For the purposes of calculations, the 

again. There are also mechanical contrivances under-water part of a vessel is supposed divid^ up 

called planimeters whereby areas are conveniently by water-line j)lanes usually parallel to the keel and 

estimated by merely tracing the boundary of spoc^ed 1 ft. to 4 ft. a]»art according to the draft, 

the figure by a pointer, the magnitude of the and also by parallel cross sections at right angles to 

enclosed area being then middle lino plane and spaced 10 ft. to 30 ft. 

road off on a moving scale. I apart according to the length of the vessel. Care 

These instruments work very | L . J must be taken in arranging the position of these 

accurately, and are ex ten- ^ divisional planes that the nnmoer of intervals 

sively used in ship calcula- ; ' l>etween thorn is suitable to the application of the 

tions, where they save a con- ^ 4 00 summation rule to be employed. Figure 130 shows 

siderable amount of time and ^ the cross sections selected for the purf>ose of cal- 

troublo, but when they are not at hand it is culating the displacement of a ship. They are pro- 
necessary to use one of the approximate formulae. duced from the vessel’s line drawing described 

Calculation of Volumes. The volume in an earlier article. The length of the vessel is 


of a rectangular prismatic solid [128] is repre- 
sented by the product of its length, breadth and 
height. The volume of a body with an irregular 
surface, as shown by 129, is estimated in the follow- 
ing manner. It is first divided up Iw parallel 
equidistant planes such as ABCD, EFGH, anda 
IKLM. The area of each of these planes is 
estimated by means of Simpson’s rule as previously 
explained, the area of the first one being 

(yi+4y., + !/,), 

of the next one 

^ (^4+ 4^6+ yo). 
and of the last one 


All these areas are, in this instance, of equal width, 
and the interval, /t, between the ordinates is there- 
fore the same in the three cases, but it will be clear 
that their areas could equally easily have been 
estimated, if they had been oi varying widths, by 


first divided up into suitable intervals on the water- 
line or half-breadth plan. At the points of division 
lines are drawn at right angles to the centre line. 




merely varying the interval between the ordinates. 
The area of a figure as ABCD [126] may be looked 
UTK)n os made up of little strips like olid, the area 
of which is the length of the ordinate y multiplied 
by the width of the strip n. The sum of all these 
strips represents the total area. In the same manner 
the volume of the body [129] may be supposed 
to be made up of little slices like that represented 
by the plane F.FGH and the adjoining plane, and 
the sum of all the slices represents the total volume. 
When the areas of the cross section planes like 
ABCD, EFGH, etc., have been determined, they 
may be looked upon as ordinates of a curve with 
the basis e^al to AI or BK, the common interval 
being The summation of all the little slkB of 
volume is therefore equivalent to the summation of 
the natrow strijis of a curve, the ordinates of which 
ftOAA 


The intersections of these lines with the w^ater- 
lines will give the half breadths at the water-lines 
for each of the cross sections wanted, and these 
can therefore be readily drawn The body plan 
thus produced is similar to the proper body plan 
previously described, but tho sections of the one 
will rarely correspond to the sections in the other. 
The volume of displacement — that is, the volume 
occupied by tho immersed part of a ship — may now 
be calculate in two ways. Either the areas of all 
tho cross sections may be first estimated, and 
they may then themselves be put through Simpson’s 
rule and tho required volume thereby determined. 
This is the simplest method, if tho displacement 
is required only up to one particular water-line. 
In this case the areas of the cross sections can be 
conveniently estimated by a planimeter, but the 
subsequent operations are best carried out by the 
use of Simpson’s rule. 

Displacement by Water-line Areas. 

If the displacement is required to be estimated for 
various drafts, it is most convenient to calculate first 
the areas of the water -lino planes and then pass theso 
through the summation rule to obtain the volume. 
In this instance it is generallv impossible to use a 
planimeter, as the water-line planes are too large for 
ordinary instruments. These areas must therefore be 
estimated by first measuring off the ordinates or half 




breadths of. each water-line at the respective cross 
sections, recording these, in tabulated form and pass- 
ing them through Simpson’s rule by multiplying 
them by the factors 1, 4, 2, 4, etc. The pr^ucts 
are then summed up and the result multiplied 
by one-third; the fore-and-aft spacing of the cross- 
sections represents the area of that particular 
water-line when multiplied by two for Doth sides 
of the ship being alike. 

The following table shows the area worked out 
for the 1 2-ft. water-line. 


No. of 

Half- 

i iSinipson'a 


secition. 

breadtliH. 

In feet. 

j multipliern. j 


0 

•3 


•3 

1 

lOD 


400 

2 

120 


240 

3 

12*6 


60*4 

4 

127 


26-4 

6 

12-7 


60*8 

6 

12-7 


26*4 

7 

12*4 


490 

8 

11*0 


220 

9 

70 


280 

10 

•1 
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- 5,056 sq. fee^ 

The area of any one of tlie water-line plana may 
be estimated in the same manner. 

Curve of Diaplacement* When a ship 
is being designed, while she is being built, and 
during her subsequent life, it will be necessary 
to know what the exact displacement is under 
various conditions of loading. It will easily be 
seen that when the draujiht of the vessel is known, 
then tlie displacement is fixed, because the upper- 
most water-line is in that case determined, and 
thereby the volume of displacement. As the draught 
increases so the displacement will become larger, 
but the two cpiantities will not bo in any given 
ratio. It would be impracticable to estimate the 
displacement directly for all the various draughts at 
which it may be required to be known. It is there- 
fore calculated for certain draughts conveniently 
selected to agree with the water-lines on the 
displacement body plan [180]. 

A curve, called the displacement curve [131 J, is 
then drawn. A vertical scale of feet represents the 


131 


draught, and 
at the selected 
water - lino the 
dis placement 
corresponding to 
the volume be- 
low that line is 
set off to some 
convenient scale 
at right angles 
to the draught 
line. When tha t 
has been done for all the water-lines, a fair curve is 
drawn by means of a batten through the points thus 
obtained. This curve has the property that the 
displacement of the vessel can be found for any 
immersion by setting o£f the draught on the vertical 
scale, and drawing a horizontal line corresponding 
to the given water-line. The length of tto line. 


4 * • /fl li M /f iff 4A 14 


which is intercepted between the vertical line and 
the displacement curve, will, when measui'ed on the 
proper scale, give the displacement at that draught. 

Displacement ef Various Draughts. 

It will now be seen why it is advantageous to 
estimate the area of the water-lines first in 
calculating displacement, becau.se when they are 
all known the volumes of displacement can be 
easily estimated up to any one of the water-lines. 
Let A^, Ag, A4, As, Aj 2, etc., be the areas of the 
water-line planes at draughts of 0, 2, 4, 8. 12 ft., 
etc. The volume of displacement below the 2 ft 
water-line is then found by putting Aq, and A^ 
through the 5-8 rule, and multiplying by 
the interval — in this instance 2 ft. — and by 2 for 
both sides. The volume below the 4 ft. water-line 
may be estimated by putting Ao, A^, and A^ through 
Simpson's first rule. The volume up to the 8 ft 
water-line may be found by first estimating that 
between the 4 ft. and 8 ft. water-lines by the 6-8 
rule applie<l to the areas of the 4 ft, 8 ft, and 
12 ft. water-lines, and then adding it to the volume 
already calculated up to the 4 ft. water-line. The 
volume up to the 12 ft. water-line may be esti- 
mated by putting the areas of the 4 ft, 8 ft, and 
12 ft. water-line planes through Simpson’s rule, and 
adding the volume to that below the 4 ft. water-line. 
It may, however, be. found more directly by multi- 
plying all the water-line areas up to, and including, 
that of the 12 ft. line by suitable multipliers. If 
the common interval of the water planes be taken 
as 4 ft., it will bo seen that the following multipliers 
may be derived from Simpson’s rule by a simple 
combination— namely, J, 2, 1 J, 4 and 1 for theO IL, 
2 ft., 4 ft., 8 ft. and 12 ft. water-lines respectively. 
In this way the displacement may be calculate 
for each of the given water-lines. The following 
ttible shows the detailed working out of the di»- 
placement up to the 12 ft. water-line: 


No. of 
water-line 
plane. I 

Area of 
water-line 
plane. 

Sinqjson'g 

nmltipHers. 

Pro<luct8. 

12 1 

5,056 

1 

6,056 

8 i 

4,950 

4 

19,800 

4 1 

4,500 

16 

1,760 

2 1 

3,400 


7,200 

0 ! 

0 


0 




38,806 x| 


35) 51,740 cubic feet 
I) is placement = 1,480 tons. 

Spacing of Water-lines and Tons 
per Inch Immersion. It is usual to have 
the lower water-lines closer space 1 than the 
upper ones. The reason for this is that the 
nature of the surface of the bottom changes 
very rapidly here, and for the same degree of 
accuracy a closer spacing of the water-line planes 
is necessary here than elsewhere. It will be easily 
understood that the displacement curve is most 
useful to designer, builder and owner alike. The 
first will bo able to make estimates for the amount 
of dead weight that can be carried, with any given 
weight of hull and machinery. The second will 
bo able to see from his estimated weight what the 
draught of the vessel will be when she is launched, 
and when the engines and boilers or any other weights 
are placed aboard her, and the owner will be able 
at any time see at a glance what his vessel 
^ill carry at any given drau^it, or what the draught 
will be at any given load that has to be oarriedL 
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Another curve is usually drawn to the same scale of 
draught os the displacement curve for the puriK)8e of 
estimating more exactly than is possible from the 
latter curve the addition to the draught due to a 
comparatively small weight being placed on board. 
This curve represents to some convenient scale 
the number of tons that it will take to immerse t’le 
vessel I in. at the various water-lines. It will l e 
seen that the volume of displacement corresponding 
to this weight will be equal to the area of the 
water-line plane in question multiplied by the 
extent of the immersion — that is, by T^^th of 1 ft. 
The resulting volume divided by 35 will give the 
number of tons required to immerse the vessel 1 in. in 
salt water when floating at that ]»articulnr water- 
line. Figure 131 shows such a curve of tons per inch 
immersion. As in the cose of the displacement, 
th ? weights are set off at right angle.s to the scale 
of draught. 


General Conditions of Stability. 

Knowing the weight of both ship and cargo, the de- 
signer can now always say if she will float, and in that 
case at what draught it will be. He must, however, 
also be able to decide whether she will float upright 
or not. This question of the stability of ships 
appears on the surface of it very intricate. In 
reality it is less so than the question of the stability 
of structures on land, if the latter is looked into 


a little less superficially than is usually the case. 
The stability of a structure is its ability to resist 
actions tending to overturn it. If a log of wood is 
lying on its side on the ground , 
as in 132, it will be obvious 

that it will require consider- j 

ably more force to j 

turn it over than i / 

if it is / 

standing ‘ X ^ ' / / 

?nm In 1^182 Lii/y 

in 133» In / 400 

the latter 


instance a gust of wind might blow it over. It 
will further be obvious that the resistance to being 
overturned will increase with the weight and the 



breadth of the base of 
support. To investi- 
gate the conditions 
governing the stability 
of bodies, it is better 
to deal with a some- 
what more general 
form, as that shown 
in 1^. I.iet this l)e a 


atone resting on the ground. Its weight will 
then exert a downward pressure on the earth, 
causing a slight cavity to be formed in it. The 
resultant force of the weight will act through the 
centre of gravity of the stone, and may bo repre- 
sented by a large arrow pointing downwards tlirough 
the point G 1134J. The earth, on the other hand, 
will exert an upward pressure on the stone exactly 
equal to the weight. As the weight is distributed 
through the entire stone, and has a resultant acting 
through its centre of gravity, so the pressure of the 
earth is spread over the base upon which the object 
is resting, and is more or less normal to the surface 
of the stone, while it varies roughly in intensity 
with the amount of depression tilow the original 
level. The resultant of this upward pressure 
must, when there is equilibrium, pass through the 
centre of gravity of the stone. 

Stability of Obiecta on Land. Let 
now a force, F, be applied to the upper le^Aand 
edge of the stone sufficient to cant it, as shown 
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by 136. The effect will be that the centre of gravity 
is raised somewhat, and the cavity in the earth 
caused by the pressure of the stone moves towards 

the lower right- 
hand edge. The 
amount of the 
upward pressure 
of the earth will, 
as before, be equal 
to the weight of 
the stone. The 
reaultt\nt of the 
earth pressure 
will, however, no longer pass through th© centre of 
gravity of the stone. The moment tending to upset 
the stone is represented by the product of the force, 
F, and the height, of its point of application above 
the ground. The moment resisting the overturning 
is clearly the weight of the stone, say W, multiplied 
by the distance r between the vertical lines through 
the centre of gravity of the stone, Q, and through tne 
centre of pressure, B. Th© extent to which the 
vertical through the centre of pressure moves for 
a given amount of inclination will depend on the 
form of the stone where it touches the ground. 
If the shape of this part is 
circular, with the centre of the 
circle coinciding with the centre 
of gravity, as shown by 136, 
then a sujwficial examinatibn 
will show that if the object is 
cant-ed to the right, the centre 
of pressure, B, will move to the 
right, but the centre of gravity, G, will always 
move at the same rate in the same direction, and 
will remain immediately above P. There will, in 
that case, be no moment resisting the upsetting 
tendency, and the body 
will remain in neutral 
equilibrium in any in- 
clined position. If, on 
the other hand, the form 
of the bottom is more 
flat — say, part of a circle 
with a larger radius, so 
that its centre, C, is above 
the- centre of gravity, G 
[137] — then the point of 
support, B, will move more rapidly to the right, and 
there will be a resisting moment tending to turn the 
body back to its original position. In other words, 
the object is in stable equilibrium. But if the bottom 
is more curved, so that the 
centre, C, of the circle is 
below the centre of gravity, 

G [138], then the point of 
upward pressure, B, will 
move more slowly to the 
right, with th© result that 
the G gets beyond it, and 
creates a moment upset- 
ting the body, which would 
in that case not be in stable position. If it was 
in equilibrium to start with, the slightest touch 
would result in its being overturned. From these 
examples it is therefore seen that a body resting 
on the ground will !>© in stable, unstable, or neutrsd 
equilibrium according to the centre of curvature 
of its lower surface being above, below, or just at 
the centre of gravity. 

Stability of Floating Objects. In 

passing from objects on land to floating objeots, 
there is no change whatever in the general condi- 
tions which govern the stability. The relative 
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f>osit.ionB of the centre of gravity of the object and 
the centre of pressure (fetermine in both cases 
whether the body will be in stable, unstable, or 

neutral equilibrium. 
Let 139 represent a 
very light vessel, 
slightly inclined to 
the vertical. The 
centre of gravity, (3, 
will, *vs before, be 
the point through 
which the force of 
gravity acts down- 
wards. The centre 
of the upward pressure of the water is determined 
ns follows. Figure 140 shows the immersed portion 
of the vessel on a large scale. As it is only the 
vci lical pressure 
with which we are 
concerned, it is 
necessary to con- 
sider only thiscom- 
})onent of the normal fluid pressure on the surface of 
the vessel. The vertical pressure at any ])oiut will 
clearly vary as the depth of that point below the 
sinfaee. At M the pressure )>er square foot w'ill 
thus 1 k' represented by a column of water 1 sq. ft. 
in section, and equal in height to MN. Adding 
together all these little columns, the tobil uj)ward 
y>rc‘ssure is obtained, which, of courst*, must l>e equal 
to the weight of the vessel. The resultant of all 
the y)res8ureB will pass through the centre of gravity 
corresponding to the water displaced. This point, 
B [139 and 140]. the centre of the volume of dis- 
placement, is called the centre of buoyancy. 

Centre of Gravity, When the position of the 
centre of gravity, C3, is luiow'u, it is necessary to de- 
termine only that of B in order that the stability of 
the ship may Ik*, known. In the case of solids resting 
on land, this yioint is near the surface of the body. 

When the Ixaly is floating the point is at some 
distance from the surface. It is usually situated 
considerably further into the ve.ssol than shown 
in 189, owing to the water-line being much higher, 
and this is the only difference bctw'(;en the sea and 
land conditions governing the stability of an object. 

The centre of gravity of a ship is the common 
centre of all the component parts — hull, engines, 
boilers, etc., and it might be determined by the 
usual calculations for determining the common 
(*entre of several objects. This is an exceedingly 
lengthy and tedious operation where there are so 
many thousands of items as is the case in a ship. 
This jDoint is therefore usually determined in another 
way, which will lx? described later on. In the 
meantime, it will be assumed that the position of it 
is known. The question of the sttibility therefor© 
resolves itself into th»i determination of the centre 
of buoyancy or the tjcntr© of a volume. 

Centres of A.reas. The centre of an 
irregularly -shaped volume 
is estimated by means of 
Simpson’s rule, much in 
the same way as the 
volume itself is deter- 
mined. As in that case, 
it is necessary to deal in 
the first instance with 
areas. The vertical posi- 
tion of the centre of 
gravity of an area, as 
ABC is estimated by first determining the 

moment and then dividing it by the area. Let DB 
be a strip of area of brefi^th b and length y. Its 

2 A G 


area will consequently be iy x 6. Being practically 
a rectangle, its centre of gravity will be at the 
middle or at a distance of Jy above the line AC. 
The moment of a plane about a line is the product 
of its area and the distance of its centre of gravity 
from the line. 

The moment of the little strip about the line AC 
is therefore 

yxhx ^ , or J X y ‘ X &. 

Jd 

It will be noticed that this expression is siniilar 
to the expression for the area, except that is 
substituted for y. The entire area, it was seen, is 
the sum of all the little stri])s y x b, and in the same 
way the entire moment will Ik?, the sum of all 
the little strips, when Ay‘‘‘ is used in lieu of y. 

The summation of these strips is done by the use 
of Simpson's rule in exactly the same way as when 
areas are determined by simply writing down y * in 
lieu of y, multiplying by 1,4, 2, 4, etc'., adding up 
and multiplying the result by one-third the common 
interval, and dividing by 2, as y- has been used in 
lieu of Jy". The result is the moment of the area 
about the line AC. Tlic distance n of the centre 
of gravity from AC is therefore equal to the 
moment divided by the area. VV’ith tour intervals 
of Ji and five ordinate's y,, y.,, etc., the result is, 
wliem Ih ill numerator and denominator are 
ouneelled, that 

„ (?/l‘ -tAlf-t' 

(^1 + -t- -y:t + + yj )x 2' 

Horixontal Position of Centres, li 

instead of the distance of the centre of gravity 
from AC the distance from a vertical line through A 
is required, then the former method of finding the 
moment of the area ABC’' is inconvenient, and the 
following is adopted, whereby the measurements of 
the ordinates used for determining the area and 
the moment about AC may also be employed in 
calculating the moment about AO. The moment 
of the little strips of area BD about AO is equal to 
its area multiplied by its distance from AO, or, 
say, y X b X x. This may be written {y x x) x h, 
which is similar to the previous expression for the 
moment about AC, except that the prcxluct of 
y and x is substituted for Jy-. As before, the total 
moment of the area ABC will be the sum of the 
moments of the little strii^s. Instead of writing 
down the sijuare of the ordinate, we might write 
down the prf>du(.'ts of y and x. for each of the ordinates 
selected. It will, however, he observed that the 
distaiiees of the ordinates from AO are multiples 
of the common inU*rval. For five ordinates. 
Nos. 1, 2, 3, 4, and 5, as shown in 141, they are OA, 
2A, 3/e, and 4A, respectively. As all the ordinates 
ha ve thus to be multi|Mied by A, the common interval, 
it saves labour to wait with this multiplication until 
after the summation, in the same way ns the 
dividing by 2 was left 
until the end in the pre- 
vious estimate. The mul- 
tiplication by the factors 
0, 1, 2, 3, and 4 can- 
not, however, be avoided. 
The procedure is, there- 
fore, to write down th(» 
ordinates y^, y,, y«, etc,, 
multiplying them by 0, 1, 
2, etc., and again by 1, 4, 
2, 4, 1. Adding together these products, and 
multiplying by AA, and by A, as that was omitted 
before, the result is the moment of the area about OA. 
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The hori7.ontal disianoe of the centre of gravity dmiant planes. It is, however, oC{ >nvenient to 

from AO is therefore divide nearly the entire volume by i such c(pii- 

(0 + 41/.?+ 4 t/’ + I-V 4 + ^ distant planes and then to estimate t' he volumes 

T = /Zr~zr77^i~o:r ^ — moments corresponding to each bv ^ adopting 
v7i f/i the same method as when the displaceS^) Jilont was 

The distance of the centre of gravity of the area estimated at various drafts. The momeni,'"s and 

being known from two linos at right angles to each volumes being determined, the position of ' the 

other, its position is completely determined. centre of buoyancy can be found for each of U he 

Xho Centre of Huoyancy. When the water -lim^. '1 hese ]X)ints B.,, etc., eorresjwnd- 

inomcnt of volumes have to be estimated, it is ing to water-lines I, 2, etc., are shown in 142. Let 

done by first calculating the moments of a series of tlio centre of gravity of the entire ship he at (J. 

parallel planes and then summing those moments It will then be seen that wherever the centre of 

up by means of Simpson's rule. The process is buoyancy falls to the right of the vortical through 

entirely analogous to the determination of moments tJ, theie will bo an upward pressure tending to force 
of areas by first calculating the moments jjf the the vessel back to the normal or upright position ; 

ordinates and then summing up these by means in o^iher words, the ship will be staole under those 

of Simpson’s rule. We are now in a position to conditions. On the other hand, if the centre of 

calculate the centre of pressure or centre of buoyancy falls to the left of the vertical through (t 

buoyancy. I/)t 142 represent a vessel somewhat there will be a moment which will capsize the 

inclined in the water and floating at the No. 3 water- vessel. Let the angle of iiKdination of the veswd 

line. The centre of buoyancy corresponding to this from the upright be 20^ for the vessel indicated 

water-line is the centre of gravity of the immersed in 142. 

volume. The ]>osition of this point in a horizontal Cross Curves of Stability. The stability 
direction is determined by estimating the volume or instability of the vessel when at this inclination 

and the moment about any vertical line, say OM. may be conveniently shown by a curve, such as 

The horizontal moment of the volume is the the one marked 20° at 148. The displacements, 

sum of the moments of the water-line areas. A as calculated to the re8j)ective water planes, are 

scries of horizontal equidistant planes are therefore here set off horizontally, and the distances between 
drawn, as indicated, and in such a way that the the vertical lines through the corresponding 

bottom one paH.scs through Q, the lowest point of centres of buoyancy and the line through centre 

the vessel, 'riie area of the lowest plane will bo of gravity of the vessel are set off vertically. The 

zero, and the moment is therefore also zero. In the curve marked 20^ will thus, at a glance, show 

case of the other water-line ])lanes, it is necessary to whether the vi'sael is stable or unstable at that 

estimate separately the moments of the parts on inclination at any given di8y>laccment by the curve 

each side of the reference line OM, and to deduct being above or be’ow the base line. Similar calcu- 

tho moment of the one from that of the other, in lationsmightbema.de for the vessel at other inclina. 

order to obtain the moment of the entire plane. tions, say at 10 ‘10 \ 40 % etc., and the corresponding 

In the case of the water-line NL, it is also neces- curves may be drawn as shown in 148. Such 

sary to estimate the moment in two parts, as a sot of curves, called cross curves, represents 

the referenc.e line falls outside the plane. The the stability of the vessel at all displacements for 

moment of each of the parts of the water jilanes are those particular inclinations. The distances 
estimated, as in the cose shown in 141, when the between the centres of buoyancy and the vertical 

moment is required about the line AC. It is not through the centre of gravity are called the righting 

necessary actually to draw the planes, because all arms, because, when the vesstd is stable, then 

the measurements for the ordinates can be mmlc on these disUmces multiplied by the displacement 

the body plan of di.s placement sections after drawing represent the moment tending to right the vessel 

the linos of the water planes in the required iKJsitifms. when she has been inclined. Wherever the cross 

Moments of Auoyancy. When the curves of stability [148] fall above the base line 

moments of the .second and third planes have there is a positive righting arm and the vessel is 

been determined in this way, the first one stable, but when the curves fall below this line the 

being zero, they are put through Siinyison's righting arm is negative and the vessel is un- 
rule, the products added u}) and multiplied by stable. Such a system of cross curves gives a 

one-third the distance between the planes. The complete picture of the stability of a ship, but it 

result is the rnoraeut of the volume of displai^ement takes a considerable amount of time and labour 

up to the water-line AC. While determining the to produce them as described aliove. They are, 

moments of the planes their areas arc likewise therefore, now always estimated by the aid of an 

calculated, and afterwards q instrument called an inUjgratjr, on which the 

they are also put through corresponding moment of any plane 

Simpson’s rule, so that the / figure can he read off simultaneously after 

volume os well as the moment yL - _ 7;. . / merely tracing its outline by a pointer, 

is determined up to the re- / ' When on integrator is ern- 

q Hired water-line. When both / €■ / ployed it is applied to tha 

these quantities have been / ; ' cross sections, and the fore- 

estimated, the latter divided ! ;' and-aft summation of tha 

by the former gives the dis- / J 7 areas and moments thus- 

tance that the centre of I .By ^ J determined is done by 

buoyancy is from the line OM. V' ; /L— Bg ’ 1 Simpson’s rule. 

It will be clear that a water- ; J Ordinary Curves of 

line might have been chosen - *-7 ■ " * • - VC Stability. It is often de- 
nt any height and the mo- “ / sirable to have a continuous 

ment and volume estimated ’ ' 1 representation of the stability 

in the same mamier by divid- j ^ z' vessel at various in 

ing the volume up by any - b- — a clinations at a given dis^ 

siritabk) number of equi* ♦ plnoement. This is easily 
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obtained from the croHs curves by merely drawing 
a vertical line at the displacement in (question [ 143], 
and then laying down a base line as in 144. repre- 
senting the degrees of inclination. ^ At 10 ’, 
20', 30 \ etc., the corresponding righting 
arms obtained from the cross 
curves are set up and a fair 
curve drawn 
through their 



heads. This will give the exact righting arm 
at any inclination, the displacement remaining 
constant, and it is c;allfjd a curve < f nlability. 
Here, again, the vessel is stable where the curve 
falls above and unstable where it falls below the 
base lino. At zero inclination a vessel must be 
stable or she will not remain upright. As she is 
l)eing inclined a little the righting arm mereases 
direttly as the inclination. For somewhat larger 
inclinations it increases less rapidly, and eventually 
attains a maximum, after which it is reduced until 
it may possibly IxMjome negative. The maximum 
righting arm is, as a rule, only a few feet in length. 
The angle at which the righting arm becomes 
negative, and the ship therefore unstable, varies 
much, the average being about 80 . In many 
instances it is sutlicient to know what the righting 
arms will be for the small inclinations, or what 
the rate of increase is as inclination begins. 
If this rate is, say, m feet per degree of inclination, 
then the righting arm at 2 inclinatJou will 
2/w, and at S'' Sm. It so hapjx'ns that this 
rate of increaw^ in the righting arm can be easily 
determined without producing the curve itself. 
In the upright position there is no righting arm 
as the two sides of the vessel are symmetrical. The 
vertical through the centre of gravity passes, 
therefore, always through the centre of buoyancy 
in that case, but the latter point will move ver- 
ti(villy as the draft and displacement increases. 

Vertical Position of Centre of Buoy* 
ancy. The vertical position of a centre of 
buoyancy in the upright condition of the ve8S(‘i 
may conveniently be determined at the time the 
displacement calculations arc made. The required 
centres of buoyancy are the height above the base 
line of the centres of volumes of displacement. This, 
again, is determined by estimating the moment of 
the water-line areas above the base line at the top 
of the keel. These areas, it will be remembered, 
had to he calculated in determining the <lis- 
placement, and their moment abput the top 
of the keel is simply their areas multiplied by 
their respective distances above the base line. 



These moments may be put through Simpson's rule 
at the same time as the areas, and the moment and 
volume estimated up to each water-line. The 
former divided by the latter gives the corresponding 
heights of the respective centres of buoyancy above 
the base lino. Figure 145 shows the centres of 
buoyancy, Bg, Bj,, etc., corresponding to the 


water-lines I, 2, 3, etc., respectively. It is, how- 
ever, more convenient to re<H>rd these heights in 
the same manner as the dis])lucemcnt and tons per 
inch immersion. The drafts are then set off 
vertically as in 146, and the heights of centres of 
buoyancy horizontjilly. 

Rate of Increase of Righting Arm. 

It is found that the rate of increase in the righting 
arm in the upright jwsitioii de]>ends on the moment 
of inertia, I, of the waU*r-line plane and the corre- 
s})onding volume of dis))laoeiiient, V. The righting 
arm per degrc<? of inclination is : 


where BCl is the height of the centre of gravity 
of the ship above the centre of buoyancy. The 
moment of inerti.a of a plane is a quantity some- 
what similar in nature 
to its moment. The 
moment of inertia of 
the one side of a 
water - line plane is ^ 

estimated by simply 
using one- third of the , 

ordinates cub(*d in lieu 
of the ordinates em- , 

ployed in determining 
the area. If these , 

ordinates are y,, 
f/y, etc., the common — 
interval h, then the 
momimt of inertia of the entire area, 
that of one side, is ; 


145 

being twice 


I = {yi‘ + + ^y-i + ‘‘i/V* 4- ete. j A ; 


3 


The volume of displacement, V, and the j)osition of 
the centre of gravity being known, the righting arm 
per degree of inclinaliori may be <lcterminod. 

This quantity, it will be seen, is |)ositjve w^hen ^ is 

larger than BO, in which case the vessel is stable. 

When is less than BO, then the righting arm 

yier degree of inclination is negative, or, in othcT 
w^ords, it is an upsetting arm, and the ve.ssel is 
unstable. If an ex- 
haustivc inquiry into 
thc‘ stability of a ship 
is necessary, the cross 
curves previously ex- 
plained must be calcu- 
lated ; but if it is only 
a question of determin- 
ing whether or 

not the vessel 

will float in the 
u]>right position, 
then the above esti- 

■ • - • - . - mate of the righting 

arm per degree of 

inclination is suflicient. 

The Metacentre. It is usual to 

consider the conditions governing the 

stability of a vessel in the upright position 
from a geometrical }H)int of view. Let 147 
represent a vessel in an inclined position. The 
centre of buoyancy in the upright |)OBition, B, 
corresponds to the water-line WL. 

W^hen the vessel is inclined a little to the right 
the water-line moves to W , L , , and the centre of 
buoyancy to B,. The new vertical through this 
point will intersect the original vertical line &oiigh 
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B in a point M. It is found that BM is et)nal to 

y. GM is therefore equal to BM ~ BG or y — BG, 

and the righting arm per degree of inclination is 
GM 

57‘3‘ point M is called tlw3 meimentre^ and it 

will be seen that the vessel is stable in the upright 
condition when G is below M, and unstable when G 
is above M, because in the former ease the centre 
of buoyancy, B^, is to the right of the centre of 
gravity G, when the uj)ward pressure tends to bring 
the vessel hack to the upright position, and in the 
latter instance it 
is to the left when 
the tendency of 
the water pressure 
is to incline the 
vessel further to 
the right. 'Fhe 
inctaoentrc is the 'H.v 
cemtre of the curve 
in which the (!en- 
tre of buoyancy 
moves ns the ves- 
sel is inclined, 
and it will again be seen that the condition for 
equilibrium is just the same in the case of ships 
as in the case of bodies on land — namely, the centre 
of gravity must for stable equilibrium be above 
the centre of the curve in which the point of sup- 
])ort moves. It was seen that the height of the 
.metaeentre above B was equal to the moment 
of inertia of the water-line plane divided by the 
volume of dis])lacement. Por each draft or position 
of H water plane there is a displacement, a centre of 
buoyancy, and a metacentre. It is, therefore, 
possible to calculate the height of the metacentres 
above the centres of buoyancy for the various 
drafts and construct a curve of metacentres as 
shown in 146. In most instances where the 
general character of a ship’s form is known, th » 
question of stability is decided only by the rela- 
tive ](K)sition of the metaeentre and 
centre of gravity of the ship. The 
distance GM between these points is 
called the metacfintric height. The larger 
the angle of inclination become^, the 
less satisfactory is, however, the cx* 

GM 

prefisiou ;; as a correct measure of the stability 

^ i "fi 

of the vessel. 

Centre of Gravity of Ships. Tlie 
metaeentre is comparatively easily estimated, 
but, tis already stated, the direct ^ 

calculation of the centre of gravity / 

is a laborious task, which is rarely 
undertaken. This |)oint is easily 
determined when a ship is floating in 
the water by an exi)eriment consist- 
ing in her being slightly inclined by a known 
amount of weight being placed at one side — 
in fact, the stability is navisured directly. In 
a shi]) lx*iiig designed the centre of gravity is 
estimated to be at the same relative height alM)vo 
the top of the keel as in other similar vessels, 
where its position has been exactly determined by 
experiment. Say, for instance, it has been found 
in the latter case to be 73 per cent, of the depth of the 
vessel above the top of the keel, it will then also 
1x5 73 per cent, of tne depth above the keel in the 


149 


B 


eljp 

designed vessel, and its position can be easilMlef 

* mgh up 


leter- 


mined. If there are many heavy weights 


in a ship it will, of cit; 


cubexl wi 1 be augmented very ra])idly 
crease in the br€5adth of the vessel. This is tuO 
reason for the great importance of breadth in giv- 
ing a vessel stability. In designing a ship it is 
difficult to adjust the position of the centre of gravity 
to suit the required stability, but it is an easy 
matter to modify the breadth at the water-line to 
bring about the desired result. 

Effect of Stability on Rolling. It 

might be supposed that, as the stability of a 
vessel is so very nect'ssary, it is also desirable to 
obtain as much as possible of it by making the 
metacentric height as largo jis possible. This is, 
however, not the case. In small boats and sailing 
vessels this height is some three to four feet, and 
in a cargo steamer it may bo about the same, but 
in passenger steamers it may be less than one foot. 
The reason for the small amount of stability is 
the fact that high metneentres seriously affect the 
vessel’s Ix'haviour in other ways. Let 148 and 
149 repn'sent ae<5tions of two bodies resting on a 
plane support. As has already been seen, the first 
of the two will Iw the more stable, the radius BM of 
the arc of the points of support being the greater. 
If small logs of wood were cut to these shapes and 
laid on a table, it would therefore 1x5 hmnd that 
greater force, would be necessary to incline the one 
with the Hatter section than the one of a more 
nearly circular form. If the two logs are set rocking 
on the table, it will also he found that the broad 
one will rock very violently or quickly, while the 
deejxT one will move slower and more easily, 
Exactly the same effect will be experienced in 
I the case of floating bodies. I’lie broad or very 
stable shii) will rock or roll more violently than 
the narrow and less stable one. This is (juito 
\ natural, hut it is a fact which has often Ijeen 
better realised by those who sail the 
^ ships than by those who have built 
them. It will be readily understood 
that an easy rolling motion is a very 
essential quality in a good ship, pt»r- 
ticularly one intended to carry pas- 
sengers, The metaeentre is therefore brought 
as low as possible by making the vessel as narrow 
as is consistent with safety. It is found that 
in a large steamer a metacentric height of only 
about 8 in. is sufficient, provided the vessel is 
stable at the larger angles of inclination, 
N. say up to 70® or 80®. In sailing ships 

I it is necessary to have a fair amount 

of stability to keep them upright against 
^ the force of the wind acting on the sails. 

The ]>ressure of the wind tends 
to stt5ady the vessel, so that the greater amount 
of stability does not seriously affect the rolling 
motion in this instance. The stability and the rolling 
motion of a ship are determined as above described , 
assuming her to float in smooth water. It might 1)© 
imagined that what holds good under these condi- 
tions might not do so when the vessel is in the open 
ocean subject to th(5 action of wind and waves. 

It is, however, found by experience that a ship 
has sufficient stability at sea when she is found 
to have this in smooth water, and also that she will 
roll more or less at sea in accordanee with the con- 
ditions governing her motion in imdisturbed water. 
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By JUSTIN McCarthy 


The Irish Rebellion. The history of 
Ireland, as we have already said, had for long 
been closely associated with that of England, 
but the American Revolution brought the 
discontent that had long been felt in the country 
to a crisis. 31ol3meux, and immediately after 
him Swift, were among the few, not Catholics 
nor Irish by race, who understood the causes 
of Irish discontent. Among the English stato- 
men of the Georgian era Lord Chesterfield, who 
was appointed Viceroy in 1745, was practically 
the only one who saw to what the system of 
government, which prevailed in Ireland was 
likely to lead, and he soon won the confidence and 
admiration of the Irish people. 

The improvements he made in the govern- 
ment of Ireland, however, only shortened his 
term of rule. Influence was probably brought 
to bear on the King, and Chesterfield was re- 
called. He left Dublin surrounded by enthusi- 
iistic admirers, who besought him to return. On 
his recall, the disconUnt becfime greater than 
ever, and the new Patriot Party was started with 
( 'harles Lucas, a Dublin man, as leader. 

Henry Flood succeeded Lucas, and when, 
by accepting oflice under the Government, he 
became unpopular, Henry Grattan, one of the 
greatest orators of all time, became leader in his 
pla(!e. A moveimnt now began in Ireland for 
the formation of a Volunteer array, ft had a 
great success all over the country, and soon 
(»0,000 men were under arras, with Lord (^harle- 
mont as Commander-in-Chief. 

Grattan and the Catholics. The Irish 
Parliament of those days was not a representative 
Parliament, for no Catholic could either be a 
raemlx^r of it or even vote for the election of a 
member to it. Grattan succeeded in having 
some of these disabilities removed, and in the 
reformed Parliament, known as Grattan’s Parlia- 
ment, Catholics were allowed to vote for the 
election of members, though as yet no Catholic 
was allowed to have a seat in either House. 

This Parliament resisted Grattan’s further 
reforms, and Grattan himself became unpopular 
in the country because, tia a result of his policy, 
the VolunUicrs were disbanded and dispersed. 
In 1794 a new Viceroy was sent to Ireland, Lord 
Fitzwilliam, a man of enlightened views, who 
recognised the justice of emancipation, and 
encouraged the efforts of the Irish leaders. For 
obvious reasons he was suddenly recalled, and 
another Viceroy appointed. This was a death- 
blow to the constitutional agitation of Grattan, 
and the success of the French Revolution 
encouraged Irish hopes for freedom. Ireland 
hoped for help from France, which was always 
regarded as the friend of Ireland. Shortly before 


this the club of “ United Irishmen ” had been 
founded by Hamilton Rowan, with Theobald 
Wolfe Tone, for a time, as secretary. Ix)rd 
Edward Fitzgerald, who had been a meml>er of 
the Irish Parliament, and a 8up]>orler of (ilrattan, 
and was, like Hamilton Rowan and Wolfe Tone, 
a Protestant, joined the Ignited Irishmen when 
they began to organise relxdlion. 

An Appeal to Napoleon. Theobald Wolfe 
Tone went to France for the purpose of persuad- 
ing Napoleon to send a fleet and a competent 
commander to assist in the rclK‘llion in Ireland. 
He succeeded in his obj<*ct, and as he had Ix^ore 
this obtained a commission in the French Army, 
he was himself on board one of vessels, which 
w'cre unable to rctioh th(^ land iK^cause of stress 
of weather. The expidition was, therefore, a 
failure, and Ttme was captured with a number of 
French officers. He was tried by court-martial 
in Dublin, found guilty, and condemned to be 
hanged. He asked to be shot instead, but as 
this was refused, he committed suicide to escape 
the disgrace of the gallows. Lord Edward Fitz- 
gerald was dead. He had been captured in 
Dublin after an unsuccessful rising in Ireland, 
and died in prison of a wound received from one 
of his captors. 

It was now determined by the English Govern- 
ment that Ireland should Ixi united witli England 
by one Parliament, and, in spite of the protests 
of Grattan, the Act of Union was passed by a 
majority of sixty in the Irish Parliament, a 
majority secured by bribery and corruption. It 
b(?(*ame law on Jaimaiy 1 st, 1 801 . Robert Emmet, 
brother of Thomas Addis Emmet, one of the 
leaders in the rebellion of “Ninety-eight,” 
sacrificed his life in tlui unsuccessful rel)elIion of 
1803. He was captiir<‘d. condemned to death, 
and executed on the morning after his 
conviction. 

The Presidency of John Adams. At 

the time of the death of Washinglon, John 
Adams was President of America. ITis life was 
almost co-cqual with the reigns of the last three 
Georges. He hod been a subject of George 11., 
had rebelled against George 111., and, an old man 
in the reign of George IV., he had been for years 
the free subject of a free Republic. Like Wash- 
ington, he had a respect for established forms ; 
in his days men still wore the habit of the 
eighteenth century, and the influence of the Old 
\^rld was still strong. 

Adams, like Washington, btdieved in a govern- 
ing class whose place was at the head of affairs — 
like Hamilton, he distrusted the masses. There 
were already two parties hi the State — Hamilton 
and Adams were rivals for the leadership of the 
Federalists, who believed in the Constitution and 
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wished things to remain as they were. Thomas 
Jefferson, the writer of the Declaration of 
Independence, was the leadr^r of the Republican 
party, afterwards called the Democrats. He 
believed in the doctrines of the Frbnch Revolution 
and disliked England, whereas the Federalists 
were supposed to have a loaning towards English 
forms of government. 

Naval Wap with France. The presi- 
dency of Adams was stormy ; he made himself 
uni)opular by introducing the Alien and Sedition 
Acts. The success of his administration was 
the naval war with the French Diroc^tory, 
in which the United States got the better of it. 
The war was caused by the attempt to extort 
tifty thousand pounds for the benefit of the 
Directory from the envoys sent by Adams to 
France. When Adams’ presidency came to an 
end, in 1801, he was not re-elected. Jefferson was 
chosen in his place, with his colleague, Aaron 
Burr, as Vice-President. 

With the presidency of Jefferson a new era 
began for the Republic ; pomp and formality 
disappeared from official life. He was twice 
elected President, and file eight years of his office 
are important in the history of the United States. 
In tlumi occurred the purchase of Louisiana from 
Napoleon, who had taken it from Spain, and a 
law was passed forbidding the importation of 
slaves after 1807. The American Navy had many 
successful struggles with the Barbary pirates, 
and RolKTt Fulton’s steamboat was latmched on 
the Hudson. Ohio was admitted into the Union 
as the seventeenth State. There had long been a 
dispute as to Ibe ownership of the Ohio valley, but 
the larger part of it was at last made over to the 
(lovemment and l)ecamo known as the North- 
West Sef/tlemcnt, Eventually it became a State 
and took the name of its fair river. 

A Famous Duel. One of the memorable 
events of Jefferson’s presidency was the duel 
between Hamilton and Aaron Burr, who had long 
been rivals, and when, in 1804, Burr failed to 
secure the appointment as Governor of New York 
State, lie attributed his failure to Hamilton. 
Hamilton was mortally wounded and died 
thirty hours after, mourned by the whole 
country. After this, public life was ended for 
Burr. 

.Jefferson’s second term of office was now at an 
end. He would certainly have been elected for a 
third term if he had so desired, but he did not, 
and in 1809 he was followed by James Madison, 
of Virginia, one of the writers of the famous 
“Federalist” papers. He became a Repubhean 
Democrat loader, and as such was elected Presi- 
dent when he was fifty -eight years old. 

The war of 1812 cannot "be looked back to 
with satisfaction by either side. America had 
much to complain of both from England and 
France, for Napoleon’s decrees were as opposed 
to American interests as the claim of England 
to right of search. America had a kindly feeling 
for France, who had helped her to gain her 
freedom, and for Englsmd a feeling of dislike. 
A powerful party in the States was eager forwar, 
the leader of which was Henry Clay, a i0iiig 
Virginian who had settled in Kentucky, had 
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prospered at the Bar, had been in the Senat-o 
and the House of Representatives, of which 
he had been Speaker, and had advocated the 
partial abolition of negro slavery. 

Clay’s “ WarhawKs.” Clay’s party went 
by the name of the “ Warhawks,” and did much 
to stimulate the war spirit, i^gland claimed 
the right to Ktoj> all American ships and to search 
them for English seamen. England insisted on 
her rights, stopped many American vessels, and 
carried off many Engli^ subjocte, and many 
men who were actually Americans were also 
forcibly carried off. Thus thousands of native- 
born Americans were, in 1812, serving against 
their will in Enghsh warships. A commercial 
question was also involved. Eagland issued orders 
forbidding the United States to trade with France, 
and America retaliated by an embarao forbidding 
any American vessel to leave port. The American 
merchants were not pleased with this interference 
with trade ; and the fact that President Madison 
drt^ssed in clothes entirely of American manu- 
facture, to show that the comitry was inde- 
pendent of foreign produce, did not console 
them. The majority in the North were against 
war, but the influence of Clay and his Warhawks 
prevailed, and relations with England became 
daily more strained. Mr. Erskino, the British 
Envoy, was recalled when he made concessions. 
His concessions wore repudiated, and another 
envoy, whose policy was more hostile, was sent in 
his place, but was also recalled. 

The War of 1812. The war spirit grew 
rapidly. The office of a Baltimore editor who 
opposed the war was attacked by a mob and 
was defended by him, assisted by Generals Lee 
and lingan, and at last they had to be lodged 
in prison for safety. But the mob attacked 
the prison and killed Lingan and so injured l^ee 
that he never recovered. War with England was 
now declared, and some were anxious to declare 
war on France also. The United States were at 
a disadvantage, for although England was then 
at war with France, her naval power was enor- 
mous. Her Navy was the largest in the world, 
and that of America the smallest. She had 
experience only of small wars, in which, however, 
she had done well. The American Navy had the 
advantage that its sailors served of their free 
will, while many of the fkiglish sailors were 
pressed into the service. 

At sea the war was on the whole successful for 
America, but cm land she had only one success, 
and the conquest of (Canada was not accom- 
plished. The followers of the Indian Tecumseh 
took the side of England. - General Hull, an 
American, had to retreat to Detroit after an 
unsuccessful attempt to invade C^ada ; another 
American force who surrendered to the English 
at the River Raisin was massacred by 
England’s Indian allies. In August, 1814, an 
English army, under Admiral Cockbum, landed 
in Maryland and marched to Washington, 
which they entered, and by his order, and that 
of General Ross who served with him, the 
public buildings, including the Presidont’s house, 
the Capitol, the arsenal, and the offices of the 
State Department, were burned and the public 



libraries destroyed — a deed which it is impossible 
to defend. 

In January, 1815, General Sir Edward 
Packenham marched on New Orleans with 
about ten thousand men, Jackson defending 
the place with half the number. The English 
Acre defeated, and General Packenham killed. 
This was the end of the war. At Ghent at the 
time this battle was being fought a treaty of 
peac;e had actually bt‘en signed. No attempt 
was made afterwards to impose the right of 
search on American ships. 

At tlie end of the war, James Monroe suc- 
ceeded Madison as President.. He had much 
diplomatic experience both in Ix)ndon and Paris. 
The Holy Alliance, establisluHi by some of the 
European sovereigns in 182*3 for mutual aid, 
restored the King of Spain to his throne. The 
King askfxl for the aid of the Alliance to recover 
his possessions in South America and Mexico. 
This would have threatened both American and 
English interests, and Canning, wJio was then 
Minister for Foreign Affairs, suggested to the 
American Envoy that England and America 
should combine against the action of the 
Holy Alliance ; but Monroe wanted America 
to mtH^t the difficulty unaided. 

The Monroe Doctrine. The policy of 
the Monroe Doctrine was an enlargement of 
Washington's policy of neutrality, and the words 
wert^ John Quincy Adams's which declared 
tliat- the United States could not view' inter- 
ference with the affairs of existing States by 
Euroi^ean Powers in any other light than as the 
jnanifostation of an unfriendly disposition to- 
wards the United States. Monroe accepted the 
responsibility for this, and the doctrine is there- 
fore associated with his name. 

Monroe wtxs succeeded by John Quincy Adams, 
who was followed, in 1829, by Andrew Jackson, 
the last of the Presidents who had fought in the 
Revolution. His financial policy was not success- 
ful, and was the cause of the commercial crash 
which oc^curred in the first year of the presidency 
of Martin Van Buren, who succeeded him. Van 
Buren was not popular, and General Harrison, 
who opposed him for the presidency, was suc- 
cessful, and became the ninth IVesident. But he 
died in a few weeks, and was succeeded by his 
Vice-President, John Tyler. During his prosi- 
<lency the dispute with England regarding the 
boundary betw'een Canada and the UniUd States 
was settled by the Ashburton Treaty, arranged 
by Lord Ashburton and Daniel Webster. 

During the presidency of James Knox Polk 
occurred the war with Mexico and the settle- 
ment of the dispute with England concerning 
the ownership of Oregon. 

The Fugitive Slave Law. The twelfth 
President was General Zachary Taylor, a well- 
known soldier, who died after two years, and 
was succeeded by his Vice-President, Millard 
Fillmore, during whoso presidency the famous 
“ Fugitive Slave Jj&w ” was passed. 

The question of negro slavery had at the 
time of the Convention and the forming of the 
C-onstitution been a difficulty which had been mot 
by compromise, those wffio were opposed hoping 
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that tlic necessity for it would soon cease ; but 
the invention of the cotton gin hy Eli Whitney, 
which made cotton the chief produce of the 
South, caused a great demand for slave labour, 
and it also made the Southerners wish to increase 
their tt^rritory, as cotton exhausts the land it 
grows in, and demands new soil, to provide which 
the South was anxious to add new States to the 
Union. The men of the Northern States, lx‘ing 
t)pposed to slavery in any form, did not wish it t o 
increase, and it was agreed that there should bo 
a non-slave. State for every slave State to pre- 
serve the balance. 

Freclerick Douglas, a Maryland slave, who 
had educatt‘d himself, became convinced that/ 
he would no longer be a slave ; lu* escaped to 
the North, and l)ecame one of the leaders of th(^ 
Emancipation movement. 

A Dook that Made History. One of 
the greatest influences in the Anti-Slavery cause 
was Mrs. Harriet Beecher Stowe’s famous novel 

llnclc Tom’s Cabin.’’ It had an eiuxinous 
success, was translated into every language, 
and read in every part of the worlfl. Tt was 
vain for the Southerners to protest against the 
importance given to it ; its elfect was extra- 
t>rdinary, and made countless converts to tht^ 
cause of Abolition. 

The admission of California as a State was an 
important event in the controversy, (‘alifomia 
was a free State, and to balance its admission, 
and also the abolishment of slavery in thc^ district 
of Colombia, the Fugitive Slave 1a\w was passe*l, 
enabling owners of slaves to bring back those 
who hml escaped and taken refuge? in iion-slav(?ry 
States wMthout trial by jury. The law was 
opposed by all the Abolitionists, but was carried 
notwithstanding. During the presidency of 
Franklin Pierce, the antagonism between the 
two parties increased, and the? members went to 
the two Houses armed. C'harles Sumner, the 
famous Abolitionist orator, was assaulted by a 
Southerner in the Senate, and for a time his life 
was in danger. It w'as now proposeil to create 
new territories, and to allow th(*m to decide 
whether they would bo for or against slavery. 
J'his decision was strongly opposed by the North, 
but the South won the day. The most prominent 
of the Anti-Slavery men was .Tohn Brown, who 
fought with the armenl men of the other side from 
Missouri and defeated them. During the term 
of the next President, .Tames Buchanan, John 
Brown, his two sons, and twenty othiT men 
invaded Virginia at Harper’s Feny. He was met 
by Militia, and his force was all cither 

killed or disabled. One of his sons was killed, 
and he himself was wounded. He lived, how- 
ever, long enough to be tried and hanged. The 
agitation was now at its height, and soon after 
Brow n’s death the presidency of Buclmnan came 
to an end, and the new President was clcc/ted. 

Abraham Lincoln and the Slave 
Trade. Tlie election of Abraham TJncoln 
opened up anew' era in the history of the American 
Republic. Lincoln was bom in Kentucky in 
1809, and w'as the son of an energetic farmer. 
He obtained only a limited education, but 
he made the most of it. He soon became <lrawn 
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into local politics, and was elected to the 
Legislature of the State in which he lived, 
continuing to rise in public estimation and 
l)ecoming known as a resolute opponent of the 
slavery system. In 1860, he was adopUni by the 
Republican party as their candidate for the 
Presidency, and in the March of the following 
year he was elected by a great majority over 
the opposing cardidate. Lincoln at once pro- 
claimed his adherence to his anti-slavery 
principles, a declaration which led to the 
outbreak of the Civil War. 

The Beginning of the Struggle. The 
Southern Stattjs had always been given to mili- 
tary training and the use of arms, while in the 
Northern States agriculture, trade, and coin- 
mer(!e mainly occupied the people. Lincoln took 
prompt steps to form an army with which to 
encounter the uprising South, but the Southern 
States, where a seceding movement had long bt^en 
conU^mplated, were in much btdter condition than 
the North for a trial of arms when the strife came 
on. In the first battle of any consequence, that of 
Bull Run, on July 21st, 1861, the Northern forces 
were defeated, and had to make a hasty retreat 
to Washington. But as the war went on the 
Northern forces grew more and more t‘fficient in 
the art of war, and won some splendid victories. 
Indeed, the commanders and the soldiers on both 
sides displayed the highest capacity for war ; 
and if, on the side of the North there were 
generals such as Grant, Sherman, and Sheridan, 
there were on the other side men Uko Thomas 
Jonathan Jackson, and Robert Edward Lee. 

The Confederates (the Southerners) had fixed 
their capital at Richmond, in Virginia, and 
elected Jefferson Davis as their President. 
Jefferson Davis had been educated at the 
military academy at West Point, had served in 
several frontier campaigns, and then entered 
political life and sat in the Senate for some 
years, where he distinguished himself as an 
advocate of the right of each State to maintain 
slavery if it would. 

The war went on until the middle of May, 1865, 
when the Confederate States were compelled to 
give up the struggle. The victorious Federals (the 
Northern States) behaved with great magnani- 
mity towards Jefferson Davis, tlieir prisoner. 
He wa.s imprisoned for the time and then 
relea.sed on giving security for his peaceful con- 
duct in the future. The close of the war was 
followed in strange and sudden fashion by 
President Lincoln’s death. On April 15th, 1865, 
he was attending a theatrical performance in 
Washington when ho was shot by Wilkes Booth, 
an actor, who was to all appearance insane. 

The Dispute over the Alabama. 
There was a serious controversy between Great 
Britain and the United States with regard 
to the 8U»amer Alabama, a private<?r employed 
durmg the war in the service of the Confederates, 
having been built in an English port by an 
English shipbuilding firm, and manned chiefly 
by English seamen. The United States Govern- 
ment mode strong complaint concemiim the 
injuries inflicted on the Federal meHuitile 


shipping, and put in a claim for the repayment 
of those losses as well as for indirect losses 
caused by the transfer of trade from British to 
American shipping. This dispute went on for a 
considerable time and was settled by an Inter- 
national Conference held at Geneva in 1872, 
which rejected the indirect claims of the Federal 
Government but awarded heavy damages for tho 
losses directly caused by the ship’s expeditions. 

After the death of Abraham lancoln, Andrew 
Johnson, Vice-Pi'esident, succeeded him, and 
was in his turn succeeded by General Grant. 
Then followed Rutherford Hayes, General 
Garfield, who was assassinated in 1881, General 
Arthur, Grover Cleveland, General Harrison, 
Grover Cleveland again, William McKinley, who 
was assassinated in 1901, and Theodore Roose- 
velt, who was a second time elected to the 
position of President and still holds the office. 

War with Spain. One of the most 
remarkable events in the recent history of the 
United States was the war between the Republic 
and Spain. This war was brought about by 
the manner in which the Sovereigns of Spain 
had long governed Cuba and other islands in 
the seas which wash the southern coast of the 
American Republic. Spain had ruled those 
islands according to the systems universal 
among conquering states during the Middle Ages, 
and had not altered with the growth of modem 
civilisation. The result of this was that tho 
inhabitants of the subjected islands were con- 
stantly breaking out into insurrection against 
the Spanish rulers, insurrections which were put 
down by unsparing force and remorseless 
cruelty. There wore several expeditions from 
tho United States in support of the Cubans, but 
as they had no support from the American 
Government, they did not succeed. But in 
spite of this it became apparent that the United 
States would have to take decided steps to bring 
about a better condition of things in Cuba. 

The States Acquire Cuba and the 
Philippines. The President of the United 
States tried to do something through the 
influence of some of tho European states. The 
Government of England was friendly towards 
this proposal, but other European Governments 
— ^France, Spain and Austria in particular — were 
more inclintMi to bring pressure to bear upon the 
United States to tho end that Spain might be 
allowed to govern her islands in her own way; 
and so the project failed, and Spain became more 
arrogant in her defiance of the United States. 

In the middle of the crisis a war steamer 
belonging to the United States was blown up in 
the harbour of Havannah, and although the 
Spanish insisted that the occurrence was 
accidental, war began. But it had no sooner 
begun than it was over. 

The Treaty of Peace was signed at Paris on 
December 10th. 1898, and Cuba and the Philip- 
pines became part of the possessions of the 
great American Republic, teom which they 
rectuved absolute local fre^om, with the full 
assurance that in the due course of time they 
were to receive national independence. 
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PRINCIPLES OF COMMERCIAL DESIGN design 

Repetition by Stencil. The Problems of Composition, Spacing and Pro- 
portion. The Necessity for Fitness in Means, Material and Purpose continued 

from 


By P. G. KONODY 


A BEAUTIFUL form in Nature constantly 
repeats, but repeats always with a difference. 
Wliile Nature is lavish and informal, design must 
be formal and restrained. The esBonoe of the 
repeat in design is one of exact reduplication, 
which is contrary to Nature. The dt^igner, 
therefore, will find that repeated ornament must 
be abstract in order to be satisfactory. He 
must start by building up his design on some 
geometrical basis — the square, the diamond, or 
the circle. Then lot him think out his leading 
feature, some flower or graceful curve, which, by 
such principles as those of balance or contrast, 
will suggest other features ; but the final test 
of all must be the capacity to repeat. It must 
be remora bored that all sorts of free scroll motives 
are consistent with, and, indcA'd, based upon, 
geometrical ground-plan. Bold flowing pattern, 
with richness and variety of detail, is perfectly 
possible on a geometrical base ; whereas, with- 
out a geometric plan, want of balance, irregu- 
larity of lines, and awkward gaps are certain tt» 
occur, only to be perceived when a paper is 
liung. Above all, it is important that the 
designer should constantly test his repeat. 

Stencil Design. One method of obtaining 
an exact repeat is to use a stencil pattern. By 
its means ornament may be duplicated economic- 
ally without the aid of machinery, and it enables 
the artist not only to execute his own design, 
but to allow the personal element to enter 
into its application. The simplest form of 
stencil is that cut out with the knife on a piece 
of cartridge paper. Let the beginner try first- 
the effect of cutting out a simple form — say, a 
star or a single flower. If the stencil is then 
placed over a sheet of paper, pigment may be 
rubbed or painted over it, and will leave the 
pattern registered on the ground. From this 
experiment it is but a step to the cutting of more 
complicated designs. In order that the sUmeil 
plate may hold together strongly, the pattern 
must be broken up into small parts, or held 
together by “ ties.^' These ties are like the 
“ brides ” in a lace pattern, but in lace the 
design is complete in itself, and the ties serve 
simply to hold it together. In a stencil design 
the ties should form an integral part of the 
pattern. Perfect continuity of line is obviously 
impossible, and the designer must therefore find 
convenient ways of uniting his masses and 
crossing his lines so as to form natural ties. 
The Japanese have always excelled in the art 
of stencilling, and some of their flower patterns 
are marvels of dexterous craftsmanship. In 
many of their intricate patterns the ties con- 
sisted of fine human hair. One great advantage 
of the stencil is that in the iiersonal application 


of the colour it allows the artist to use pleasing 
gradations of tone. 

The Problem of Composition. The 

system of repeat is one by which units of orna- 
ment are distributed over large surfaces, such as 
wallpapers or carpets. Another problem that the 
designer has to solve is that of filling harmoniously 
a given space — a square or (urcle, a rectangular 
panel, a diamond, or lunette. This problem 
of filling a defined space, the problem of “ com- 
])08ition,” is one that presents itself to oveiy 
painter. In his case he has to represent in a given 
space a piece of Nature that, as it were, com- 
poses itself ; or else he has to select and define 
in his given area certain aspects of the Nature 
before him. The designer, on the- other hand, 
is called upon not nu^rely to select and interpret 
Nature, hut to pr<^duoe original ornament for 
distribution over all kinds of spaces, amid varii d 
surroundings, and for execution in different- 
materials. 

It is impossible to formulate any laws for com- 
position, for it is absolutely free from all rules 
and must largely depend on natural taste. 
Common -sense should teach the student that a 
circle should not be filled in the same- way as a 
square ; and that, if a naturalistic composition 
is employed, a stiff-growing, formal flower, like 
the tiger-lily or the tulip, should not be used 
to fill a space enclosed by flowing or spiral hnes. 

The Mastery of Spacing and Pro- 
portion. The main principle of spacing is 
that all decoration should follow the structural 
idea, empha'^ising and enforcing the lines of the 
thing or space decorated. The principal lines 
and masses should harmonise with or repeat the 
outlinc^a of the space. Where the human figure 
enlA^rs into any scheme of decoration, it is parti- 
cularly necessary that it should be so adapted 
that its main lines and curves follow the form 
of the space which it fills. Among the greatest 
masters of spacing are the Japanese, whose work 
has had so much influence on modem Euro|>ean 
art. It is a common error to suppose that 
Japanese designs are merely hajihazard and 
accidental. Careful study, however, will show' 
that the principal and subsidiary masses are a 
matter of deliberate arrangement. A Japanese- 
designer, moreover, never runs to riot in his 
ornament, but excels in the useful quality of 
leaving open spaces untouched in his design. 

Taste and experience teach that certain spacxjs 
and proportions arc harmonious, and others not ; 
but here, again, mathematical laws are impossible. 
In the perfect human figure the head bears a 
definite relation to the whole height ; and in the 
same way the relation between capital and column 
in classical architecture became a matter of 
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dcifinite measuiement. Experience will soon nient and the use of different tools ; and these 

show the value of certain proportions — that a separate influences should all be apparent in 

j)anel, for instance, should be absoluU^ly square, the finished work. The natural qualities of the 

or else plainly oblong. In mounting a drawing material should all be emphasised — tiansparency 

or engraving, the eye demands that greater in glass, massiveness and solidity in stone and 

space should be left below than above ; for it is marbk% strength and lightness in wood, and so on. 

an optical fact that if the two spaces ar e actually To represent in marble all the delicate intricacies 

equal the lower appears less than the upper. of a lace veil is ingenious, but not art. A glass 

To mak(^ a room half frieze and half dado window must never emulate the finished work 

would be disastrous to decoration. It will thus of a painter on canvas ; its province is to be a 

be seen that equality is often antagonistic to mosaic of glowing colours, subordinate to the 

good design. The Greek architect, for instance, architecture of which it should form an obvious 

never allowed two mouldings of the same width part. When the glassworker begins to attempt 

U) come together on his frieze. the full chiaroscuro of the painter on canvas 

Fitness in Means. To all good design lie loses at once the individuality and beauty 

beauty, in conjunction with fitness, is essential. of his own art. Material and proc^ess should always 

By fitness may be understood suitability in d(^termine the pattern and character of ornament, 

respect Uy the means by which the design is The potter's clay thrown on the revolving wheel, 

executed, to the material in which it is exx)rc8sed, the molten glass blown by means of a tube, the 

to the purpose for whicli it is intended, and the plaiUd straw of the early bosket-maker, seem 

position which it is meant to occupy. to lend themselves to certain simple and natural 

The designer should never attxunpt to conceal designs. The best design is always that naturally 

the means by which his work is prinluced. suggested by the material it-self [8 and 9]. 

Pen or brush, hammer or chisel, each should Fitness in Purpose. Material must con- 
be allowetl to tell its own tale in its own language. stantly enforce certain designs, as when the 

Modelling in clay, to take an instance, should niediieval carver was compelled to compose 

never be carried to such sharpness and crispness his figures in curves to suit the twisted tusk, 

that it appears tx> have been worked with the In material less simpl? and with designs more 

chisel. Chip-carving, done with knife or chisel, complicated, the material must be allowed to 

should keep its own simplicity, differing at a assert its own individuality. The designer must 

glance from work produced by the gouge, the always be sure that the characteristics of a 

drill, and other tools. It follows, too, that the best pattern are conformable to his maU^rial. He 

designer of work to be produced by mechanical should visualise his work in its complot-ed form, 

processes will l>e he who undersUinds the capa- not looking at his design simply as a finished 

bilitics and limitations of machinery, the methods drawing upon paper, but always bearing in 

by which carpet/S are woven and wallpapers mind the aim and purpose of his work, the con- 

printed. Machinery is, in a s(‘nse, the curse ditions under which it will be used, and the nature 

of modern dt^sign. There no longer exists the old of the material in which it will be executed, 

joy of handicraft, when th(^ artist was designer In textiles there should be a great difference 
and craf1,sman too, letting hand and mind work bet ween a pattern for hangings or a dress material, 

together in the preparation of a thing of beauty both of them meant to hang in folds, and that for 

for beauty’s sake. At the same time it must be a carpet, which lies flat with its pattern displayed, 

recogniswl that mechanism is an essential part Wallpapers or carpets should possess characteris- 

of applied art, and must remain so. tics quite distinct from a curtain or dress material. 

The artist who would produce effective work Wall and floor are stiff and uniform, while curtain 

must realise the existence of the industrial and dress arc flexible and uneven. To decorate 

and economic conditions of to-day. The both in precisely the same way would be to 

di^signer for wallpapers, for instance, must transgress the law of fitness. For a floor, a 

remember that the printer’s block is twenty- pattern of a rectilinear character will best 

one inches in size ; and he should know how express solidity and firmness, as is shown in 

the colour-printing is worked, and what number tiles, mosaic, and parquetry work. The sense of 

of printings are commercially possible. The flatness may be preserved in any formal pattern, 

designer of carpets must remember that carpet- not necessarily rectilinear, but it is interfered 

weaving is done in square or diagonal lines, with by strongly contrasted colours, or by 

giving a pattern really by means of a succes- colours that give the appearance of more than 

sion of square tufts. He cannot therefore one plane. A pattern, too, that might be suitable 

depend on delicate curves, but must allow and beautiful in light silk would be ill-adapted 

for squareness in design ; but, on the other to a heavy fabric ; and what might seem coarse 

hand, he has practically no limitation in his and extravagant in muslin might be eminently 

colour scheme. suitable in a cretonne. Where a rich material. 

Fitness in Material. The designer must such as silk or velvet, is in question, its natural 

also bo influenced by knowledge of his material, beauty and richness are best displayed by using 

its colour and texture, its adaptability for a large pattern which leaves plenty of spaces to 

cutting, weaving, moulding, or beating into a show the plain ground. For a cheap material, 

form at once useful and artistic. Iron or gold, such as a common calico, a small and crowded 

glass or clay, will all require a different treat- pattern may be advisable. 

0 Contitvued 
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Group 14 

NICKEL, LEAD, & ALUMINIUM metals 

Occurrence and Metallurg:y of Nickel, Cobalt, Lead, 16 

and Aluminium. Their Properties and Industrial Uses continued iroi.. 


metals here dealt with are three of the most phalian nickel equaled that of medium hard Besae- 

* interesting. Two of them, nickel and aluminiura, mer steel. The following results were obtained 

have had practical application, as metals, only by Mr. R. A. Hadfield for 98*8 per cent, cast 

in modem times, and are further peculiar from the and forged nickel. The comparative values given 

fact that they are produced industrially by pro- for iron are by Professor Arnold for 99*8 per cent, 

cesses quite outside the range of general metal- cast and forged iron, 

lurgical }>ractico. Again, two of them repre- 
sent the limits of weight among commercial TEISSILK STRENGTHS OK NICKEL 

metals ; lead is the heaviest and aluminium Ten«ii«*M 

the lightest of the industrial metals, 

NICKEL AND COBALT ^ ^ |Nuur,. 

In tlie early part of the eighteenth (century Forged j u \ it ' ‘ 

there was an arsenioua ore which much troubled Forced (annealed). . j 7 
Swedish and (hTinnii miners, owing to its de- 


ceptive resemblance to native copper. They termed 
it koppar uickd or kupfernickd, “ devil’s worthless 
copper,” from a form of the derm an nifklam^ which 
is represented in English by “ Ni(‘-k,” “ Old Nick.” 
Crons ted t examined it and in 1754 isohited the 
metal contained and, reasonably enough, called it 
nickel. The closely allied metal cobalt prol)ably got 
its name in similar fashion from the Ccrnian kohold 
(goblin) on account of its poisonous and troublesome 
mining character. 

Properties. Nickel and cobalt are hard 
metals related, chemically, very ilosely to one 
another and to iron, belonging to the* iron group 
of metals in the Periodic Systtmi of Newlands and 
Mendelceff. They are nearly always foimd in associa- 
tion. Nickel (Ni, atomic weight, 58*77) is a white 
metal with a brilliant lustre which is but slightly 
tarnished by air, moist, dry, or carrying carbon 
dioxide, at the ordinary tem^ieratures. Cobalt 
(Co, atomic weight generally given ns 59, but 
uncertain ; a value found in 1906 is 58*895) is a 
reddish-white metal which is untarnished in air. 

irom Toeir uxiues wjtu n[««ii/rtiiT'uuoij 

ignite in air, and on both a scale of dark-colourod 
oxide is formed when strongly healed. 

Nickel has a specific gravity of 8*35, increased by 
rolling to from 8*6 to 8*9, and cobalt one of 9*0. 
The specific heat of pure nickel is given by Roberts- 
Ansten as 0*1108 and by Regnault as 0*1086, iron 
being 0T13 (Roberts- Austen). Its eoeftieieiit of 
linear expansion for 1’ C. is 0*0000127 (Roberts- 
Austen), compared with 0’0000121 for iron. The 
melting point of nickel has been variously de- 
termined at from 1,390^ C. to 1,5(KV C., while 
tha fusing point of cast iron is from 1,135’ C. to 
1,220 ’ C. (Roberts-Austen); }»ure, 1,600 C. (Hiorns'. 
Cobalt is slightly more fusible than iron. When 
molten, nickel occludes carbon monoxide, whwdi is 
given out on cooling, rendering the metal jiorous. 

Nickel is a very hard but malleable and ductile 
metal, and has been rolled and hammered info 
sheets not more than 0*0008 in. thick, and drawn 
into wire not exceeding 0*004 in. in diameter. 
Its tensile strength has been said to exceed that 
of iron. St. Claire Deville found that a nickel 
wire containing 0*3 per cent, of silicon and 0*1 per 
cent, copper bore a strain of 200 lb., while a similar 
iron wire broke at 133 lb. ; while Kollmann found 
that the tensile strength of a specimen of West- 


With 98 per cent, cold rolled nickel Fremont 
(of l^e Nickel Compagnie) obtained an elastic limit 
of 22 tons per square inch. The metal is easily 
welded .at a white heat both with itself and to 
iron and to certain other luetals ; this property is 
the basis of an excellent nickcl-])lating process 
invented by Flcitmann. 

Nickel is magnetic, though not equally with iron 
(1 ; 1*5); cohalt is only slightly magnetic. Both 
metals are said to lose their magnetism when heatel 
to about 350 ' C. Their relative electric conductivi- 
ties (Ag' 1(X)) are 12*89 and 16*9 rosnectively. 

Nickel is slightly acted upon in the cold by 
hydrotihloric and sulphuric acids, hut dilute 
nitric acid and aqua regia dissolve it readily. It 
is, however, hut very slightly attacked by organic 
acids and the alkalies. Fused alkalies oxidise 
platinum: and nickel, therefore, replaces this metal 
for laboratory crucibles and other vessels used for 
melting alkalies. Where expense is a secondary 
consideration it is a valuable metal for culinary 
utensils. 

Nickel and Cobalt Ores. Nickel is 
eom]>aratively a non-abundant element. It ic 
})resent in th»^ sun’s atmos}»here, and has been found 
in meteorites. It is very rarely found native. 
Its ores are complex mixtures, divisible into three 
classes: sulphides, silicate, and arscnjferous. Cobalt 
ores are almost invariably associated with nickel 
ores, and cobalt frequently rc|)lac(‘s nickel in part. 

’rhe most im|K>rtant mines are those of fiudbury, 
Ontario (sulphides), ami of New Caledonia (silicate). 
Mine^ in different parts of Eurojie produce smaller 
quantities of arson iferoiis ores. Alino«t the whole 
of the 11,810 tons of niitkel jiroduccd in 1904 came 
from the Sudbury and New Caledonian ores 

The largest dcqiosit is probably that of the 
great nickeliferoiis divstrict of Sudbury, covering 
about 2,800 square miles. Hero the ore consists 
of a mixture of chalcopyritcs (Cu jS.Fe ^S..,) and 
pyrrhotite, a monosulphide of iron, part of the iron 
and copper in the two minerals, varying from 
2J per cent, to 10 ]ier cent, (partly with the depth 
of the deposit), being replaced by nickel. This is a 
sufficiently large proportion to make the deposits 
jmy as nickel ores, the copper (practically the 
whole produced in the province of Ontario) being 
a by-piodiict. The ore is not found in veins but 
in irregular Iciilicular masses and pockets. 
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MiUcrit<i (NiS), a valuable source of nickeb is 
sometimes found with the Sudbury pyrites. 

The ore of New Caledonia is garnicritc [(NiMg) 
SiO.., -f n HoO], a silicate containing from 7 per 
(;ent. to 8 per cent, of nickel, 41 per cent, to 46 per 
cent, of silica, and oxides of iron, aluminium, and 
magnesium, found by Gamier in 1875. It is free 
from arsenic, sulphur, and copper. Other nickel 
ores are the blende, glance, cobaltic pyrites, and 
kupfernickel, found in s nailer (piantities in various 

1 )arts of Kuro))e. Smaltine, cobaltine, and cobalt 
)loom art^ European arsenious cobalt ores. 

Treatment of Ores. There arc many 
nickel ore reduction processes, but the commercial 


The Mond Process. This is the only process 
in metallurgy where the metol sought forms a gaseous 
compound during the pro cess of recovery. It depends 
upon the fact, accidentally discovered by Drs. Mond 
and Lange in 1889, that at about 60^ C. nickel forms 
a volatile poisonous compound with carbon mon- 
oxide, known as nickel carbonyl, Ni(CO) 4 , which is 
entirely dissociated by raising the temperature to 
150' C. Iron is the only other metal which forms 
such a compound. Several patents were taken out, 
and the Mond process has been commercially oper- 
ated since the beginning of 1902, at Clydach, near 
Swansea. The principal operations of the process 
are shown diagrammatically [ 1 ]. Cupriferous nickel 
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1 . DIAGRAM OP OPBRATIONS OF MOND NICKEL PRO(7ESft 


and the important ones come under three heads : 
copper ores (dial copyrites) by two processes only, 
the Mond and Orford ; silicate ores (garnierite) by 
rc[)catcd reverberatory roastings ; and arsenical 
and sulphurous ores by the production of a matte 
or R}>ci88. In all fTOccsscs nickel oxide is produced 
which is reduced to the metal. 

The first pro(;css in treating the sulphurous 
ores of Sudbury is roasting. After crushing and 
sorting, the ore is roasted in heaps of from 600 tons 
lo 1,800 tons, ])iled up on a bed of wood to about 
(> ft. or 8 ft. high. The heaps are allowed to 
burn for from six to ten weeks, whereby the 
sulphur content is reduced from 22 per cent, to 
7 per cent., the iron partly oxidised, and the ore 
disintegratcnl and reduced to a- matte. 

The silicate (New Caledonian) ores do not reipiire 
the preliminary roasting. At first their purity 
induced tlieir discoverer to work them direct in 
wind furnaces on the same principle as that by 
which lug-iron is produced. But tin's process ha,s 
been abandoned because it was found impossible to 
removesulphur entirely, 
and a matte is produced 
by smelting in n water- 
jacketed furnace with 
sulphur or salt-cake. 

This matte is powdered 
and roasted 
with cjuartz 
sand two or 
Ihrt^o times to 
redutic the per- 
centage of iron. 

The nickel is 
then oxidised by 
double roasting in a reverberatory furnace (the 
iron and sulphur being driven off) and the oxide 
reduced by heating cubes of it, made with Hour or 
other paste, in a muffle or crucible furnace. 

Bessemer-refined nickel matte (containing 24 }jer 
cent, of sulphtlr, 75 per cent, of nickel, and about 0*5 
j)er cent, of iron) cannot be further treated in the 
converter, jiartly because the nickel oxidises with 
the sulphur, and also because, with the reduction of 
the proportion of sulphur, the melt tends to solidify. 

Sudbury matte contains copper, and nickel 
can be extracted from it in the dry way omy by the 
Mond and Orford processes. 
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ore mined at Sudbury is roasted and concentrated 
by Bessemerising* and the matte obtained, contain- 
ing from 80 to 40 per cent, of nickel and about 45 per 
cent, of copper, is ground in ball mills at the works in 
South Wales, and calcined to form nickel oxide and 
drive off 8ul])hur and arsenic. It is then leached 
with sulphuric acid, about half the cop})er being 
extracted us auli)hate, w'hich is crystallised out and 
sold. A diagrammatic representation of the plant used 
is given in 2. The eo])per-extracted matte, which 
is separated by filtration and centrifiigalisation, 
is carefully reduced in reduction towers with water 
or producer gas. In order to prevent the formation, 
lat(»r on, of iron carbonyl, it is necessary at this stage 
to keep the tem|)erature as low os possible, so that 
iron oxides may not lie reduced. This regulation 
of temperature is achieved in the reducers, which 
are built up of a number of short cylinders, with 
hollow bottoms, through which combustion gases 
from a flue, or water, or air, may be circulated for 
heating or cooling. The water gas rises through 
the towers, passing over a stream of matte, descend- 
. 7 'inder to cylindor, 
through side and central open- 
ings by means 
of stirrers, re- 
ducing the 
oxide to crude 
metal. The re- 
duced nickel is 
conveyed by 
means of eleva- 
tors to the vol- 
atilising towers, 
where carbon 
monoxide is 
passed over it in a similar manner to the reduction 
treatment. The volatilisers are similarly constructed 
of cylinders, without hollow bottoms, however, the 
heat of the material from the reduction towers 
and of the gas rising through being suffleiont to 
maintain the temperature of 50® C. required for the 
formation of nickel carbonyl. The nickeliferous 
material circulates by means of elevators among 
the volatilisers for from seven to fifteen days, to 
complete the formation of carbonyl. 

The nickel carbonyl gas is then drawn by means of 
a blower through a filter (to remove flue dust) into 
the decomposing tower. Here the gas passes over 
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granulea of metallic nickel, kept in motion to prevent oxide (0*3 }ier cent, makes it brittle); and chlorine 

cohesion, at a temperature of about 200’ C., by (0*18 per cent, makes Ciorman silver unreliable), 

means of which it is broken up into nickel and Cobalt, copper, and silicon in small quantities do not 

carbon monoxide, the metal being deposited on the injure nickel. The absence of these impurities is aimed 

granules, and the gas released and returned to the at by making pure a nickel oxide in the prelim inary 

volatiliser. The reaction is shown by the equation processes as possible. Fleitmann found that inag- 

Ni((T))* — Ni f 4C(). The granules are essential to nesium effectively removes these small amounts of 

start the decomposition. The pellets produced are impurities, which at first prejudiced the use of 

particularly suitable for alloying. They contain nickel in alloys. It was added as a nickel alloy in 

from 99*4 to 99*8 per cent, of nickel, never more amounts less than ^ per cent. Aluminium has 

than 0*5 i)eT cent, iron, and traces of sulphur and now entirely superseded magnesium for this and 

carbon. similar purposes. 

The process is somewhat delicate, owing to the NicHel Alloys. The largest use for nickel is 
tcm})erature conditions which have to be observed; in its alloys, German silver and nickel-steel. On 

but, from the fact that nowhere does it exceed account of its non-tamisliing properties and i>ower 

300" C., the fuel consumed is small in amount, and of taking a high polish, it is very largely used to coat 

the repairs to the plant inconsiderable. It is auto- other metals. 

inatic and also regenerative so far as the carbon Nickel-brass alloys are harder, stronger, and more 
monoxide is concerned. Sir James Dewar took chemically resistant than brass, while nickel-steel 

out a patent in 1902 by means of which the process alloys are harder, tougher, and more tenacious and 

of carbonyl formation is considerably shortened. ductile than steel ; but they are somewhat delicate 
Th« Orford Process and Speiss Ex- mixtures, and are affected by very small quantities 
traction. In the Orford, or separation-smelting of the foreign metals mentioned above. For in- 
firoccsR, a nickel- cop ^ler matte is smelted with salt- stance, nickel smelted in the old way from speiss 

cake and coke, producing “ tops ” and “ bottoms,** always contained arsenic. The introcluction of 

which are re-smelted. The niekeliferous sulphide nickel alloys was thus prevented for a long time, 

bottoms obtained are roasted with salt in a rever- Nickel is used in alloys either as the spongy mass 

beratory furnace, nickel oxide being formed. This which is produced by carbon reduction of the oxide, 

is leached out and reduced with coke in the furnace as Moiid ])ellet8, or as the oxide, the latter Ijeing 

to crude metal. Until 1903 the nickel so produced largely us^ for nickel-steel. Nickel alloys contain- 

wns electrolytically refined, but as nearly half the ing more than 25 ixt cent, of nickel are always whiti‘, 

charge became anode scrap in the process, it had to owing to the great colouring power of the metal. 

Iw abandoned when metal over 99 per cent, pure German Silver. Clerman silver is a brass 
was produced by the carbon-reduction and Mond with the addition of nickel. It is an alloy in wido- 
processcs. spread use, and was prepared by the Chine^sc, long 

Nickel speias is produced from arseniferous ores, before nickel was known as a metal, by melting 

or, with matte, from a cupro-arseniferous ore, by cop[»eT with nickcliferous minerals. It was similarly 

oxidation with silica. The metals pass in a regular projiared in Europe in 1770. It is also known und/r 

order into the slag as silicates, cobalt and nickel the names nickel. silver, argentan, ncusilber, pack- 
going last. Unoxidised arsenides form a speiss, lung (“white copper”) and maillechort. Neviuia 

which sinks throiigh the slag. When only a nickel and Virginia silver, silveroid, silverite, electnim, etc., 

and cobalt sjieiss remains, this is re-fluxed and re- are varieties of the same alloy, with different })ro- 

fused to obtain a nickel speiss with a cobalt slag. portions of the constituents, and, perhaps, also 

*rhe Hfieiss may then be worked up by roasting, containing cobalt, iron, or manganese. German silver 

or, if a particularly pure nickel is required, by the is valuable on ai^count of its whiteness and capacity 

complicated wet process consisting of a series of for polish, hardness, toughness, malleability and 

about sixteen precipitations and other chemical ductility, and its chemical resistance to air and weak 

operations. food acids. (German silver is crystalline, and cast 

Electro - chemical Treatment. No plates crack on hammering. The crystalline striic- 

known ore of nickel is pure enou^ or croetaias tore is destroyed by rolling and hammering opera- 

enough nickel to be directly otectro-cbemioaliy tions, with fr^uent annealings, and the metal is 

treated. Fleetrolyais is not at present practic^ty then easily worked under the stamp or in the rolls, 

applicable to nickel mattes. High pot^tiah are provided the metals used in alloying are pure. In 

necessary to deposit nickel from solutiem, and these making German silver, the alloying metals .are used 

cause most other metals to be co-depoeited. A thick as binary alloys — a nickel and (jopper alloy 1 cing 

deposit of nickel is therefore very difficult to obtain, mixed with brass. Modem proportions for the alloy 

although there is nothing lacking in the thin coating vary very considerably. Some of the representative 

obtained in nickel-plating. Electrolytic refining formulae are given in the folio wini: table. 

of nickel and cobalt is also im- 

practicable, but a copper-nickel OOMFOgfTION OK GERMAN 8ILVKR ALLOYS 

alloy is produced by an electro- 
lytic process from mattes. 


Refining. Formerly coarse 
nickel contained as much as from 
lO to 40 per cent, of impurities, 
but metal 98 per cent, pure is now 
readily obtained from any ore, 
while Mond nickel is from 1^*4 to 
99*8 per cent. pure. The chief 
impurities are iron (1 per cent 
destroys extensibility in German 
silver); sulphur and arsenic (1*1 
})er cent, of either renders nickel 
unsuitable for rolling); nickel 


The ideal aUoy 


Extra white metal 
Berlin argentan. 


Eleotnmi 


61-6 

For spoons, forki etc. 


59 

Coin metal 


75 

White metal 

24 

54 

Sheffield 

24 

57 

Rest best 

21 

59 

Firsts 

HI 

56 

Packfong 

ir>( 


Thirds . . 

12 



Fifths 


The be.^t for beaiify, lustre, 
and working 


Blue-white, untarnishable 
(\)ntincntal coinage 

22 

29 

28 

40‘S Chincso alloy 

]^or plated gcnnls 
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Platinoid is a German silver with 2 j>er cent, of 
tungsten jwlded. It has the properties of German 
silver, blit its electric resistance is times greater, 
and changes only 0'0209 


ohm per degree between 
O ' C. and lOO C., whereas 
German silver changes 
0*044 ohm per degree, and 
copper 0*38. Its resist- 
ance, therefore, being 
very high, and approxi- 
mately constant, it is 
largely used for resistance 
boards and similar jnir- 
poses. 

Nickel - steels. 

Nickel added to stotd 
raises its elastic limit 
and knsile strength and 
increases its hardness and 
its resistance to alter- 
nating stress, impact, or 
shock without seriously 
lowering its extensibility. 

It had long been noted 
that meteorite iron is 
tougher, more malleable, 
and less easily corroded 
than ordinary iron, and 
it was known that nickel 
was present, but it was 

not until pure nickel was obtainable that alloys 
with iron were successfully made. Most harden- 


3. STEEL PLATE PERFORATED BY PROJECTILES 


owing to the elasticity of the plate. The pro- 
jectiles, which were fired at a hardened niokel- 
steel Vickers plate, 11*8 in. thick, would have ])er- 
forated an iron plate 2i\ in. 
_____________ _ they broke 

against this plate, leav- 
ing their heads imbedded, 
without cracking it. 
Krupy) plate contains 3*5 
jwr cent, of nickel, 1*5 
per cent, chromium, and 
0*25 j)er cent, carbon. 

Results of iccent ar- 
mour plate trials by 
Messrs. Vickers, Sons, & 
Maxim, Ltd., are shown 
in 3 and 4. The former 

[3] is reproduced from 
a photograph of a 4 -in. 
plate made of non • 
cemented steel, which has 
l)een completely perfor- 
ated by four projectiles, 
4 in. and 3 in., two of 
which are shown in the 
ydiotograph, practic dly 
undamaged. The latter 

[4] shows part of a 1900 
cemented nickel - steel 
54* - in. Vickers plate 
which completely broke 



up a O-in. shot, the fragments being shown at the 
bottom of the ))hotograph 

COMPARATIVE STRENCTHS OF REPRBSENl ATIVE NICKEL-STEELS 


I 


Arnold . . \ — 

Saukey & f Annealed 

Smith { Do. (Shofrield) 

I 011-temperod((3f*rmaii)] 

' 1 Rolled and annealed 
JKi. 

ing constituents of yiron and steel make the metals 


Riley 


■{| 


?c» cent. 

Carbon. 
Per rent. 

oil 


Toiih per 
wi. ill. 

22 4.5 

26*8 


2 ' Of) 

0-32 

0*512 

21*7 

39*3 


301 

0-28 

O.Mtt 

21*9 

39*2 

403 

4175 

0-31 

0 * 61.5 

23*7 

50*4 

! 54*3 


o-.^v 

0*34 

0*52 

32*5 

46*8 

42*1 

i 430 


but nickel i^id ii 
strength bjfctors 
ativc nickf*l-Hte( 
in tlie labic 


brittle, but 

U’lie strength 
presen tati VC 
shown 

above. For ordin^iry soft steel 
the limit of (dasticity is almut 
13 tons, and the ultimate 
strength from 22 to 35 tons 
per square inch. 

The combination of ductility 
with strength and hardness 
X)articularly fits nickel steel for 
armour, and it is probable 
that no armour or deck-plate 
is now made that does not 
contain from 3 j>er cent, to 5 
per cent, of nickel. The best 
armour plate yields by perfor- 
ation rather than by fracture. 
Nickel- steel armour was 
adopted by the British Navy 
in 1890. In an official test 
made some years 


inungunese are excejitions. 
of re- 
steels are 
given 



On account of ita 
high ela.stie limit, 
nickel-steel is of great 
im])ortanco for gun- 
steel in combatting 
the fatigue induced by 
rei>eated high firing 
stresses. Its high elas- 
tic limit, combined 
with ductility, also 
give it value for 
marine shafting where there are continual variations 
of alignment, owing to wave shocks, the indeffnitc 
repetition of which moans 
rupture of the shaft. The 
use of a 3*25 percent, nickel- 
steel shaft instead of ordinary 
steel multijdied by six the 
number of rotations before 
breaking. In a series of Ameri- 
can flexure tests, a 5 per cent, 
nickel-steel tube bore 
1,000,000 flexures, compared 
with 100,000 for a 0*1 per cent, 
carbon steel. Its resistance 
to alternating stress and shock 
render it exceptionally service- 
able in high-B|ieecf engine 
parts, marine shafting (as men- 
tioned above), girders, stan- 
chions, railway axles and 
tyres, and hull plates (nickel- 
steel is less corroded in salt 
and fresh water than steel), 
where rigidity without brittlc- 


ordinary face-hardened 4. NlCKEL-STBBL PLATE AGAINST WHICJM is required. Its greater 

(cemented) plate cracked and SHELL HAS BROKEN UP strength permits decrease in 

fractured under test, while 
a Krupp nickel-steel jflate, 6 in. thick, which 
by guns of equivalent weight. 


attacked 

did not cra(?k, and the projectiles rebounded^ 
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weight, or an increased safety 
wu 


factor. It is also of value in tool-steels, steam- 
hammer and rock-drill piston rods, hydraulic 
cylinders, and similar high stress apparatus. 
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Cobalt has a similar influence on steel, but its 
limited supply prevents it competing with nickel. 

Nickel-st^l is made in the oi>en-hearth furnace, 
in the ordinary way, with ferro-nickel or nickel 
oxide. 

Cobalt Compounds. Cobalt would e.om]iet6 
with nickel in many respects if it were obtainable in 
IP^ator quantities, but, the supply being limited, 
its compounds are the only forms in which it is used. 

Cobalt forms two oxides — the protoxide, CoO, 
and the sesquioxide, CoyOa. The protoxide forms 
numerous salts. The chloride and nitrate in weak 
solution forms sympathetic inks, turning bluish 
green on heating, fading away again, if they are not 
too strongly heated to form a basic salt. 1'be 
sesquioxide is of no practical value. It forms no 
salts. The protoxide is the basis of all blue cohmrs 
used ill glass and porcelain work. Smalts is a glass- 
cobalt oxide, melted with quartz sand and potas- 
sium carl>onate. Fine smalts was used for bluing 
pa})er, but is sujwrsedcd by artificial ultramarine. 
Zafjre is a fritted silicate made by heating the oxide 
with quartz. It produces a deep blue glass when 
fused with a carbonate. Other cobalt colours are 
cobalt hlup. (a mixture of the hydrated oxides of 
cobalt and aluminium), The.nar(Vs bJiip. (cobalt and 
aluminium phosphate), and Jttinmans greni (zinc 
and cobalt oxides). 

In making smalts, fairly pure arsenical ores are 
calcined in a reverberatory or muffle furnace (with 
arsenic condensing chambers), mixed with glass- 
house sand and potassium carbonate, and fused in 
glassmakers* pots. 

LEAD 

fjcnd is one of the oldest metals. As far back 
as n.c. 878 a king of Assyria took tribute in galena, 
and this ore was redu(?ed by crude smelting opera- 
tions centuries before that date. The Komaiis con- 
ducted huge lead mining operations in the Iberian 
Peninsula, and Pliny says that they employed about 
20,000 slaves in the mines. Lead us(h 1 up to rom- 
paratively recent times was siqwrior to the modern 
metnl in colour and durability, owing to the presence 
of a small pro]X)rtion of silver, which is now almost 
couqdetely removed. 

Properties of Lead. Lead, when ]>ure, is 
a bluish grey metal, and is soft, plastic and viscous. 
It can be cut with a knife, and clean surfaces can 
be welded in the cold by pressure. It is almost 
non-elnstie. A wire i^th in. in diameter breaks 
under a strain of 30 lb. Lead met with in com- 
merce is practically })urc, owing in jiart to the 
rigid refining it undergoes for the roeoveiy of the 
silver. It is the heaviest of the ordinary metals 
of commerce (S.G. — 11*35). According to Fizeau, 
its coefficient of expansion is 0*002048 ; its Sjiecific 
heat is 0*0314 (Regnault). It melts at 320"’ C., and 
contracts on solidifying. A film of oxide is rapidly 
formed in air, but increases very slowly. Pure 
water by itself is without action on lead, but if air 
be present a hydrated oxide is formed, which is 
soluble. Further, carbon dioxide, if present, makes 
this process of lead corrosion and solution a con- 
tinuous one by precipitating the hydi*ate as carbon- 
ate as it is formed. There is, accordingly, danger 
in the use of lead pipes and tanks for the distribution 
of pure water ; but, fortunately, drinking water is 
rarely chemically pure, and generally contains the 
small proportion of carbonate or sulphate of lime 
which suffices to prevent this action. Nitrates and 
nitrites increase it Even the pure waters of Loch 
Katrine appear to act so slowly on the Glasgow lead 
piping that short service-piping seems to be without 
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danger. Lead cisterns and domestic utensils of load 
are, of course, highly dangerous. Dilute sulphuric 
acid is without action on lead, but when concentrated 
and heated, it forms the sulphate. Dilute nitric 
acid readily dissolves lead. 

Lead Orea. Lead occurs native, and 
mineralogists recognise some sixty ores, but, 
metallurgically, there arc only three ores: (1) 
Galena. (PbS), containing SO *6 ]>er cent, of lead; (2) 
Ceru&itp (PbCOa), 77*5 per cent.; and (3) Anglesitc 
(PbSO^), 08*3. per cent. The distribution of galena 
or other ores is almost universal. 

Galena is the principal lead ore. It is by far the 
most abundant, and is also the chief smelting 
mineral for silver, of which it contains from 0*01 to 
0*3 per cent, as sulphide ( — froni 3 oz. to 113 oz. 
|>er ton). It contains from 83 to 80 ywr cent, oi 
lead, and from 1 *3 to 10 ywr cent, of sulphur. 
(Jalena o<‘ours in a great many geological formations. 
The princip.'d mines of the world are those of the 
f^'outh of Spain and of Missouri, Utah and Missis- 
sippi, in the United States. 1’lie galena mines of 
Broken Hill. New South Wales, and of Queensland 
are worked chiefly for their silver contents. 

Anglesitc and cenisito are generally found as 
surface de])osits in galena mines, and are, in fact, 
atmospheric oxidation products of galena, as may 
be seen from their chemical composition — PbO.SO^ 
and PliO.CO.j, nnglesiU* being an intermediary stage 
in the production of the carbonate. The carbonate 
is sometimes found crystalline ns cerusite, but more 
often occurs in earthy masses mixed with clay, 
limestone, iron oxide. The largest mines arc those 
of Nevada and Colorado, in the United States of 
Amerion, where the ore occurs in jmckets in lime- 
stone. The Colorado ore contains from 0*1 to 2 
per cent, of silver, and was originally worked chiefly 
for that metal. The sulpliate (Anglesitc, PbS 04 ) is 
fi-and in the United Kingdom, the United States, 
France, and Germany, but its distribution is limited. 
It is smelted with galena ores. 

The arsenate (Mimetesitc. PbCla. 3 Pb.jAs.^ 04 ) is 
found in galena veins to a small extent in England 
and Saxony. Flint-glass makers use it. British 
lead and lead-silver ores (j>rinci])ally galena) are 
now mined onl}'^ in Derbyshire, Flintshire, and the 
Isle of Man. Scottish, Irish, and West-country 
mines closed down some years ago owing to 
exhaustion or unprofitable working. 

Treating the Ores. The treatment of 
galena is practically the treatment of lead ores 
in general. Separate processes for other ores are 
rarely used, and only on a much smaller scale. 
The carbonate and sulphate are oxidised forms of 
the sulphide which have been oxidised slowly by 
atmoBy)neTic agencies instead of rapi<lly in the fur- 
nace. They are generally smelted with the sulphide. 

The principle of pure galena reduction is, per- 
haps, the simplest of all ore-reducing o|>erations. 
It consists of roasting the sulphide until all the 
sulphur is oxidised, leaving the metallic lead. It 
is not quit© so simple in operation, because 
galena ore is generally an admixture of lead 
sulphide with iron, copjier, and zinc sulyihides, zinc 
and lime carbonates, and siliceous substances. To 
concentrate the ore for smelting, these ingredients, 
which seriously affect the furnace treatment of the 
ore, are removed by “ dressing.” This consists of 
the operations of crushing in stamping mills and 
separating the particles according to their gravities, 
by washing in buddies, jiggers, or other separators. 
Magnetic separators for removing the iron pyrites 
have come into use in recent years. 
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Lead oreH are smelted iu Iho reverberatory hearth, k 
or blast fnrnae.es. Praotieally none but galena ores h 
with little silica can be treated in revcrberatories, 6. 
or low- silver ores on hearths, owing to volatilisation p 
losses. Blast furiiaci) treatment is suecossfuV with 
all ores, but the lead produced is of lower grade than 
that resulting from reverberatory* or luNirth treal- 
mont, and these treatments are frerpiently combined 
with blast-furnace smelling. Wet processc's do not 
exist commercially. 

The ]»rineipal ty})e of lead reverbtiratories now 
used are the English, with its modification, the 
Silesian. In the English method, large furnaces, built 
on air- vaults orojicn underneath to cool the hearth, 
and high t<*mperatures, lire em])loyed. A see ion 
of the furnace is .shown in 6. The sole is ])aved with 
sing from previous o])erations, and has a tle])ression 
where the reduced metal collects and is tapped. 

The dressed ore is fed in through the hopper. The 
process consists in the oxidation of the ore by a 
series of calcinations and roastings, sulphur being 
<'liminated as sulphurous acid, with the formation 
of lead oxide and 8ulj)hatc\ according to the 
eejuations ; 

1. 2PbS I 30.. vr 2rb() P 80., 

2. Pb8 + 20.“ == PbSO^ 

The temjierature is then raised by closing spout to 
dam})ers and furnace doors, and the oxide and 
sul[>hate react with unchanged sulphide, 
])roducing a. regulus of lead, thus : « 

3. PbS 1 2PbO 3Pb 4 80 .> 

4. PbS 4 Pb80,= 2Pb 1 280,, ^ 



lead oxide, and 6 per cent, of zinc oxide. The Moffot 
lioartJi'furnace, one of the most modern, is shown in 
6. It consists of two hearths separated by a hollow 
partition, in the lower part of which water is 
ciriuilated for cooling. The 
wind chest for the blast (not 
shown) is connected wdth the 
upper part of the partition, 
from which tuyeres descend 
and deliver the blast at the 
top of the hearth- box. 'fho 
lead overflows from the hearth, 
and is delivered through a 
H]»out in the work-plate into a 
lead kettle. 

In blast-furnace treatment 
] >rcl i m in ar y re ver l>era t ory 
roasting, or “lirne-roasting,” 
Iways coi-ricd out, unh'ss 
the silver content is high, 
when the ore is smidted 
raw. The ore treated is then 
mainly oxide, with some 
sulphate and sulphide, 
as well as metallic const i- 
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5. EJ5(1LISH LEAD KEVERBERATIN(J FURNACE 

These two o])era<ions of oxidation and redaction 
arc repeated several times until the lead extraction 
is complete. Slaked lime is added to kec]) tho 
charge from melting (reaction does not take jdace 
in fused ore). It also deconipo.ses the sulphide. 
This is known as the roant and rmriioti method. 

In the Silesian furnace a low tem]ieraturc is used, 
giving a slag rich in lead (50 jier cent.), which is 
HiuclU'd in the blast furna(;e. Volatilisation losses 
ar»i thcrciby reduced, and a liigher yield ultimately 
obtained. 

The ore-hearth process resembles that of tho rever- 
beratory, with the difference that oxidation and 
reduction are sinudtanoous, the oxide and sulphate 
reacting with sulphide as soon as they are formed. 
In this process the ore is smelted in contact with the 
fuel by the action of a blast on the fuel, the principle 
l>eing the same as that of the blacksmith’s forge. 
The fuel consumption is about half that of a 
reverberatory, and the j^rocess is readily starttid and 
stop])ed, hut the volatilisation losses are higher, 
and the ]>roce88 is of most value in places where 
labour is cheap and fuel dear, such as Mexico. 
Modern hearth-furnaces are water- jacketed, use 
hot blast, and produce large quantities of lead fume, 
whicli, when drawn off and filtered through woollen 
or cotton bags, form a good white paint, containing 
about 65 per cent, of lead sul})hate, 26 per ccn^jl 


tueuts. The reaction is 
largely one of reduction 
of the oxide, by the fuel 
(carbon) and the carbon 
o monoxide produtied by the 

6 . MOFFBT DOtTBLE-HKARTir axjl ion of the tuycrcK' blaHt 
F17BNA(^E FOR LEAD carbon, the heat 

of combination being sufficient to melt the slag and 
metal. Tho Kul])hate becomes Hul])hide, and, com- 
bining with cop])er, zin(\ iron, and other metals 
present forms a matte, while silicates with any un- 
reduced oxides form a fusible slag. Preeipitetion of 
the metel from tho sulphide melt is also effected by 
the iron j)r('sent. 

A lead blast or shaft furmice has been shown 
I see 26. page 4125 ], and a modern rectangular 
furnace is given here [7]. 

Furnace Products, The principal smelt- 
ing products are work-lead (base bullion), matte, 
flue-dust or fume. Flue-dust, or lead fume, is 
present in considerable quantities in furnax^o 
smoke, and te fwrmit it to jmss into the atmo- 
Rjihcre would be a serious menace to the public 
health, Ivesides causing loss to the smelter. It con- 
sists of a mixture of lead sulphides, sulphates, and 
oxides, with some zinc and other substHiices in the 
















7. REtn’ANGULAR BLAST FURNACE FOR LEAD 

form of an inffnitesimally fine dust. Condensation 
is effected by air or water cooling, tho former 
requiring long flues. Formerly, it was accomplished 
by a mere lengthening of the flues, those at Freiberg, 
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in Saxony, havinjif benn added to until they 
reached the extraordinary length of five miles. The 
fume is collected in settling chambers or in the bags 
already referred to. Besides being used as a natural 
paint, fiue>d\ist is made into bricks with lime, and 
reduced in the furnace. It may be added as dust in 
small proportions to each furnace charge. 

The sulphide mattes formed are granulated, re- 
roasted, and smelted in the blast furnace. 

All the furnace processes produce lead in the form 
of work-lcEid, which contains the bulk of the silver 
and gold present in the one (if it be argentiferous), 
and also copj)er, arsenic, antimony, and iron as 
impurities. The latter metals render the lead hard 
and unsuitable for desilverising, and their removal 
is a preliminary necessity. 

“ Softening,” or “ improving,” as it is called, 
which is the oxidation of these imj)uriiie8 in cast- 
iron kettles or reverWatory furnaces, is the next 
process, the liquated oxides l)eing removed as a 
scum. Antimpnial dross is worked up for Britannia, 
ty|)e, and other similar metals. If the lead be 
non-argentiferoiis (such as that produced from the 
ores of Missouri and part of Spain), this is prac- 
tically all the refining that is nec4?ssary. 

Desilverisation. Most lead is argentiferous, 
and recovery of the silver is an important part ()f 
the business of the lead-reliner. It is effected by 
cujiellation [see pages 4303 and 5848], or by the 
Pattinson or Parkes alloy ])roce38es. 

At one time the silver was recovered by cupella- 
tion alone, the whole of the lead being converted 
into oxide, which was reduced by re-smelting with 
carbon. This was costly, and very wasteful of lead, 
and direct ciijadlation is now used only in Mexico 
or parts of South America for very rich lead, where 
the silver is the only rnctal sought. (/Uindlation is, 
however, the final process in the separation of the 
silver from the alloys ])roduced by the Pattinson 
and Parkes processes. Both these processes produce 
(1) marketable lead, and (2) a much smaller 
amount of a rich silver- lead or silver-zinc-lead 
alloy. 

The Pattinson process de]>ends u]>on the fact 
that silver in quantities u]) to 2) i)er cent. (700 oz. 
jier ton) lowers the melting ])oint of a lead-silver 
alloy, while larger proportions raise it. If inolttMi 
argentiferous lead, therefore, l>e .slowly cooled, the 
portion first crystallising out contains but little 
silver, the liquid portion l)eing a eutectic alloy 
containing about three times as much of the metal. 
This crystallised lead can again be separated into 
two portions until lead, silver-free, and containing 
from 500 oz. to (KK) oz. of silver j)er ton, is obtained. 
The Luce-Rozan modification of the process is now 
used. In it the formation of the crystals is pro- 
moted by blowing steam through the melt, thereby 
separating out impurities to the extent of f per cent., 
and the fluid eutectic alloy is tapped off, leaving the 
crystals behind, which are melted and cast for the 
mtirket. 

The Parkes process is based on the facts (1) that 
silver alloys more readily with zinc than with lead, 
and (2) that a silver-zinc alloy of lead is less fusible 
and lighter than load, and is, therefore, separated 
from and floats on the surface of a lead melt. 
For this process it is essential that the zinc and lead 
should be practically pure. Molten lead from the 
” improving ” furnace is tapjx^d into cast-iron 
kettles holding about thii ty tons, and a small amount 
of zinc stirred in. The crust which forms contains 
all the gold and copi)er present, with some silver. 
It is worked up separately to dore silver. The lead 
IS now saturated with zinc, and on again adding 


zinc, most of the silver is collected in the crust. 
This is worked up to fine silver. A third addition of 
zinc reduces the silver to about 0*0003 per cent., 
the unsaturated crust being used in the second 
zincing of the next charge. The lead-zinc-silver alloy 
is liquated from the crusts in a reverberatory fur- 
nace, and the zinc recovered by distillation iu a jMJar- 
sluqxnd plumbago retort. The Parkes process is 
cheaper than the Pattinson (Rozan), but it does not 
remove bismuth, and the two i)roce.S3e8 may he 
combined for a base bullion containing aj)preeiable 
amounts of bismuth. 

Cupellation- The. concentrated lead-silver 
alloys produced by these processes are finally 
separated by cupellation, the principles of which 
have already been explained [page 5848]. Tlic 
English reverberatory furnace used for cupelling is 
oblong, and has a movable iron hearth, whicli is 
lined with a mixture of crushed limestone and cbiy, 
or Portland cement mixed witli crushed firebrick. 
Bone-ash is no longer used. On a large scale, the 
.smelting is made continuous by the addition of 
charge-lead until the charge contains from (W) per 
cent, to 80 jmm* cent, of silver. Cupellation of the 
concentrated bullion from several furnaces is 
finished in a separate furnace, the silver b<*ing 
refined at the same time. The lifliarge ]>ro(luced 
may be sold as such or reduced to metallic lead. 
Refined and desilverised lead is not less than 
09*98 |)er cent. pure. 

Uses of Lead. Owing to its chemical inertness 
and great power of resisting corrosion by moisture 
and atmospheric agencies, lead is a valuable 
covering for roofs. It is extensively used for the 
same reasdns, and Iwcausc of its plasticity, in sheet 
form for gutters, ridges, and other building pur- 
poses [see page 358), and for lining vats, binks, and 
oheinieal works’ ap])aratus. Sheet lead is made by 
easting flat ingots in moulds holding several tons, and 
passing them several times through rolling mills 
until they weigh about 30 lb. to the square fi'ot. 
It is cut into smaller sheets on the mill bed aiul rolled 
to the weights required for tlm market. \’ery thin 
sheets for tea-ehest linings are made in the East 
by pressing molten Icjid between tiles faced with 
unsized paper. Tinned Jeadfoil is lead rolled and 
r(*-rollcd between layers of tin to the thickness de- 
sired. J.iead piping is made in an hydraulic prc.ss 
I see pages 3.59, ,5320, and 5027 J. “ C-ompo” pi])e is 
lead piping hardened by alloying with antimony or 
tin. It is largely used in gasfitting. Large quantities 
of lead arc also used for the plates of electric 
accumulators. In alloys and compounds lead has a 
very wide use. 

Lead AlloyS' The compositions of some 
of the pricipal alloys of lead are shown in the 
table on the next page. 

Lead unites with most metals in all proportions. 
With tin it forms a valuable series of alloys of which 
the most important are the pewters and solders. 
Lead increases the malleability and ductihility of 
tin, but diminishes its tenacity and toughness. 
Pewter is now being replaced largely by unalloyed 
tin, which is whiter and safer for domestic pur- 
poses. The three grades of soft solder melt at 
213^ C., 210’ C., and 200^ C., reaj^ctively. 

“ Plumbers’ sealed solder,” stamped by the Plumbers' 
Company, passes through a prolonged pasty stage 
as it cools, which is the state in which the plumber 
uses it in wiping a joint. It is due to the fact 
that the alloy has two points of solidification, one 
for the eutectic alloy contained, and another, much 
higher, for the excess of solid lead. The pasty 
mass, in fact, consists of a large proportion of 
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granular lead in a mother liquor of the fluid euteetic. 
Hntifricliou metals arc very numerous, and the 
same name is given to many different formulsp. 
Fusible metals are largely used in safety devices 
actuated by sudden or excessive increase of tem- 
y)crature. The three given above melt Iwlow the 
boiling })oint of water. They are also used for 
taking casts of delicate objects. 

Arsenic increases the fusibility of lead and also 
hardens it. In shot metal, which falls from a 
hoiglit into water, it enables the dro})8 of metal 
to assume a spherical 8ha}M* in falling. The per- 
forations in the basin at the to]> of the shot- tower 
lire regulated according to the size of tlic shot 

COMPOSITION OF LEAD ALLOYS 


Pewter, eoiuniou 
,, good . . 

20 

1425 



,, beat . . 

Soft solder, common . 

,, „ coarse 

(“ Plumbers* sealed 

Soft solder, tine 


60 -*15 


Antifriction metals 

! 55 

85 

40 

10 

Babbit! 

40 

4.5*5 1 

13 

Magnolia 

78 

6 

16 

Fusible metals : 

Newton’s 

31*25 

18*75 


Wood’s 

24 

14 


Lipowilz’s 

Shot -metal 

1 27 
: 00*1 

13 


Type-metal 

83 


17 

Stereotype metal 

60*3 


15* 


required, and to ])revent the drops of molten lead 
joining together in their fall, the holes are of irregu- 
lar size, one being three times tlu* diameter of the 
next and so on. In an American moditication of 
the usual ])roceHS, air is forced up a short lower at a 
high velocity so that the descending lead comes 
in contact with as much air as it would in a high 
lower. A centrifugal modifujalion has also heeii 
introduced in which the mebil is ponre<l on a rapi lly 
revolving disc from which it is thrown against a 
screen, in the form of dro]is. 

Tyjic metal is a lead alloy which has been made 
hard luul expansible on cooling by the addition 
of ajitimony. Hismuth and tin increase its resistance 
to the crushing action of the press. 

Lead Compounds. The most imjmrtant 
conqtounds are white lead, a basic carbonate 
(2PbCO.j.Pb(OH) j), litharge and massicot (PbO), 
and red lead, or minium (Pb.,0 J. 

White lead is the most im]>ortant of the load com- 
])onnds, and the most important of all ]ugmcnte, 
forming the basis of nearly all ordinary paints. 
It possesses the greatest covering power and par- 
tially combines with oil, drying hard and homo- 
geneous. It is, however, a very poisonous body, and 
is darkened by the action of sulphuretted hydrogen. 
Zino white is its most important com)>etitc»r, but 
it is deficient in covering ])ower and dries slowly. 

“ Genuine ” white lead is that prepared by the 
fid Piiteh method and consists of a spongy, trans- 
)>arent globular powder, the globules absorbing oil. 
Jlasic lead (carbonate prepared otherwise is a dense 
crystalline powder, containing more carbonate and 
less hydrate, and the crystals do not absorb oil. 
In the Dutch method, load, cast into the form of 
thill gratings, is stacker! in brickwork chambers 
ill layers on a bod of fermenting tan on which are 
placed earthenware pots containing a 3 ]x*r cent, 
solution of acetic acid. The stack is left for from 
14 to 15 weeks. The fermenting tan 8uppliesjj||||^. 
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to volatilise the n<;id solution, and also carbon di- 
oxide to convert the coating of lead acetatcj formed 
on the plates into carbonate. This is detached, 
ground, washed, and dried, and the lead remaining 
used for the next corrosion. Many processe-i 
have been devised for producing the basic carbonate 
by less costly means, but non(% so far, have succeeded 
in producing the amorphous comiiound. One 
which is largely used consists in treating very 
finely-divided lead in a rotating drum with acetic 
acid for seven days, air, fire-gases, and steam being 
blown in. The carbonate produced is ground and 
treated with soda in settling tanks. The best sub- 
stitute, says Professor Church, is Freeman’s white, 
which is a mixture of lead sul])liate 
with zinc oxid(‘ and a little baryta, 
otini Others are lead sulphite, sulphates 
Meuiis.. and carbonates of barium, strontium 
and calcium, or mixtures thereof 
with white lead. 

Litharge and massicot- are t-lie saem 
oxide, but litharge is prepared above 
th(* nu'lting point of the oxide and 
massicot below. The former is red- 
disJi yellow and crystalline, and the 
latter an amorphous lemon yellow 
jKiwder. Litharge is used for the 
manufacture of other lead com- 
(’(1 oils, oil varnishes, 

ru 10 cements, for the lead )>la8ter of 
As UMi ]>harmacy, and as a glaze for 
carthenw'are. Massicot is used for 
drying oils, as a pigment, in flint glass, 
and for the jirejiaration of red lead. 

Litharge is obtained either as the by-produet of 
eii]iellation or by oxidation of the metal in a rever- 
beratory furnace. If it be gradually cooled it 
])artial}y flakes. It is sent to the market in the 
levigated form, jirodmanl by grinding, washing, 
and drying. It is also made direct from the ore. 
Massieot is pnqiarod from the metal at a low heat 
on a reverberatory hearth. 

Led Ivady or minium, is ])re])a.red from elJow 
massicot (made by ‘‘ dressing ” lead) by heating it 
for 45 to 48 hours in a furnace known as lh(^ 
“ colouring oven.” Ground with linseed oil as a 
paint it ftirms a good protective covering for iron 
and other metal surfaces. It is also an ingredient in 
lu'rtain cements, and in flint glass. 

ALUMINIUM 

Aluminium, or aluminum, as it is frequently 
called in the United States, is one of the most 
interesting of the metals now in common use. 
Its history is not long, compared with the other 
useful metals, on account of the comparative 
rapidity of its development, but it is almost 
romantic, and every decade is packed with interest. 
Even now it is probably only in the infancy of its 
development, though whether that development 
will be in the metal or its alloys is yet to be seen. 

Occurrence. Aluminium is more abundant 
throughout the world tliau any similar substance. 
It is the most widespread element, with the exception 
of oxygen and silicon (with which it is usually found 
in combination), and it is computed that it forms 
8*10 ptu* cent, of the earth’s crust, the next most 
abundant metal (iron) amounting to 5 ‘40 per cent. 

Then* are four im])ortant natural compounds of 
aluminium — silicate, oxide, hydrated oxide, and 
fluoride. 

All clays consist largely of aluminium silicate, 
and constitute the largest natural source of alu- 
minium. The purest clay is kaolin, or china clay, 
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which consists almost entirely of aluminium disi- 
Jicate (A1^0j,.2Si(Xj.2H.^0), of which large Iwds are 
found throughout the world, particularly Limoges, 
Devon, Cornwall, and the United States. 

Kaolin contains 39*8 per (Jent. of alumina, and 
would thus seem to be the best ore, but simie no 
satisfactory process for separating the alumina and 
the sili(;a has been discovered, it is not available at 
present. If it were, nothing could comja'to with 
Kaolin as an aluminium ore. Common clays are 
either impure kaolin or else cont/ain a larg<'r propor- 
tion of BiO„, ranging uj) tn 70 per cent. 

The anhydrous oxide occurs as corundum and 
emery, and as gems — sapphire, ruby, etc. Corundum 
contains 52*9 per cent, of aluminium, the highest 
})ercentage of any ore. Large deposits occur in 
Houth India and the United States. It is not used 
as an ore, on account of its excessive hardness, which 
gives it more value, ns an abrasive. 

Sauxite* The hydrated oxide (hydroxide) 
occurs largely and widely as bauxite (jirineipally 
Al..O;t. 2 H „ 0 ), and also much less frequently as 
diaa])ore (A1yO...H..O). Bauxite is the source from 
which the metal is obtained by all the ])roces 8 es 
now in use. It was first found near Baiix, Depart- 
ment de Var, in the South of France, where there 
are beds 30 ft. thick and nearly 10 miles long. 
The most important beds are in the South of 
France (Baux), the North of, Ireland (Antrim), and 
Alabama And (jeorgia, in the Unikul States. 
Baijxite is usually found in association with ferric 
oxide, silica, and, jiarticulnrly in American ores, 
with titanic acid. It is usually pisolit io in structure — 
that is, in pca-like globules — and when free from 
iron, is of a creamy white colour. Irish bauxite is of 
the average composition : Al, 56 )ier cent. ; FeO, 3 
]wr cent. ; SiOo, 12 per cent. ; titanic acid, 3 per 
cent. ; and H„0, 20 |>er cent. 

For electrolytic reduction, the ore is first calcined 
at a low tem]>erature, to destroy organic iiiattt^r and 
io convert the iron completely into the ]>eroxide ; 
then it is steam-heated under pressure with caustic 
soda solution, and filtered. The sodium nluuiinate 
thus ]»rodueed is treated with pure alumtiiiiiiii 
hydroxide, by means of which about 70 |>er cent, 
of the alumina is jirocipitated, the remaining liquid 
being mainly (caustic soda, which is con- 
centrated, and used to treat, a fresh (piantity m 
of calcined bauxite. The preci])italed alumina ^ 3 
is filtered and dehydrated by calcination. ^ 0 
Bcdiiction of the iron, silicon, and titanium ^ | | 
is also effected by fusing bauxite with || 
carbon in an electric furnace. ™ 

CJryolito is a double fluoride of 
aluminium and sodium ( Al jjF „. 6 NaF) 
with some ferric oxide, water, and B , 
other impurities. Almost its only K-- 

Bource is Ivigtuk, on the West Coast Jg Kj:,- 
of Greenland, and its con- 
sequent inaccessibility, com- 
bined with its general 
impurity, have caused it to 
be abandoned as an alu- „ 


minium ore, though it was 
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the basis of several of the f- Bundle of electrodes 6 . ( arljon lining form- tinent. 


On calcination they give more or loss pure alumina. 
They are of little practical interest in connection 
with the production of aluminium. 

Electrothermic Reduction. No alu- 
minium has been made by purely chemical methods 
for several years. The heat of combination of 
aluminium in forming the oxide (alumina) so 
greatly exceeds that of other common metals that 
the only feasible proces.ses of reducing alumina 
by means of the ordinary reducing agents 
(carbon, etc.) aio electrothermic. Electrical 
processes ore of two kinds — electrothermic and 
electrolytic. Electrothermic processes are those in 
which the current acts merely as a heating agent, 
either by means of an arc or by the resistance of 
the substance treated. No jnirely electrothermic 
process is now used. The most successful was the 
Cowles, which produced, not aluminium, but alloys, 
principally aluminium bronze, in the days when 
the alloys were more valued than the pure 
metal. Rectangular fireclay furnaces [the same 
furnace used for calcium carbide production is 
shown on pauo 5758] were charged with a 
mixture of alumina, or other ore, alloying metal 
and charcoal. A current of from 3,()00 to 
5,000 amperes was used, the alumina being 
reduced solely by the carbon of the electrodes in 
the great heat }>roduced by the resistance of the 
furnace contents to the eurrent. It was not possible 
to ])rcdetermine the com})osilion of the alloys so that 
each bakih was analysed and then re-melted, copper 
or iron being added as required. Much alloy was 
turned out by the Cowles Syndicate, but since 
the great cheapening of the j)ure metal, alloys 
have been exclusively made by melting with 
aluminium. 

Reduction by Electrolysis. No one 

has so far succeeded in producing aluminium by any 
practical ])roce 8 s of electrolysis from aqueous solu- 
tions without the use of soluble aluminium anodes. 
In the first place, although aluminium in mass is 
unatt-acked by water, yet the foil is rapidly oxidised 
by boiling water, and it is quite probable that the 
rea.soii why aluminium is not easily deposited in 
aqueous solution is that, like sodium, as soon as it 
is isolated it is attacked. Further, in aqueous 
electrolysis of aluminous solutions water 

B unposod, along with the aluminium 
und, producing nascent hydrogen at 
diode. This causes the metal to be 
bed in a finely-divided spongy con- 
in which it readily attacks the 
water, being oxidised in the process. 
Electrolysis of fused alumina dis- 
solved in a bath of cryolite (the 
double fluoride), kept molten by 
the heat due to the resistance 
offered by it to the passage of the 
current, is the ]irinciple of the 
processes now in use. 

The details which follow concern 
the Heroult patents which are 
worked in England (by the British 
HUM FUBNACE Aluminium Co.) and on the C!on- 


older processes. The double 
fluoride is used as a solvent 


ing cathode c. Steel <?eU 
gates e. THpi»iiig vent 


for alumina in modern electrolytic processes, 
but it is artificially prepared. 

The alums, which were the subject of the early 
investigation and from which the metal derives its 
title, include a number of double sulphates of alu- 
minium and another metal (such as K ySO ^.Al^fSO 4 ) „ 
.24HaO) containing much water of crystallisation. 


’arhon lining form- tinent. The Heroult furnace is 

under the Hall patents are worked 
in the United States by the Pittsburgh Reduction 
Gom]iany. 

The furnaces used are iron cells lined with carbon 
and rectangular in shape, the internal area being 
about 5 ft. by 2 J ft. The negative pole of the dynamo 
is connected with a steel plate in the bottom of the 
cell or with the cell itself, in contact with which the 
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molten reduced aluminium acts, in practice, as the 
rrtthodo. The anode is a bundle of carbon rods 
di])])ing into the electrolyte and capable of vertical 
adjustment. 

The charge of cryolites is placed in the cell, and 
fused by the current. Pure powdered alumina is 
then fed in continuously while the operation j>ro- 
eeeds. A current from 3 to 5 volts at a density of 
about 700 amperes iht square foot, or 8,000 amperes 
IK-r cell, is sufficient to maintain the temperature 
and the f*lectrolysis. As part of the voltage is con- 
sumed in overcoming the resistance of the bath 
(thereby heating it), and as decomposition of cryolite 
the()reti(3ally requires 4 volts, the cryolite solvent is 
not attacked at all, if the bath be pro]>orly supplied 
with alutnina. Tlierefore, ex<;ept for iriechanical 
losses, it lasts indelinitely and its impurities are not 
transmitted to the metal. Careful purification of the 
alumina and of the anode and lining carbon is all 
that is necessary to produce a ]>ure mebd. The result 
of the electrolysis is the splitting up of the alumina 
into aluminium (which, being slightly heavier in the 
molten stot-e than the fused cryolite, sinks to the 
bottom of the cell, where it is run off) and oxgyen, 
which combines with the carbon of the anode 
to form carbon mont)xide, the gas being burnt to 
dioxide outside the cell. The carbon consumed in 
this way is about equal in weight to the aluminiunj 
produced. The yield of metal in practice is 4 to 
J lb. per 12 K.H.P. hours. 

The advantage of combining internal heating with 
the electrolysis is that it enables the cells to be 
kept compaiatively cool ; if they were heattnl ex- 
UTnally (as was proposed) tliey would have to be 
hoth'r than the clectrolytt*, and there is no suitable 
material that is able to withstand the action of 
nascent aluminium at high txunperature. 

Impurities. The principal impurities in re- 
duced aluminium arc silicon, carbon, iron, oup])er, 
load and zinc. The last three, whicdi, in very small 
proportions do not seriously affect the metal, and 
are not usually found, are partially removed by 
remelting. Hut no satisfactory methods of re- 
fining aluminium have yet been deseribed. It can 
be purified absolutely by laboratory ]»r<K3CSscs, 
but the.so are not industrially })ossiblc, and com- 
mercially, most of the im])nritieH, j)articularly the 
important ones — silicon, carbon, and iron — arc not 
removable. The metiil has accordingly to he pro- 
duced us pure as possible, and this is the reason 
why the alumina has to be so carefully purified. 

If refining were })ossible, aluminium could be re- | 
duced direct from bauxite?, and so a eonsideiable 
proportion of the expense of reduction would be 
saved. This remains to be aeconiplished. 

Physical Properties, As in the case of 
iron, the physical properties of aluminium are con 
siderably affected by the presen c(» of small epiaii- 
tities of other constituents ; but aluminium has 
not had, so far, the advantage of the compre- 
hensive mierographic, physical and chemical re- 
search which has bt?en bestowed on the varieties 
of iron, and much has yet to be learnt of the 
individual and collective influences of the minor 
ingredien'iS of commercial aluminium. Silicon and 
iron are present to the extent of 1 per cent, in most 
commercial metal, and, in that proportion, slightly 
lessen its malleability. Two per cent, makes it 
brittle. Carbon in the smallest proportion markedly 
deteriorates it. 

Pure aluminium is absolutely white on fracture. 
Commercial metal has a bluish tinge due to the pre- 
sence of silicon, the tint deepening with the 
•f impurities. Pure metal is distinctly softer imm 
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the commcr(*ial, but it is not so soft aa pure tin. 
Drawing or rolling in the cold gives it nearly the 
hardness of brass. 

The wonderful lightness of aluminium ie its 
distinguishing economic feature. When ])urc, its 
specific gravity is 2*58 and 2’(i to 2 '7 in the case of 
good commercial metal. The subjoined table 
demonstrates the advantage thus possessed by 
aluminium ovtfr other metals. 

WEKillT OF ALUMINIUM AND OTHER METALS 


I 


McIuIh. 


WelKht of 
Alniiiiiiiiiiii -- 


CiibU- 111. ptT lb. 


ALUMINIUM 

1 

Zinc 

2-03 to 2-79 

Iron, cast 

2-79 

Tin 

2-8 to 2-9 

Tin-plate. . 

2-9 (about) 

Iron, sheet and wrought 

2*04 to 2*98 

Steel . . . • • ■ ! 

3*02 to 3‘OG 

Iron, pure 

3-04 

Nickel 

to 3*4 

. , Zn : 

to .3*20 

Bronze ((Ju 84%, Hn H) /c*)j 


German silver (20 %) 

t to : 

(*opper . . 


Silver 


Lead 

4*4 

(Jold 

7*4 

Plutinuin . . 



11 a to lO'O.'i 
4 07 to 3 K4 
3-H4 

3-79 to TiO 
S'f) (about) 
3*0 (about) 
3-55 to 3-5 
3'r>4 
3-4 

3‘33 1o 3-25 
3-29 

»-22 to 3-18 
311 
2«3 
2-47 
1-43 
1-28 


The fig\ircH in the last column emphasise a fact 
which is liable to be overlooked. Metals are sold 
by weight. The capacity of a kettle is dejiendent 
on the volume of mctirused. Its weight is merely 
a nuisance. Hence, Hinc(‘ tin-plate is nearly three 
times as heavy as aluminium, the weight of mebil 
which will make one tin kettle will make three 
aluminium kettles. Accordingly, whenever the cost 
of aluminium is less than three times that of tiii- 
])la.t{, aluminium is really cheaper. The relative 
costs in the following table wdll facilitate comparisons 
with other metals. 

These iigures are based on HK)(> market prices. 
They can only be roughly a})proximate. 

Aluminium melts at about (>25 ()., at a red heat 
and, at. the temiH*rature of the electric furnace, 
volatilises. Its mean specific boat is 0’2270, and its 
latent heat of fii.sion (that is, the amount of heat 
required to fuse it at the melting point) for ffiU03 


COST OF ALTJMfNIUM AND OTHER MtH’ALS 


M..4 ..lu 

1 iii.iiiufiu’tur- 

t*iji e per ib. 

Appf' 

n-latlvp 
of e 
luaivi! 

coatH of eqii« 
voluuii's. 

ALUMINIUM . . 

21*3 

100 

100 

Aluminium bronze 

2t 

112 

324 

Tin 

20 

82 

270 

German silver 

12 

52 

209 

Copper 

11 

51*5 

182 

Bronze and brass 

5*8 

27 

86 

Zinc 

5*4 

25 

67 

Tin-pbite . . 

1*39 

«*r> 

19*5 

Steel 

Iron, cost and wrought. 

r>2 to *69 
1*3 

, 2*4 to 3*2 

1 

7 to 9 

per ^'ent. metal is 

100 calories, which is 

more than 


that of any other useful metal. The consequence of 
the high value of these two factors is that aluminium 
melts very slowly even in a very hot fire, and that 
castings take several hours to cool. Its coefficient 
of linear expansion is 0*00()0231 (Roberts- Austen) 
or 0*0000222 (Fizeau), whi(?h is oiily less than that 
of lead and zinc among the useful metals and about 
equal to tin. Its thermal conductivity is high and 
surpassed only by copper among the baser metals 
(A1 ~ 31 *33, Ag being^ 100, Cu 73*0, and steel 11 *6). 



The relative electrical conductivity is put byRichards 
at 59 for 99 per cent, metal compared with copper 
100 and iron 14 to 1(5. An aluminium wire that 
would carry the same current as a copper one would 
weigh only half as much. Aluminium is non- 
magnetic. It is very sonorous and is accordingly 
used for sounding boards. 

Cast aluminium is not very elastic, but it becomes 



a. Improved by aluminiuin 6. Without aluminium 

stilfer, harder, and more rigid on working. Young’s 
modulus for the castings is 11,(KK),0(>0 lb., and 
13,000,000 and 19,000,000 lb. for wire and rolled 
metal respectively. 

The approximate tensile strength of commercial 
aluminium is exhibited in the following table, 
the relative strength of other metals (rolled) being 
included for the purpose of comparison 

It is important to note that the above figures for 
aluminium are reduced by 50 per cent, if the metal 
is heated over 100 C. 

The relative figures show that, weight for weight, 
the only metals whose tensile strcngtlis eijiial and 
exceed that of aluminium are cast steel and its 
own alloy, aluminium bronze. That is to say, for 

RELATIVE STRENGTHS OK VARIOUS METALS 


ALUMINIUM, castingH . . 3 


sheet 

5*5 

11 


wire 

(i'5 

1 3 29 


,, rolled bar 


12 

100 

Steel, cast 


44 

13.5 

, . soft 


33 

87 

Aluminium bronze 


40 

118 

Wrought iron 


2‘,> 


Brass, red 


20 


Bronze, gun 


15 


Copper 


14 



purposes where the rct{uiremeiits are strength 
and lightness, cast steel and aluminium bronze 
are the only competitors, expense being a secondary 
consideration. 

Aluminium is a very malleable metal and can be 
rolled as easily as gold or silver. It can be beaten 
out into leaves of the thickness of TlT?^^.f•th of an inch, 
and has superseded silver leaf for gilders’ use. It 
is only less ductile than gold, silver, platinum, 
iron, and copper. 

Chemical Properties. Aluminium is a 
trivalent atom of the relative weight 27, its equiva- 
lent being 9. Commercial aluminium on cxi)osure 
becomes coated with a thin film of oxide, similar 
to that forming on zinc, which gives it a slightly 
dull ap|)earance. This film thoroughly protects 
the surface from further oxidation. 

The action of water has already been referred 
to. Sulphuretted hydrogen, which is res^ionsible 
jfor the blackening and ' tarnishing of nearly all 
other metals, has no action on aluminium in the 
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cold. It is but slightly attacked in the cold by 
sulphuric and nitric acids, but is dissolved readily 
in these acids when hot and concentrated, and also 
in cold concentrated hydrochloric acid. 

Potash and soda lye and alkalis in general also 
dissolve aluminium, forming the aluminate. Vinegar, 
organic acids, salt and food substances in general 
have very little action on the motel, even when 
boiling. There is no danger, in the case of culinary 
vessels, of such traces of aluminium compounds 
having any injurious action on the human body, 
for ordinary food contains much more than is so 
dissolved in cooking and the action is much less 
than in the (iase of copper, tin-plate, or iron. 
Food, particularly fruit, cooked in aluminium 
vessels is noticeably fiesher and better flavoured 
than when cooked in other vessels. 

Working the Metal. If not overheated, 
that is, much above its melting x>oint, aluminium can 
be melted in ordinary plumbago cnicihles without 
absorbing carbon or silicon. No flux is needed, nor 
is it advisable. Only a very thin film of oxide forms 
on the surface of molten metal, and this, while not 
spoiling castings, entirely prevents further oxida- 
tion. Molten aluminium is viscous and docs not rim 
sharply in moulds unless it is under ]>ressu re, which 
is supplied either by giving a head to the metal 
by means of gates and risers or by nir-yiressure in 
air-tight moulds. Sharp castings free from blow- 
holes are thus readily obtained, and hollow culinary 
ware as thin as in. is commonly cast. The shrink- 
age of castings is about 1*8 per (tent, of the 
original volume, or ni‘arly twiee that of iron. The 
difficulty which this causes is also overcome by 
the use of gates and risers. In rolling or drawing 
aluminium frequent annealing is ucces.sary, for 
the metal quickly hardens on working. It is best 
worked at temperatures belweiui 190 ’ C. and 
150 C. 

The handsome “ mat ” or frosted elTect which 
ahiminiuni easily takes is obtained by dipping 
first in caustic soda or potash solution, then in 
strong nitric acid, finally wa.shiiig with water. 

Aluminium can be welded, but with difficulty, 
on account of its high specilic heat and because 
of the soft “mushy” state whiidi it assumes 
some time before melting. 

Soldering. The cliffieulty of soldering 
altiniinium has been recognised as an obstacle to 
its use since Dovillc first produced it commercially, 
and although innumerable fornnihe and processes 
have been put forward, aluminium is not soldered 
if other moans of uniting pieces of the metal are 
possible. There are three reasons for the difficulty ; 
( 1 ) the film of oxide which is always present 
prevents the solder getting to the metal and is not 
affected by ordinary fluxes and appears to form as 
quickly as it is removed, if the mechanical means 
of scratching or filing arc used ; (2) the high heat 



a. Section with aluminium 6. Section without aluminiuai 
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(’ondnctivity of the metal renders local heating 
^ to alloying temperature a slow and difficult math^r, 
increasingly so as the bulk of the article worked on 
increases, and causes the solder to chill quickly ; 
(3) the highly electro-positive character of the 
metal causes galvanic action with Jow.tem])eratiire 
solders containing negativ’c metals like lead, the 
result being disintegration at the joint. It cannot 
be said that these difficulties have yet been succcss- 
lully overcome. 

Alloys. Aluminium forms n large number 
of useful alloys, and it is not imi>()ssiblc that its 
capacity for alloying may eventually provide the 
greatest field for its development. It unites easily 
with most of the metids, the combination being 
usually accompanied by a disengagement of heat 
particularly in the case of copper. Lead and anti- 
mony ajqwar to be the. oidy metals not alloying 
with it easily. The practical jjroduetion of these 
alloys from the metals is, in general, a vc^ry easy 
operation. The aluminium may be melted in a 
carbon or magnesia- lined crucible, without a flux, 
and the other metal simply thrown in ; it falls to the 
bottom, melts, and is absorbed by the aluminium. 

Most of the alloys thus produced are imywovcd 
by careful remelting, becoming more uniform, and 
finally yjerfeetly so, by repeated fusions. \'ery 


four principal alloys correspond with their formulas. 
The alloys have considerable hardness (nearly equal 
to gtm-stccl), high elastic limits (about 3 8 '".ons in 
the ease of the JO })er cent, alloy), and large ex- 
tensibility under strain. 

Aluminium bronze is not easily worked. It 
possesses many peculiarities. It can be well worked 
only within narrow limits of temyrerature ; cast- 
ings contract on cooling much more than in the 
case of aluminium, and tlic altiy can be forged 
only at a low red heat. It needs frequent annealing 
during working if worked cold. 

Aluminium bronze has some vogue ns an anti- 
friction metal on account of the smootlmess w'hichit 

1 Possesses combined with its hardness and toughness. 

t is more susceptilfie to corrosion than aluminium, 
but it resists the action of sea water, sulphuretted 
hydrogen, and coal gas w^ell. It can kept at a 
red heat for a long time without oxidation. lt« 
specific gravity is only slightly less than that of 
eopy)er. 

The 2.J y)et cent, alloy resembles in colour gold of 
low carat alloyed with eoy)y)cr. 'I he 5 y)er cent, 
more nearly ny)y)roaclios the colour of pure gold than 
any other metal ; the 7 per cent, has the colour of 
jeweller’s green gold : and the 10 per cent, is a 
bright light yellow. 


few of the alloys liquate 
as a single metal. 

The useful alloys 
of aluminium fall 
into two groups : ( 1 ) ! 
a 1 u m i n i u m eon- 
t^iiiiing 10 y»er cent, 
to 25 ])er cent, of 
other metals; (2) 
other metals con- 
taining 10 ])er cent, to 
15 per cent, of alu- 
minium. In almost 
e.yery case, alloys 
between these limits 
possess no useful 


in general the alloy acts 



The bronze alloys would be ad vantu genus for 

_ most of the yuirposes 

^ 7 which brass or 

, ordinary bronze is 
j used, but as they 
I cost considerably 
j more they are used 
j only where their 
; ])ai tieular exeollonee 
! counterbalances the 
i c‘xtra- cost, (.'hief of 
1 these uses at prestmt 
j is the manufacture of 
y)ropellers, for wdiicli 
j their great strength, 
freedom from sea- 


pro})crtieH, and are . water corrosion, and 

more chemical curio 11. ALUMIMIUM UTENSILS galvanic action, well 


sities. Alloys of the 

first class arc somewhat harder, stronger, and 
better wcarintf than the yiure metal, while they 
retain its lightness. They do not, however, resist 
<orrosion so well. In the case of the second 
class the effect seems to be a notable inerea.se in 
strength and toughness and a remarkable change 
in the colour of the metals with high colours. 

Aluminium Bronxe. Of the alloys of the 
second class, and of all the aluminium alloys, 
aluminium bronze is the most important. These 
bronzes are made by adding 2*5, 5, 7 ’5 or 10 per 
cent, of pure aluminium to the jairest copper (the 
Hmallest amounts of iron, antimony, or arsenic 
in the copper injuriously affect the alloy). They 
are metals liaving t-ensile strengths of from 
20 tons to 40 tons per square inch as the ])er- 
eentage of aluminium rises, strengths not greatly 
inferior to that of the finest steel, which, more- 
over, are reduced by only one-fourth when 
the temperature rises to 300 C. These wore the 
alloyi^ made by the Cowles reduction process, but 
now they are exclusively made by adding the 
aluminium to molUm co])per. It is most probable 
tliat these alloys are chemical eom])Ounds, for a^ter 
the aluminium has fused on addition to the copper, 
HO raucli heat is evolved that the crucible becomes 
white-hot and has to he removed from the furnace, 
while the ])roportioiis of the constituents in Ahp 
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adapt them. 

Various alloys with eopfier and zinc containing 
from 0-1 to 3 '3 per cent, of aluminium are known as 
“ aluminium brasses ” and are considerably superior 
to ordinary brass in strength and power of resisting 
corrosion. They are (•hea})er than the bronze 
alloys and can be forged at a red heat. 

Metallurgical Uses, 'rhe widest and most 
important use of aluminium is ])robably still in the 
purification and improvement of iron and steel, and 
the castings thereof. For this purjiose it is always 
added as “ feiTO-aluminium,” an alloy obtained by 
adding from 5 per cent, to 15 i)er cent, of aluminium 
to pure pig iron. Added to low carbon steel up to 
(>•2 per cent, it increases elastic limit and tensile 
strength (at the expense of ductility) and gives 
good eastings without blowholes. 

Its value in this connection is illustrated by the 
photographs of steel castings reproduced in 9 and 10 . 
In both cases A is the same metal as B, but has 
had aluminium added to it before casting, 0*1 per 
cent, in the case of 9, and 0*5 juir cent, in the other 
case. 

By adding from 0*05 per cent, to 0*1 per cent, 
of aluminium to molUm wrought iron a very 
fluid melt is obtained without the superheating 
which is ordinarily necessary to cast wrought iron. 
Castings so produced are called “ mitis ” castings. 
They are tougher than malleable iron castings, 
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^jhough not quite so uniform, and are almost entirely 
free from blowholes. In fact, mitis eastings 
are objects cast in low-carbon steel, yet having all 
desirable properties of wrought iron. None of the 
added aluminium remains in the casting. Its 
office is simply that of reducing the skin of oxide 
which prevents the wrought iron from becoming 
111 ! id and of preventing the formation of blowholes 
by keeping the metal fluid long enough to enable all 
the occluded and dissolved gases to escai>e. 

In the case of cast iron somewhat similar results 
arc* produced but for dilTerent reasons. Most of 
the nluminiuin remains in the finished product bt'- 
cause there is no oxide to reduce, its presence being 
prevented by the considerable (piantitics of carbon 
y)resent. The fluidity of the melt is hardly affected. 
The practical results arc that cl(‘-anc'r, more solid, 
softer eastings are obtained with a considerable 
d( duction in the percentage of deflective castings. 

Non«technical Uses. Of these the largest 
at present is probably as culinary utensils wlu-re it« 
lightness, toughness, non-poisonous, non-rusting, 
and hard-wearing properties would, but for its cost, 
have long ago given it that supiemiury which is a 
mere matter of time. An important. pro}>erty in this 
connection is its high heat-conductivity, which makes 
cooking in aluminium vessels a s]3eedy matt<‘r 
and scorching almost impossible. A reproduction 
[11] of a photograph shows sev(‘ral of the more com- 
monly used aluminium saucepans and stewpans. 
made, without scam, by stamping or casting. Wone 
of them weighs more than J oz. over the pound 
(capacity 3 to 4 pints), and the east-iron handles 
represent a fair pro))ortion of this w'cight. In the 
case of the camp saucepan, with frying-]uin lid, 
the handle weighs 4 oz. 

(h’cat hopes were raised at first of the use of 
aluminium in building and general coriKtriiction, 
but the great dep ociation in strength which it 
siifflTS ns the temperature rises, definitely put it out 
of this field. In military and naval personal and 
camp equipments aluminium finds an increasing use. 

Aluminium for elccd.rical conductors lias been 
rejected by the British l\)st Office because of the 
difficulty of making joints, the indefinite and per- 
manent elongation, and, in the (!asc of the bronze, of 
deterioration Its low im^lting point renders the. 
dangi*r of its fusing considerably if the current it is 
carrying bo inucli increased. It is, however, 
used for about 500 miles of power conductors 
in the United states. Whenever it is less than 
twice the price of copper it is, for conductors, 
relatively cheaper. 

It is successfully used in lithograjihy in place 
of the heavy, fragile, scarce and variable Solenbofen 
stone. Its US9 renders quick printing on rotary 
machines possible. 

Its incorrodibility and iimocuousness render it of 
considerable use in surgery and dental mechanics. 
It is considerably usca in scientific instruments, 
particularly where the inertia of a heavy moving 
part has to be avoided. Owing Uy its comparative 
freedom from chemical action it is used in many 
forms of chemical apparatus. 

In the form of powder it uuikes an excellent 
flashlight, for, in the finely divided form, aluminium 


burns very readily. The powder is also used 
with ferric oxide, as “ thermit,” in the Goldschmidt 
process, for reducing refractory metallic oxides, 
and for welding rails, etc. 

Aluminium is also largely used in motor-car 
building, in ix^trol motor-engim*s, in aerostatic 
ap])Hratu.s and machines, and in a host of smaller 
miscellaneous articles of everyday use, besides the 
particular uses rcfeiTed to above, either for its 
lightness or its deeorative effects. In general it 
is being increasingly used wherever lightness is 
synonymous with economy. 

Aluminium Salts. Alum and tliealuminatt‘s 
are much used in the industries. Alum, in com- 
merce, is the term applied to a double sulphate of 
aluminium with a base such as potassium, sodium or 
ammonium. Aluminium salts are the (‘.hief mordants 
used in textile dyeing to fix the dyestuff in the fibre 
and to modify the colour or shade. Alum is being 
displaced by the ])ure sulphate, from which all other 
aluminium mordants are pre^iared. 

When solutions of basic aluminium Rul}>hates are 
boilcxl, a still more basic and insoluble salt is thrown 
down, cs|)ecially in tlie presence of textile fibres. 
The basic acetates and sulxiho-acetates (“ red mor- 
dants”) are used in cotton printing. 

Aluminium sulphates are used for the base in 
“ lake ” pigments, and arc added to Prussian blue 
and other colours to improve the painting quality. 
They arc also used in the tawing processes of ])rc- 
paring skins for boot and glove making, and in 
preparing glue for p a] >er- glazing. 

In plaster-making, alum is used to increase the 
hardness. Healed plaster is ]>lunged in an S per cent, 
solution and calcined. When mixed with water, 
aluined plasters set more slowly l)ut much harder 
than ordinary plasters, the hardness resembling that 
of marble. 

BIBLIOGRAPHY 

Nickel. “ Handbook of Metallurgy,” V)y 
Schnabel, \'oK II., 11)07 (Nickel and Cobalt) 
(Macmillan. 2 Is.); “ Introduction to Study of 
Metallurgy,” by Sir W\ RolxT's-Auskm, pages 

300 to 418 ((iriffin. 18s.); “Alloys of Iron and 
Nickel,” by K. A. Hndtield, 181)9 (Institution 
of Civil Engineers). 

Leajl ” Metallurgy of Lind and Silver,” by 
H. P. Collins, Fart 1, Ix^ad. 1899 (tkiffin. Ifis.) ; 
“ Metallurgy Of Lead,” by H. O. Hofrnan (Seientific 
Pub. Co. 258.); “Handbook o^ Metallurgy,” by 
Schnabel, Vol. 1., 1905 (Macmillan. 25s.); “ I.<»ad 
and its Compounds,” by T. Lambert, 1902 (Scott, 
Greenwood & Co. 7s. fid.). 

Aluminium. The classic work is Dcvillc's “ Do 
r Aluminium” (Paris, 1859). The most compre- 
hensive book, and still the standard in many 
respects, is Hichards’ Aluminium” (Baird, 
Philadelphia, 189fi. 30s.). The great results of 

the ten years' work since ]89fi are covered by 
Moissonnicr’s “ L* Aluminium” (Paris, 1904), a 
chapter of 70 ))age8 on aluininiiim in Macmillan’s 
translation of Borchers' “ Electric Smelting and 
Refining” (Griffin, Ixinilon. 21s.), and Waldo’s 
translation of Miuet’s “Production of Aluminium 
and its Industrial Use ” (New York and London, 
im)5. 10s. fid.) 


Continued 


5993 



Group 20 

HORIZONTAL AND BAND-SAWS 

WOOD- 

WORKING 

3 

Horizontal Reciprocating Saws. Horizontal 

Ciiiiliniifd from 

1M«« MOi 

and Vertical Band-saws. Loading Appliances 


By FRED HORNER 


W/E may now leave the vertical reciprocating saws, 
^ ami consider those of horizontal type, which 
are coiilined to one pattern, employing either one or 
two blades. They are used for cutting up hard and 
expensive woods, and though not so rapid in action 
fis the frame saws they possess some advantage's. 

A very thin saw may be employed, which wastes a 
minimum of wood in sawdust, and the power con- 
sumed by the machine is small. A very iin]>ortant 
point is that the boards being sawn but one at a 
time, the sawyer may examine the timber, and 
alter the cut for any one board in order to avoid 
bad places concealed inside. The figuring of the 
timber may also be watched when cutting up for 
wainscotting or cabinet work. Jn a frame saw 
there is no chance to do anything of this kind, 
because all the blades are set, and must eom])lete 
the division of the log simultaneously. The hori- 
zontal saw does ntit need a very high grade of skilled 
labour to operate it and to sharpen and set the 
saws. It is therefore suitable for mills tmning out 
a moderate quantity of work in valuable woods. 

A 3()-in horizontal homd-cutter (as these machines 
are called) is shown by elevation, plan, and end 
view in 21 (W. B. Haigh & Co. Ltd.). It will l)e 
noted that there is a superficual resemblance to a 
metal -})1 an ing machine. The framing comjirises 
a l)ed - plate supporting 
two standards, on the 
front faces of which a 
saddle. A, may be ad- 
justed up and down by c 
screws, operated by a 
hand wheel and bevel 
gears, or tlu'oiigh a belt- 
pulley. The saw-blade, 

B, is strained between the 
extremities of a light 
steel frame s’iding in 
guides on the saddle, A, 
the blade being })as8ed 
through two wo(KJ-j)acked 
guides, seen inside and 
be!ow the saddle, these 
coining close up to the log. 

A long connecting rod, C, 
is coupled with a pivoted 
joint to the end of the 
saw - frame, and embraces 
the pin of a bent crank at 
the other, the crank being 
turned by a belt pulley, 
which, together with 
another, is made as a 
heavy flywheel. The crank 
throw is 14 in. The log 
table ^ D, travelling by 
rollers upon vee shaped 
rails, is racked along through the medium of a set of 
gears which derive their motion in the first place 
from the stepped cones at E, driving thence a worm, 
worm-wheel, and rack pinion. High-speed move- 
ments, in either direction, can be given to the 
by open and crossed belts on the pulleys, “ 
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nected to the shaft of the table pinion. The table, 
which is made in any length required, has dogs at its 
edges, set inwards by screws, to grip the log and 
prevent it from rolling about. 

Figure 22 gives a good idea of the general a])pear- 
anoe of a saw-frame, with single bla,de, one of Messrs 
Robinson’s designs. The cross rail is adjustable on 
the pillars by hand or by power, and a graduated 
scale, recessed into one pillar, enables the sawyer to 
see t he depth of cu t in the log at a glance, and to ju a ke 
his adjustments accord ing'y. The crank-shaft, which 
is balanced, lies between the sloping standards to 
the right, and, with its bearings, is adjustable up and 
down the sloi>ed guides, to keep the connecting rod 
ill a central position relative to the saddle, as the 
latter is set high or low to suit the cut. The log 
carriage, a short ]>ortion of which is seen in the photo- 
graph, is fed by variable friction gearing, and returned 
at a high sjwed, all the controlling levers being 
brought to one place for convenience of oxieration. 

It will be noted that the outlying standard for 
carrying the driving crank in these machines necessi- 
tates devoting a good deal of space in the mill ; this 
somewhat objectionable feature is done away with in 
one design by bringing the crank-shaft pillar close up 
to the saddle, and attaching the connecting rod to the 
far end of the saw-frame. Machines of double type 
have two blades, each i!i 
its sliding frame on front 
and back of the saddle, 
one frame having vertical 
adjustment to alter the 
lu'ight of its blade relative 
to the other blade. With 
two blades in action, the 
out})ut is considerably in- 
creased. The saw-frames 
slide in opposite direc- 
tions, and are driven from 
double -throw cranks sot 
at opposite centres. 

A practice that is rather 
common on the Continent 
is that of standing the 
driving crank Insarings 
upon a separate brick or 
cast-iron pedestal, but it 
is better to tie those bear- 
ings to the frame, as seen 
in the illustrations, to 
secure steady working. 
^ As the saws in the classes 
of machines described cut 
in both directions, the 
feed is continuous, not 
intermittent. The s^ieeds 
of horizontal saws average 
1,000 ft per minute, and 
the pulleys make from 160 to 250 revolutions per 
minute, according to the size of the log. Kates of 
feed lie between a few inches and 5 ft. per minute. 
The tables are usually made about 24 ft. in length. 

Band»8aws. All the reciprocating saw 
machines which have been described suffer from one 
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rlefect — slowness of cutting. 

There arc two classes of saws 
which work at a far greiitiT 
r.ite, the barul and tlie cir- 
cular. The former esj)t‘cially 
is entoing into rivalry with 
the frame-saws, and in many 
cases ousting them from their 
position in tlio mill as log con- 
verting macliines. It is claimed 
by some makers of band-* 
mills that one such machine 
will do tho work of three 
log frames, or twelve hori- 
zontal reciprocating machines, 
a fact due to thi^ enormous 
cutting capacity of the saw, 
a steel ribbon hav ng teeth 
running at a rato of 7,000 ft. 
per minute. 'J'ho feed is corre- 
spondingly increased, ranging 
from 5 ft. up to SO ft. per minute. A subsidiary 
advantage also gained by using band-saws is that, 
the blades lading very thin (from Id to 19 gauge, 
B.W.th), the waste of wood in tlie kerf (say in. 
wide) is greatly lessened by com^^arison with the 
tliicker frame-saws ; when dealing with eoslly 
timbers this inattor cannot be ignored, since the 
difference in width of kerf will bt* suffhaent on a 
few cuts to save a whole board, instead of throwing 
it away in the form of dust. A skilled operator is 
required to work a hand -saw machine propu-ly, 
and get the most out of it, and the shar))ening 
and setting of the saws must l)e done effiiucnlly, 
but there is no great difficulty in this. 

Horizontal Band-saws. Band-saws are 
constructed in two types, horizontal an I v'crtical, 
the latter being used far more in America than here. 
A horizontal machine by Messrs W, B. Haigh & (V)., 
Ltd., illustrated in front view and })lan by 20, 
embodies the principal fcature.s found in such saws. 
'Pwo circular pillars, A A, bolted to a bed })late, 
rccjcive sockets supporting , a cross-rail, in the ends 
of which the bearings for the wheels, B, C, are lield 
in pivots, to let tho wheels align exactly with tho 
saw. The pulley B is driven from fast and loose 
pulleys on its shaft, and it is of heavier construction 
than the other pulley, C, as the latter is an idler, 
driven only by the saw. The bhule passes through 
guides seen adjacent to the log. Tension is given 
to the saw by pushing out the i)ulley C in a socket 
bearing by means td' the hand wheel 1), 0}5erating a 
worm gear and screw. A balance weight arrange- 
ment (seen above tlie cross-rail, adjacent to D) 
maintains an even tension on the blade when run- 
ning by ke<q)ing a pressure on the pulley socket. 
The entire affair is raised or lowered on the columns, 
AA, by two screws, worked from worms turned 
by a horizontal shaft driven through bevel gears 
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from a hand wheel, E. An indicator shows 
attendant how thick a board will be cut. 

The log carriage, fitted with ^crew dogs, and travel- 
ling upon a V and a flaf rail, is actuated by rcack and 
pinion from the belt-pulleys at F, driving a friction 
disc, which rotates a roller at varying rates and 
eommiinicatcs by belt-pulleys across to a gear turn- 
ing tlK* rack })inion shaft, (r. A high speed in either 
direction is obtained from of)en and crossed belts on 
the pulleys II, thrown into gear through bevels, and a 
claw clutch with (L A set of four lovers at the stand, 
J, connect by rods to the three belt-ship})crs and tho 
claw chjtch, so that the sawyer has roiuplele control. 

Figure 23 shows a machine by Messrs. Robinson, 
with a log in position, and the feed works shown b> 
tlie breaking away of tlio floor. Tho attendant’s 
stand in front of tho left-hand pulley is also clearly 
shown. The ])ulleys are 5 ft. in diameter. The 
friction feed gear gives any s)R*ed u]) to (10 ft. ]ier 
minute, and quick movements of the carriage are 
o bta ined inde j>en dm tly . 

A photograjih token while the machine was run- 
ning is reproduced in 21-, showing one of Messrs. 
Ransorne’s saws, driven by an electric motor 
mounted directly upon the right-hand pulley spindle. 
The sawyer is controlling the siK'cd of the log as ho 
watches the cut. Some interesting examples of tho 
output of band-saws are given by the firm, the result 
of three hours' work. One man worked the machine, 
while two labourers removed tho boards, and helped 
to fix the logs in position. 

An elm log, averaging 33 in. diameter, and 14 ft. 
4 in. long, cut into 27-in. boards, and two slabs 
in 40 minutes. Whitewood log, 28J in. square, 
by 16 ft. 5 in. long, cut into 51 Lin. boards in 
60 minutes. Mahogany log, 15 in. S(pian\ by 20 ft. 
7i in. long, cut into 19 boards of differing thiclmesscs. 
Wainscot log, 12 in. by 18 in. by 13 ft. 7 in. long, 
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cut into 17 1-in. boards. Kauri pino log, IR in. 
B(|uare by 15ft. 2 in. long. Six J-in. boardh only 
M'crc out from this. 

'1 he total superlicial feet sawn in three hours 
amounted to 3,74t). 

A H'|»ecial tyjjo of log band-saw is constructed for 
the use of shipbuiklers, who n-t^uire to cut out 
shills’ timlx-TH of considerable length, having curves 
and bcv(‘ls. The two pulleys are arranged to rise 
and fall intlependeiitly, so that the blade can be set 
to an angle, and gradually lowered or raised to 
follow a curve marked upon the face of the log. 
The carriage is of great length, usually bO ft. 

The saws which wc have drscrib(*d and illustrated 
are of a typ(' with the saw completely ab(»ve the 
floor and the table. 33iere is on(‘ design, made by 
Messrs. Kirchner, of Leipzig, which diflers from 
the ordinary style, in that the pidleys are set low, 
and the blade passes beneath the table, cutting with 
its up]ier portion. 'Phe cross-rail is thus dis])ensed 
with, and the maeliino occu]»ies less head room, but 
excavation is necessary to take the bottom ])ortions, 
a feature which is done away with in the ordinary 
luachines. 

Vertical Band-saws. The vcrtiml log 
band-saws arc rather less exj)ensive to construct 
than the horizontal ty|)es, and they occupy less 
width in the mill, while they are capable of breaking 


down the largest sizes of logs. An 
objection to die design is that the 
loMTr pulley is partly or wholly 
buried under the floor of the mill. 
At the same time, very large pulleys 
can be used, as much as 9 ft. in 
diameter in the liiggest machines, 
with wide and powerful blades. The 
Americans favour these vertical 
band -III ills, to the exclusion of hori 
zontal types. The difference in the 
attitude of the saw, lying a.s it does 
vertically, necessitates presenting 
the log sideways, and as the pulleys 
are fixed, the log must be fed inwards 
for ea(4i out. Figure 25 shows a ver- 
tical band-mill, by Messrs. Kansome, 
in which driving is effected by an 
electric motor, 8i*en to the right, 
coupled to the spindle of the lower 
pulley, which is of hea vy const ruc- 
tion. The top pulley is built lightly, 
and its spindle is sup]iorted in 
swivel bearings, adjustable up or 
down, and jirovided with a Weight 
to give sufficient tension to the blade. Hard wood 
guides are placed to keep the saw running straight, 
above and below the log. One of the objections to 
the early hand-mills was that the truth of cut could 
not be depended upon, but with Unproved methods 
of hanging the saws, and constructing the framings 
and bearings, together with the provisionH of proper 
guides, this trouble has disapjiearcd. I)if1i<‘ulty is 
ex])erieneed only if an attempt is made to force the 
log along too fast for the saw to cut properly. 

T’he feed of the log carriage is effected through 
friction wheels, ojierating a rack and pinion. Tiie 
special feature, lH)wever, of the carriage |26] is 
the method of gripjiing and feeding iit» the log 
to the saw. The term d(Kj carriat/f- is a)>T)lied. 
and in America the feeding device is called the 
.•iet works. A number of lieadstoeks are mounted 
on lateral slides bolted to the hmgitudinal beams of 
the carriage. The log is grip]>ed between top and 
bottom dogs or clips attaelied to the vertical faces 
of the headstotjks, the dogs being locked by the 
action of weighted cam levers. All the headstoerks 
arc fed up to the saw simultaneously through screws 
and shafting operated from a ratchet wheel, which 
18 manipulated by the attendant with a lover, on 
both forward and backward movements of the lever. 
The amount of set-in may be gauged exactly, to 
give a definite depth of cut. The lieadstoeks are 
drawn backwards rayiidly by 
means of the hand wheel seen 
at the foreground, working bevel 
gears connecting to the feed 
screws. An arrangement is 
fitted by which the Tog may be 
moved backwards, or offset, after 
each cut, sufficiently to keep the 
back of the saw from catching in 
the sawn face. 

Feeding Devices. Two 

modes of feeding other than by 
rack and pinion are employed 
largely in the Stati's. Mope ferid, 
suitable for very long logs, em- 
bodies a friction drive, or a sepa- 
rate steam engine to wind an 
endless wire rope around a drum, 
and pull the carriage in one 
direction or the other, for cut 
and quick return. Direct-acting 
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stMim feeds include a lonp st/Cain cylinder lyinp below 
the carriage, with a piston-rod connected to it, so 
that as the piston is driven in either direction the 
carriage is drawn along, the rate of feed being 
variable by the sawyer admitting more or less steam 
by a controlling valve. The cylinder is built up in 
any desired length by sections fr<nn 4 ft. to 8 ft. long, 
by 7 in. to U in. bore, A coinbinalioii of a steam 
cylinder and a rojrc passing over pulleys is also 
used, in principle like the mechanism employed 
on hydraulic cranes and lifts, with multiplying 
pulleys. 

Loading Appliances. A special clnsa of 
'appliances is employed for loading logs on to the 
carriages from a Bloi)ing skid upon wliich the logs 
are stored, lying parallel with the (carriage. The 
log turner is a kind of friction winch, operating a 
chain, at the end of which there is a hook, to engage 
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in the log, and roll into position on the carriage, 
after which it may be turned and adjusted, 'i’lie 
l(}(j loader comprises a steam cylinder lifted below 
the bottom of the log skid, and actuating arms 
which release a log and allow^ it to roll on to the 
carriage of the saw. A foot ))edal operates the 
steam valve. The steam nigger is the quickest 
anoans of handling ; it consists of a long vertical 
arm, to which are attached hooked spikes. The 
arm is moved up and down, or canted by two 
steam cylinders of direet-aeiing ty])e, and the 
spikes may be made to catch in a log, pull it from 
the skid, roll it on to the dog carriage, and further 
turn it into any position most convenient for sawing. 
The skids arc 8ui>plied witli logs from a haul-up 
slipway, mentioned previously in connection with 
the lay-out of sawmills. 'J’here is a good deal of 
machinery for rapid handling employed in America 
that is hardly represented in British sawmills. In 
iddition to the loading appliances just described. 
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centre decks are fitted to the haiul-ups, for rolling 
the logs to one side or the other down the slope of 
the skid, from which they are taken ofT by one 
or other of the machines mentioned. The decks 
are worked from verti(!al steam cylinders, to the 
pistons of which arms are juvoted, and canted over 
as desired to press against the logs. 

Live rolls, consisting of a. train of rollers positively 
driven by bev(‘l gears, are useful for transferring 
material from the band-mill to the re-saws, and 
they save a great amount of time which would l)e 
o(^eiii)ied by hauling about hand and cranes. 
The timber is transferred to or from the live rolls 
by ineehaiiism wliich avoids handling on the part 
of the men ; the lateral motion is produced by an 
€*ndless pair of chains, which are raised into contact 
with the lumlier wlien desired, or by spiral rolls 
making eontac't underneath. 

Sawdust conveyors are used to transport the dust 
and refuse from the mill to the hoiler-ioom ; they 
are ran by an endless (diain driven from sprockets,' 
the chain carrying an o]>cn trough with singling 
sides. 

Circular saws, for breaking down, are treated 
in the next section of this coiir.se, together with 
the various lighter re-sawing inaehines. 

Continued 
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1 

Following MK'lOl^OY 
from page fi8l7 


THE SCIENCE OF REASONING 

Log^C| tho Business of Thinking’. Howto Find Out the Truth. Francis 
Bacon and John Stuart Mill. The Place of Facts and the Laws of Argument 


By Dr. C. W. SALEEBY 


“ IT has consistently been the object of the 

* Self-Educator,” the reader will say, “to 
stimulate us to reason and to think. Whatever 
the subject of the course, whether animals or 
metals, or ideas or what, wo have constantly been 
encountering something which, ns the French say, 
gives furiously to think. Now, at this late stage 
in the proceedings, after some of the most 
important of these subjects have run, or nearly 
run, their course, we are asked to consider the 
methods and principles of correct thinking. 
Surely this is a little late in the day. Would it 
not have been more logical to have determined 
the principles of thinking first and then, properly 
equipped, to have attacked the problems of 
nature and art ? ” 

Logic the First and Last of the 
Sciences. This, of course, is fair criticism, 
and it is to be hoped that every reader not 
already familiar with itr will find it occur to him. 
From one point of view, logit! is unquestionably 
the fundamental science. If it were possible, 
as it is certainly not, to arrange the sciences in 
a form of classification, having a beginning and 
an end, we could not very well question the right 
of logic to tlie premier place. It would bo much 
bt'tter, however, to arrange the names of the 
sciences in a circle, and then we should find that 
logic was alike first and last. First, because it« 
principles are em]jloyed in all the other sciences 
as well as in itself ; last, because it is from all the 
other sciences that those principles are inferred. 

Logically, then — as that word is used — w'e 
should have begun with logic. Practically, that 
course would have ended in failure. Tlie old way 
of teaching a foreign language to children was 
precisely analogous to the plan which we have not 
followed. The teacher began with the grammar 
of the subject and went on to its syntax. This 
was the surest way in which to make the language 
uninteresting, and whilst it looked scientific, 
it was really antiscientific ; since, instead of 
giving the student reasons for the rules, or 
explaining the manner in which they have been 
arrived at, the teacher simply stated these rules 
as dogmatic truths to bo accepted blindfold. 

Logic Must Have the Facta. It is 
now recognised, on the contrary, that though its 
grammar is fundamental to every language, just 
as its logic is fundamental to every science, 
the best fashion in which to learn a language — 
at any rate, for a child — is to begin with the 
facts and to obtain the rules afterwards. 

Now, this is exactly what has been the actual 
history of grammar and of logic. Languages have 
not been built from their grammar upwards, so 
to sp(5ak ; the recognition of grammar 
always come last. The language has beei^fl^- 
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fectly spoken and written by men who never 
concerned themselves with the existence of its 
theory or grammar at all ; then, afterwards, 
when there were multitudes of facts — facts of 
vocabulary and facts of usage — grammarians 
came, and from the facts inferred grammar by a 
parti<!ular logical process which is the most 
important of all logical processes, and which we 
must afterv^'ards study. 

Thus, also, logic is the last of the sciences. 
No science has been built from its logic upwards. 
The prime cause of the failure of logical systems 
in time past has been their prematurity. There 
were not enough facts from which to infer. This 
is why Aristotle, a consummate genius, the father 
of the science of logic, made what is from some 
points of view such a splendid failure. In his day 
there were not- enough facts from wliich to infer 
a system of logic. Just as a grammar can only bo 
established after a language has become a living 
thing, so a systt^m of logic can only l>e established 
after science has become a living thing. For all 
this there is, as we shall see, a logical reason. 

The Value of Logic in Life. And here 
we must meet another critic. Homer — or th(‘ 
other man of the same name — ■wrote divine 
poetry and knew no textbook grammar. Galileo 
founded a new science, yet scarcely concerned 
himself at all with the principles of reasoning. 
These things arc therefore supei’fluous. A little 
common-sense will keep one straight in ■writing 
and in thinking too. Let grammar be left to 
the grammarians and logic to the logicians, and 
let us get on t-o less idle matters. 

This also is a fair criticism, but it can be met. 
It does not follow that the man of letters is not 
the better for grammar, nor the man of science for 
logic. Whatever the history of literature may be, 
the history of science assuredly teaches us that 
the most unfortunate errors have constantly been 
made by the most acute and thoughtful observers 
just because of their logical insulBiciency, and 
that logic is pre-eminent as a means of economy 
in science, saving much time and making the 
most of effort. It is, unfortunately, the fact 
that at the present time the young student 
of science is not equipped with any form of 
training whatever in the principles of scientific 
thinking — which are, of course, the principles of 
all valid thinking. For reasons which are obscure, 
if not incomprehensible, logic is not conceived at 
our universities as having any particular relation 
to science. It is usually part of the Arts course, 
and is often bound up with metaphysics. Here, 
however, we must endeavour to make a step 
onwards and realise that logic is the first 
and last of the sciences — certainly not to be 
neglected by the scientific student, to whom it 



is a thousandfold more important than to the 
student of letters. 

Scientific Reasoning. Since the proper 
province of logic has been variously conceived by 
various thinkers, wo must not be too dogmatic in 
our attempt to define it, especially as language is a 
fluid thing, meaning different things at different 
times. The great modem logician, beyond all 
dispute, is John Stuart Mill. He approves of the 
definition of logic as the science and art of 
reasoning — but nowadays we use art in a more 
restricted sense, and the distinction which he 
draws between the two t<^rms may be ignored. 
Furthermore, we must dc^finitely use the word 
reasoning in a wider sense than was at one time 
admitted. At one time a man was said to 
reason only when he drew a particular conclusion 
from a general proposition — as “ Man is mortal ; 
I am a man and therefore must die.” This, 
of course, is one of the typical rational processes, 
but there is no adequate reason why we should 
deny the temi reasoning to the convcrsi*. process 
— thus, “ All the men who have ever lived havt‘ 
died, and therefore man is mortal.” 

Without further parley, then, let us discuss th(‘ 
last of these processes and contrast it -with the 
other. Various pairs of terras are used in order to 
contrast them. Reasoning from the general to 
the particular, and reasoning fiom the particular 
to the general, arc known respectively as a priori 
reasoning and a posteriori reasoning, or as deduc- 
tion and induction. Let us use the word infereiice. 
indifferently, but do not let us say “ deduce ” 
when we are describing a process not of deduction 
but induction. These two lorms have specialised 
meanings which ought to be recognised. The 
method of science is induction, and the first 
question which we may ask oursc^lves is as to 
the history of the recognition of this trutli. 

The Dogmas of the Church. It is one 
of the great facts of the history of thought that 
the value of induction has Ixon late of recognition. 
Aristotle paid it but little attention ; his logic 
w^as deductive logic. fJiven a gcmcral proposition 
— he asked himself — what is t hc^ ])roj)cr fashion 
in which to deduce from it, w hat is the manner 
in which we ascertain the other pro])osiiions, 
less general, which are implied or involved in 
the first proposition, and which necessarily flow 
from it ? For ages this logic of Aristotle re- 
mained hidden along with the rest of his w^ork. 
Plato was accepted by the C^hurch, and the 
Church was supreme. In the thirteenth century, 
however, that mighty thinker, St. Thomas 
Aquinas, reinstated Aristotle, who thus came to 
l)e accepted of the CJhurch, and whose logical 
methods were admirably suited to the needs of 
the Church at that time. 

From the point of view of those who accepted 
the raediopval Church os a final authority on all 
things, whether of heaven or earth, there was 
evidently no need for any but a deductive logic. 
The idea of questioning Nature never arose. 
From the authority of the Church there were 
derived various comprehensive propositions. In 
order to ascertain the truth upon any subject, 
therefore, it was merely necessary to r(*ason 
correctly from those infallibly true propositions. 
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Given true dogmas of universal applicability, 
^d given absolutely sound methods of reason- 
ing d^uctively, or a priori, from them — the truth 
upon all subjects was at anyone’s disposal. 

F rancis Bacon. But, as everyone knows, 
disaster followed. To silence Galileo was not 
to place the earth in the centre of the Universe, 
and the authority of the Church in matters of 
science found itself in difficulties from which 
it has never since been extricated. That amaz- 
ing genius, Francis Bacon (1561 to 1626), 
dedicated to the King in 1620 his great work 
called the “Novum Organum.” Despite its 
many defects and faults, this great work must 
remain a classic for all time. Every pioneer 
has faults. Nothing is easier or more impudent 
than, standing on the shoulders of Aristotle or 
Bacon or Spemcer, to declare them short-sighted. 
Bacon’s own knowledge of science was not 
really adequate for his purpose. Harvey said 
“ The Lord Chancellor wTites on science 
like a Lord Chancellor.” Bacon declared that 
his metliods would level men’s w its — “ for our 
method of Discovering the Sciences merely 
levels men’s wits and leaves but little to their 
superiority, since it achieves everything by the 
most, certain Rules and Demonstrations.” 
Some* three centuries have claj)sed. and we may 
confidently say that the difference* Ix'tween little 
men and big men is as conspicuous — and as 
humbling for us little* ones — as ever it was. 
Bacon under-estirnatenl the^ value of hypothesis 
in science — the^re w^as te) Ik* no tincture of any 
method but his method. And wliat is this Y 

The Logician’s Only Hope is in 
Induction. Man, the servant and interpreter 
of Nature (“ Naturae minister ac interpres ”), 
depends for his knowledge of truth upon the 
questioning of Nature, and especially upon 
rightly putting the question to her. W(', must 
not dogmatise until we investigate. “'I’hey who 
have presumed to dogmatise on Nature, as on 
some w^ell-investigated subject, either from self- 
conceit or arrogance, and in the professional 
style, have inflicted the greatest injury on 
Philosophy and learning.” 

I’lie better method was not to dispute upon 
the very point of the possibility of anything 
being known, but to put it to the test of ex- 
perience. Bacon goes on to say that the art of 
logic, employed “ after the mind has become 
prepossessed with corrupted doctrines, and 
fillcil with the vainest idols — has tended more 
to confirm Errors than to disclose Truth.” 
Instead of the “ Anticipation of Nature ” — 
so-called “ as being rash aiwl premature ” — 
Bacion seeks the “Interpretation of Nature.” 
“ The present system of 1 /.igic is usek'ss for tht^ 
discovery of the Scienecs — it forces Assent, 
therefore, and not things.” This is a never- 
to-be-forgotten distinction. If our notions “ be 
confused and carelessly abstracted from things, 
there is no solidity in the suix^rstnicture.” Our 
only hope, then, is in genuine Induction. 

There are two means by which induction 
may Ixi employed. Bacon describes them and 
condemns the first. The three paragraphs in 
which he does so are far too ^mirable and 
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far too pertinent to be mutilated. Here they 
are. 

Bacon’s ** Two Ways of Finding 
Truth.” “ There are and can exist but two 
ways of investigating and chscovering truth. 
Tile one hurries on rapidly from the senses and 
particulars to the most general Axioms ; and 
from them as principles and their supposed in- 
disputable truth, derives and discovers the 
intermediate Axioms. This is the way now in use. 
The other constructs its Axioms from the senses 
and particulars, by ascending continually and 
gradually, till it finally arrives at the most 
general Axioms, which is the true but un- 
attempted way. 

“The Understanding when left to itself [the 
original is “ Intellect us sibi permissus ’’ — a 
famous phrascj proceeds by the same way as 
that which it would have adopted under the 
guidance of Logic — namely, the first. For the 
mind is fond of starting off to generalities, 
that it may avoid labour, and after dwelling 
a little on a subject is fatigued by experiment. 
But these evils are augmented by lx)gic, for 
the sake of the ostentation of dispute. 

“ Faeh of these two ways Ix'gins from the 
senses and particulars, and ends in the greatest 
generalities. But they are immeasurably 
different ; for the one merely touches cursorily 
the limits of experiment and particulars, 
whilst the other runs duly and regularly through 
them : the one from the very outset lays down 
some abstract and useless generalities, the other 
gradually rises to those principles which arc 
really the most common in Nature.” 

Where Bacon was Wrong. The only 
sound method, according to Bacon, is to collect 
facts, right and left and indiscriminately. 8o 
lamentable were the consequences of the neglect 
of the inductive methcxl in his time that he would 
not allow even a fragment of any other method 
to be employed. Nowadays we are able to see, 
however, that Btu^on Avas wrong. No discovery 
of any moment has ever been made by the 
rigid use of his method, and doubtless no such 
discovery ever will Iw so mode. The discovery 
described by Darwin in his “Origin of Species'’ 
is one of the greatest of all time. For twenty 
years Darwin collected facts upon which' to 
build his great induction ; for twenty years he 
rightly put the question to Naturc-^iff he 
tells us himself that he opened his first note- 
book to collect facts hearing cm the hypothesis of 
the natural origin of species. 

Tills criticism is noteworthy, but it must not 
for a moment blind us to the epoch-making 
character of Bacon’s great perception “ Antici- 
pations,” he says, “ are sufficiently powerful 
in producing unanimity, for if men were all to 
become even uniformly mad, they might agree 
tolerably well with each other. Anticipations, 
again, will be assented to much more readily 
than Interpretations, because, being inferred 
from a few instances, and these principally of 
familiar wcurrence, they immediately hit the 
ITnderstanding and satisfy the imagination ; 
whilst, on the contrary. Interpretations J^ng 
deduced from various subjects, and these iflaely 
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dispersed, cannot suddenly strike the under- 
standing ; BO that in common estimation, they 
must appear difficult and discordant, and almost 
like the mysteries of faith. In sciences founded 
on Opinions and dogmas it is right to make use 
of Anticipations and Logic — [that its Logic as 
understond in Bacon’s time, the logic of Aristotle 
and the school men] — if you wish to force assent 
rather than things. If all the capacities of all 
ages should uni Ur and combine and transmit 
their labours no great progress will be made in 
Icaining by Anticipations ; Ijecause the radical 
errors, and those which occur in the first pro- 
cess of the mind, are not cured by the excellence 
of subsequent means and remeies.” 

The Proper Place of Facts. Nowadays 
Bacon’s great argument has triumphantly 
vindicated itself. The inductive method we 
.now recognise as the scientific method. Another 
term for induction m generalisation, and the 
great oliject of science is to generalise. Indi- 
vidual facts have their value, of course, simply as 
individual facts, just as a brick is worth some- 
thing as a brick. But the real object of science 
is to be able to state a vast number of particular 
or individual fatds as one groat fact which in- 
cludes them all. Such a great statement is a 
generalisation or induction, ahd its value Ix^ars 
the same relation to any of the individual facts 
which it exjiresses that a mighty building 
bears to any of the bricks of which it is composed. 

In the ordinary language both of science and 
common speech generalisations such as we have 
described are commonly called laws. Wo speak, 
for instance, of the law of gravitation or Newton’s 
laws of motion. The term is a good on(‘, and it 
is a bad one. It is good because it expresses 
something of the eonsiancy of Nature. It is 
thoroughly bad because it gives us an entirely 
wrong notion of the real characteT of what we 
eall laws of nature. No better illustration can 
be found than the law of gravitation. Wherever 
and whenever we examine the behaviour of 
matter, we find that it exhibits a constant 
tendency to attrac^t other portions of matter 
with a force varying definitely acrcording to 
definite conditions. We notice this, so to speak, 
of the moon and of the planets and of an apple 
on the earth, and after we have noticed it on a 
great many occasions aiKi in a number of different 
instances, we venture to express these particular 
facts in a general statement which will include 
them all. The ” law ” of gravitation is merely 
such a general statement or generalisation. 

The Danger of a Generalisation. But 
every generalisation without exception is more 
comprehensive than the series of particular 
facts on which it is erected. We may have 
examined a million cases and found gravitation 
true, but the generalisation which we have 
erected upon them presumes to cover not only 
all the other cases in the present, but all the 
cases in the past and all in the future. Thus 
there is something hazardous in induction. If 
there are a thousand and one facts, and you have 
framed an induction upon a thousand of them, 
the remaining one may defeat you ; and the 
facts of Nature are infinitely numerous. We 



therefore can never have too many facts upon 
which to build, and we can never be too modest 
in the expression of conclusions. Fortunately, 
there is, however, a means of testing our generali- 
sations, and that is by the use of deductive 
reasoning, as we shall soon see. 

Now, let us observe what is implied in all our 
generalisations, such as that of gravitation. What 
IS the logic of them ? We ascertain a number of 
facts about matter in certain conditions, and 
we venture to assert that, therefore, similar 
phenomena will always be displayed and always 
have been displayed by matter in similar con- 
ditions. 

The Stupendous Assumption of 
Uniformity in Nature. But there is a 
stupendous assumption here, as the thoughtful 
reader will immediately see. It is the assump- 
tion that Nature is uniform, continuous, con- 
sistent, constant ; the assumption that causation 
is universal, and that like causes always pro- 
duce like effects. This tremendous postulate 
underlies all our inductive reasoning, and if 
it be not granted, not a single scientific induc- 
tion, not a single so-called law of science, 
need be accepted. The objector may say, 
“ What you assert may bo true of all the cases 
you know ; it may, indeed, be true of every 
case at present and of all cases in the past ; 
but what proof have you that it will be true 
to-morrow V ” 

Now, the doctrine that Nature is uniform is not 
by any means a sort of intuitive truth which the 
mind has always possessed or has always taken 
for granted. It has to be acquired by the mind 
of the child ; it has taken countless ages to be 
acquired by the minds of the grovatest thinkers 
of the race, and it is only nowadays beginning 
to become common property. 

It is immeasurably the greatest of all gene- 
ralisations — the greatest because it is the most 
comprehensive and the most significant, and 
the greatest because the truth of it is assumed 
in the construction of all other generalisations 
whatever. But it has a wide base. It rests 
upon every fact known to experience, and there 
is no known fact that contradicts it. 

Nature Keeps Her Word. It is only 
with the utmost difficulty that this truth has 
won its way from department to department of 
human thought. For centuries after it had 
been grudgingly admitted as true of inani- 
mate objects its applicability was entirely 
denied to living things. The notion that it 
applies to man and his doings as an individual 
or in society is still repugnant to many who are 
concerned less to question its truth than to 
declare that it belittles man and human life — 
instead of, as we believe, exalting them. But 
whether true or false, this great doctrine that 
Nature keeps her that there is neither 

chance nor contradiction nor caprice in the 
cosmos, is the underlying assumption of all 
scientific generalisations. We shall do well to 
recognise this ore we generalise at all. 

Our insistence upon the importance of the 
greatest of inductions, and of the recognition 
of it as an assumption whenever we generalise, 

2 c a 97 


LOQIO 

leads us to the name of John Stuart Mill, to 
whom the argument is chiefly due, and a brief 
account of whom cannot possibly be ignored in 
any discussion of inductive logic. 

John Stuart Mill. Mill was bom a cen- 
tury ago, in May, 1800, and died in 1873. He 
is one of the most conspicuous instances of 
hereditary genius, his father, James Mill, being 
a great historian and psychologist. A great 
deal of Mill’s work was controversial against the 
accepted theology of his time. Much of it, and 
that extremely important, was political, and 
some of it ethical ; but beyond a doubt the 
greatest work of him whom Mr. Gladstone called 
“ the Saint of nationalism ” was his “ System 
of Logic,” published in 1843. This great work 
can now be obtained for a very moderate sum, 
and the reader may Ixs assured that sixty years 
have not brought it anything but strength. In 
a previous course we have had occasion to 
quote from this great work a conspicuous 
instance of insight and prescience as regards 
the ultimate character of the elements. This 
and the “ NoYmm Organum ” are no doubt 
the greatest works yet written upon inductive 
logic. Mill’s tremendous advantage over Bacon 
may l>e realised if we remember that Mill was 
a psychologist, as Bacon was not, and more 
especially that inductive logic had been practised, 
and that with the very greatest success, during 
the two centuries that separated these great 
works. Between them there appeared no work 
on logic of any such rank — ^nor since. The book 
is very long and not easy reading, but the 
serious student will be well advised to prefer it 
to the various renderings of it which have been 
given by subsequent writers. 

A Summary of Mill's ** System." Mill 
demonstrates a number of necessities, which must 
be taken for granted in an introductory course so 
brief as this. He shows, for instance, that we 
must analyse language ere we can make much 
progress. If we do not examine the real import 
of name^and other words w'e cannot “ examine 

into the import of propositions 

a subject which stands on the very threshold of 
the science of logic.” It follows that, as may 
have already suggested itself to the reader, the 
relation betw^een grammar and logic is even closer 
than our initial analogy between them suggests. 
Grammar is indeed none other than the logic of 
language, and most errors in the use of language 
are errors in logic and fit study for the logician. 

Here, however, all that can J^e done is to direct 
the reader’s attention to one or two of the most 
remarkable chapters in this book. These are 
also the most attractive chapters, and will 
encourage the reader to proceed. He cannot read 
Chapter VI, “ On Propositions Merely Verbal,” 
without feeling that he has made a discovery, 
and the same is true of Chapter VIII., “ On 
the Subject of Definition.” From this the work 
proceeds to Book II., which deals, comparatively 
briefly, first of all with inference or reasoning 
in general, and then with reasoning m the old- 
fashioned sense of the word — namely, with deduc- 
tion. Book III. is the longest and much the 
most important, dealing with induction in a 
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fashion which is now classical. Here the reader elusion is perfectly established until it can be 

will delight in the chapters on the law of causa- reached alike bv induction and deduction, alike 

tion, the laws of Nature, Chance, Observation, a posteriori and a priori^ alike by direct obser- 

and Experiment. Book IV. is subsidiary to vation and by pure reasoning. 

Book III. ; Book V. deals with ^ the fascinating How Newton ** Reaeoned Out** 
subject of Fallacies, and Book VI. with the logic Gravitation. Let us take a never-to-be- 

of the moral sciences, by which now obsolete forgotten instance. Working upon the laborious 

term Mill means psychology, sociology, the ol>servations of Keeper, Newton made a great 

science of character, and their allies. induction or generalisation — that the motions of 

All Science Begins in Observation. heavenly bodies are determined by a force called 

Let us learn from this brief analysis that gravitation. That induction could not be regarded 

neither logical process should be regarded as as secure, any more than any other induction can, 

complete without its fellow. We commonly until it had been used as a basis or starting- 

speak of induction or inductive logic as the point or assumption for the process of deduction, 

scientific method, and too great emphasis cannot and until observation had shown that such 

Ixj laid upon the fact that the beginning of all deductions led to the truth, 

science is observation. To this experiment may Neither induction nor deduction can stand 
l)e added, but, of course, experiment is none alone, and the results of each afford great ser- 

other than observation under purposely devised vice to the other. Starting with the law of gravi- 

conditions. But no science is perfect which tat ion as a truth — its origin, whether by induction 

uses induction alone, and there are sciences in or by universal consent or by a necessity of the 

which induction is almost entirely or entirely mind, being for the moment immaterial — it must 

absent. Pre-eminently, mathematics is a de- follow by deductive reasoning that certain pecu- 

ductive science, and it has that character of liar movements on the part of the planet Uranus 

infaUibility which distinguishes the products of must be due to another planet of a certain size 

sound deduction. In mathematics, when cer- and distance situated still further from the sun. 

tain things arc granted, certain other things This was the deductive conclusion. If the tnith 

follow, and inevitably follow. They must be so. of the law of gravitation be taken for granted, 

if the laws of deduction are to be taken for and if all other explanations of the irregularities 

granted. Given the conditions and assumptions of the path of Uranus be excluded — this diffi- 

of the geometrician, the three angles of a triangle culty of excluding all other possibilities being 

must l)e equal to two riglit angles. There is not the cardinal difficulty of deduction in practice — 

the slightest need to measure them in any then there must be such a planet, and there is 

particular case or scries of cases. The fact must no more need to look for it with the telc- 

be so. scope than the old astronomer thouj^t there 

How the Telescope Upset the “Lo- was need to look through Galileo’s. But men 

gicians.** Now, would it not be pleasant if only knew how dangerous a priori reasoning is, 

all the other sciences could share this delightful and they therefore put the deduction to the 

privilege of mathematics ? Tlie old opinion, test of observation, with the result which all 

indeed the common opinion before Bacon, was the world knows. 

that they could. It was not necessary 'to look “If This Is So, That Must Be So.** 
upon the sky: theremustbesevenplanetsbecau.se Not only does the discovery of Neptune serve 

there were seven virtues and seven deadly sins, as ah observation, confirming the processes of 

and l)ecau8e seven was the jierfect^number. deductive reasoning from the law of gravitation. 

When Galileo asked one of his colleagues at Pisa but evidently it furnishes now and potent 

to look through his newly-invented telescope at strength to that great induction itself. And this 
the newly-discovered moons of Jupiter, the is the test of every induction — that when used 

worthy man refused. He knew' a priori, or by as a starting-point for deduction it ‘shall lead to 

deductive logic, that Jupiter could have no conclusions capable of independent confirmation, 

moons, any more than the sun, being perfect. The common-sense man perfectly well recognises 

could have spots — which Galileo also discovered. this great process. The reader will recognise 

The “ a priorist ” was wrong, and wull be a by- his recognition of the process and of its import* 

w’ord to all succeeding time. But it is obvious ance in such an imaginary conversation as this, 

that, as Bacon pginted out, the method is an which might be heard at any street oomr r : 

easy and convenient one. It is not only easy “ Oh, you think that’s the way of it, do you -? 

and convenient, but it leads to the truth in All right then; if that’s so, then that other affair 

mathematics. And the question arises whether must be as 1 said it would. Come along, and we’ll 

there is not some place for it in the other sciences. see if you are right. ” In other words, our friend 

Deduction has such a place in science generally, proposes to test an inductive conclusion by the 

and we may even say that no scientific con- consonance with fact of the deductions from it. 

Continued 
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r FOREIGN AND COLONIAL EXPORTS FROM THE 

BRITISH ISI.IIS (Value F.O.B.) 






lucrekte (4-) or 

AliTICLBS. 

1S04. 

1S03. 


l»eoreiMK» ( - ) in 

1906 n» coinptircd 





with 1904. 

L— FOOD, DRINK. AND TOBACCO : 

£ 

£ 

; £ 

£ 

Grain and Flour 

Meat, includlne Animals for food 

Other food ana drink : 

1,366,894 

718,900 

1,535,143 

813,248 

1,:H99,352 

799,787 

+ 33,458 

-f 80,887 

(1) Non-dutiable 

3,661,448 

3,915,340 

4,063,026 

+ 601.678 

(2) Dutiable 

4,989,476 

5,542,518 

5,505,982 

-1- • 676,606 

Tobacco 

245,402 

221,213 

221,272 

- 24,130 

Total, Class 1 

10,881,120 

12,027,462 

12,049,419 

-h 1,168,299 

II.— RAW MATERIALS AND ARTICLES 





MAINLY UNMANUFACTURED : 

Coal, Coke, and Manufactured Fuel 

72 



~ 72 

Iron ore, Scrap Iron and Steel 

26,533 

47,266 

27,177 

+ 644 

Other Metallic Ores 

266.553 

369,313 

495,938 

1 229,385 

Wood and Timber 

641,000 

687,971 

000,233 

7,100,870 

+ 268,143 

Cotton 

7,242,952 

6,988,904 

- 142,082 

Wool 

0,739,345 

11,236,257 

11,575,035 

+ 1,835,690 

Other Textile Materials 

3,327,977 

3,784,248 

4,856,008 

i- 1,528,031 

Oil Seeds, Nute, Oils. Fate and Gums 

Hides and Undressed Skins 

4,568,637 

4,596,361 

4,752,556 

6,523,259 

+ 18:1,919 

3,961,494 

5,107,871 

+ 2,561,765 

Materials for Paj)er Making 

148,230 

153,029 

165,909 

4 17,079 

Miscellaneous 

9,312,478 

10,863,795 

11,000,969 

f 1,688,491 

Total, (3;iss II. . . 

39,2:t5,361 

43,835,105 

47,406,954 

-f 8,171,593 

III.— ARTICLES MAINLY MANUFACTURED: 





Iron and Steel and Manufactures thereof 

385,803 

331,192 

;151,270 

- 34,533 

Other Metals and Manufactures thereof . . 

4,632,275 

5,755,894 

7,855,192 

4- 3,222,917 

Cutlery, Hardware, linplemente, and Instruments 
Electrical Goods ana Apparatus (other Ilian 
Machinery and Telegraph and Teleiihonc Wire) 

668,718 

520,138 

648,949 

- 19,769 

4- 63,637 

57,955 

74,191 

121,592 

Machinery 

881,238 

1,134,814 

1,522,991 

4- 641,753 

Ships (new) 

Manufactures of Wood and Timber (including 

4,530 

13,359 

1 

10,250 

4- 5,720 

4- 9,231 

Furniture) 

Yams and Textile Fabrics : 

170,258 

181,610 

179,489 


(1) Cotton 

968.037 

1,395,756 

2,630,609 

4- 1,062,682 

(2) Wool 

994,120 

1,144.772 

1 1,087,304 

4- 03,184 

(3) Other Materials 

3,905,928 

3,781,496 

! 3,176,007 

- 819,921 

Apparel . . . . 

405,411 

369,208 

4;J7,r>08 

4- 32,097 

Chemicals, Drugs, Dyes and Colours 

Leather and Manufactures thereof (including 

1,40:1,287 

1,473,578 

l,:i66,915 

1 - 36,372 

4- 336,811 

Boots and Shoes, and Gloves) 

1,638,445 

1,489.853 

1,975,256 

Earthenware and Glass 

325,684 

288,982 

184,606 

- 141,018 

Paper 

115,614 

90,858 

122,133 

4 6,510 

Miscellaneous 

3,422,235 

3,729,288 

3.840.876 

i 4- 418,641 

Total, Class 11 f. 

20,069,538 j 

21,783,989 i 

25.511,067 1 

4- 5,441,529. 

IV.— MISCELI.ANEOUS AND UNCLASSIFIED : 

1 18,262 I 

i:L3,357 1 

105,946 1 

4- 77,684 

Totals, all Classes 

70.304,281 j 

77,779,913 | 

85,16:1,386 j 

4-14,850,105 


United Kingdom,” a large blue-book in two volumes, 
which gives very full dcteils of British trade for the 
past five years. Summaries of these will be found 
in the “ Stetesman’s Year Book.” 

The principal articles of home produce exj^wrted, 
and the principal articles imported, in each of the 
years 1904, 1905, and 1906, are as given on the 
opposite page. 

The Carrying Trade. In addition to the 
“ Special ” trade of the country itself, there is a very 
large transit trade. British ships visit every land 
of the globe. It is convenient to send articles from 
the smaller ports of Europe to America or Australia, 
or the Far East, via London or some other British 
port which has regular communication with other 
ports. The bulk of it is done through London 
(nearly 70 per cent, of free goods) and Liverpool 
(nearly 24 j^er cent, of free goods). This trade is 
very valuable. The figures are given in the table 
of foreign and colonial ex|>orts above. 

JYom • the table giving a statement of the 
trade with various countries, which is given on 
the next page, it will be seen how (a) proximity, 
(b) advanced economic development, and (c) poli- 
tical attachment count as all-important factors in 
deciding the amount of our trade. The British 


trade with different countries has already been 
noted in previous articles rn these countries, and 
need not be revised Jiere. 

Tonnage at the Chief British Ports. 

This is another indication of the relative import- 
ance of our ports. Those iwrts with a total tonnage 
of over 1,000,000 tons entered and cleared in 1904 
(excluding coastwise trade) arc as follow : 


Tons. Tons. 

London .. 17,619,124' Manchester .. 1,912,184 

Liverpool .. 14,300,465 Leith .. .. 1,886,422 

Cardiff .. .. 12,791,904 Middlcsbro’ .. 1,801,153 

Tvne Porte .. 8,511,584 (irlinaby .. 1,763,048 

Hull .. .. 4,491,780 Swansea .. 1,678,547 

(llasRow . . 4,184,126 Hamv’ich . . 1,556,700 

Southampton .. 3,989,069 (Jran«einouth .. 1,465,163 

Dover .. .. 3,505,415 Methil .. .. 1,32.3,132 

NewiK)rt, .. 2,881,009 Bristol .. .. 1,265,078 

Blytfi .. .. 2,441,660; Kirkcaldy .. 1,073,429 

Sunderland .. 2,135,993 Goole .. .. 1,069,206 


It will prove a useful conclusion to our study of 
the trade of Britain to consider the trade of the eight 
most important ports, and some others typical of 
special regions. The figures are for 1905. 

The Trade of London Examined. The 

exports of United Kingdom produce at London 
worth over £1,000,000 a year are apparel, arms, 
chemicals, cotton goods (£7,542,(X)0), machinery and 
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millwork, medicines, copper, ivory, painters' colours, 
wooUeu goods (£5,488, 0(X>). 

The exports of foreign and colonial produce from 
London worth over £1,000,000 a year are numerous 
— raw coffee, raw cotton, hemt), , jute, undressed 
leather, tin, tea, and wool, of wnich the last is by 
far the most valuable (£7,290,000). London has 
more imports than exports, and the imports worth 
over £1,000,0(K) per annum are living animals, 
butter, mi>tor-cars and cycles, cheese, chemicals, 
raw coffee, wheat, barley, oats, maize, wine, flour, 
raw cotton, manufactured cotton, dj'es, eggs, fish, 
fruit, glassware, gums, hemp, jute, hops, leather, 
machinery and millwork, fresh and preserved beef 
and mutton, copper, iron and steel, lead, tin, 
petroleum, paper, flax, seeds, linseed, silk goods, 
skins, sugar, tollow, tea, wine, wood, wool, woollen 
goods. VVool (nearly £18,000,000) and tea (over 
£9,000,000) are the most iin}>ortant, as most Eastern 
and Australian boats come to London. 

The Trade of Liverpool. This is based 
largely on the needs of South Lanc'ashire for a 
market for its cotton and for an inlet for raw 
cottons and food. About three-fifths are cotton 
goods ; iron, steel and machinery next. Woollen 
manufactures, chemicals, hardware, and linen goods 
(from Ulster) follow. The exports of foreign and 
colonial produce are very varied. Rubber, raw 
cotton and wool are the most important. 

The imports at Liverpool include much raw 
cotton ; wheat, maize and rice among cereals ; 
meat, fresh and salt; sugar, tobacco, cheese and 


WilTISH TRADE WITH VARIOUS COUNTRIES 

Ex parts. 
IIKW. 



36,062,291 

44,361,153 

Australia.. 

26,968,977 

19,476,463 

New Zealand 

13,391,222 

6,994,806 

Canada . . 

25,695,808 

13,707,079 

Newfoundland . . 

508,807 

500,888 

South and East Africa 

5,724,662 

18.301,382 

Straits Settlements 

6,835,025 

3,283,966 

Hong Kong 

386,440 

3,841,735 

British West Indies 

1,050,4.58 

2,263,802 

Ceylon 

4,477,950 

1,436,279 

British Guiana . . 

553,663 

724,340 

(channel Islands . . 

1,666,014 

1,321,448 

West Africa 

2,368,642 

3,036,910 

Malta . . 

41,158 

1,193,837 

All other Possessions 

1,231,413 

2,210,332 

Total British Possessions 

127,868,726 


United States of America 

116,573.061 

47.282,088 

France . . 

53,072,900 

23,222,663 

Germany 

36 799,768 

i 42,742,300 

Holland 

36,481,059 

i 14,616,887 

Russia 

32,306,234 

1 14,884,060 

Belgium . . 

27.761,288 

14,818,928 

Argentine Republic 

25,024,826 

13,383,835 

Egypt 

14,976,188 

8,069,668 

Denmark 

16,416,456 

4,476,624 

Spain 

13,868,631 

4,841,774 

Sweden , . 

9,827,993 

6,016,332 

China 

2,340,346 

13,298,828 

Brazil 

8,109,208 

6,916,617 

Italy 

3,324,596 

9,787,306 

Turkey 

5,491,443 

6,979,147 

Japan 

1,860,313 

9,796,900 

Chile 

6,068,081 

4,782,382 

Norway .. 

5,954,870 

8,712,682 

Portugal 

2,929,634 

2,826,257 

Java 

1,890,330 

3,012,280 

Philippine Isles . . 

1,889,302 

2,429,060 

Austria . . 

1,488,604 

2,608,225 

Rumania 

1,689,513 

1,305,658 

All other countries 

18,737,119 

23,167,873 

Total foreign countries . 

427,161,191 

^4,883’60r 

Grand total . . 

565,0i97M7 

407,696,^ 


dairy produce, fish, jute manufactures, leather* 
unwrought copper, palm and other oils, and timber. 

Cardiff and the Tyna Porta. Coal, coke, 
and patent fuel form most of the exports of Cardiff 
(over £9,650,000 out of £9,696,000 in 1905). The im- 
ports are cereals (mainly wheat), timber, and iron ofe. 

The Tyne ports are also coal ports, but here ships, 
w'ith their machinery, iron and steel manufactures, 
and copper, are additional exports. The imports 
ore butter, wheat, timber, eggs, bacon, lead, sSver, 
iron ore and copi)er, and refined sugar. These show 
the connection with Baltic and North Sea lands. 

Hull and Glasgow. Hull is a port of a 
manufacturing district, and attracts trade from a 
wide area. Wool, woollen yarns and goods are 
exports not quite so valuable as cotton yams and 
goods, while machinery and iron -and steel manu- 
factures are the most valuable. Oil and leather are 
also exports of home origin. Hull is a port which 
does a considerable transit trade in raw cotton, rubber, 
machinery, tools, wool, skins, fish, fruits, and seeds. 
Hull imjiorts cereals (especially wheat and barley), 
seeds (especially cotton and linseed), sugar, timber, 
wool, dairy produce, moat, oils. Here, again, the 
needs of the neighbouring manufacturing district are 
obviously largely supplied through its port. 

Glasgow has a very complex trade in machinery, 
iron and steel manufactures, and ships, beer and 
spirits, chemicals, coal, china and earthenware, 
cotton yarn and goods, jute yarns and goods, linen 
yarn and goods, wool and woollen goods. The im- 
)orta include flour, wheat, maize, and other cereals, 
ive animals, meat (especially hams), iron and iron 
ore, timber, fruit (especially oranges and apples). 

Southampton and Dover. The chief 
exports at Southampton arc cotton manufactures, 
apparel, leather, woollen goods, and books ; at 
Dover, woollen goods and apparel. Southampton 
lias an entrepot trade in silt manufactures (rrom 
France), furs, tea, wool, shells, precious stones, 
and some rubber; and the transit trade of Dover 
is one mainly in wool, feathers, and furs. 

The imxiorta of the two differ somewhat. South- 
ampUm’s imports of live animals, cacao and coffee, 
feathers, fresh beef and bacon, silk manufactures, 
skins, vegetables, wool and woollen manufactures, 
show its connection with tropical America, France, 
and South Africa. Dover’s imports — woollens, silk, 
and cottons, watches, wine, apparel, and embroidery 
— all tell of its nearness to Continental Europe. 

Leith, Bristol, and the Irish Ports. 
Leith represents, to a certain extent, the trade of 
Eastern Scotland, though ports like Methil export 
much more coal. Machinery and iron and steel 
work are the chief exports ; linen and cotton goods, 
some woollen goods, coal, fish, and oil are others on 
the list. The imports of Leith are more valuable, 
and include dairy produce, sugar, wheat, barley, 
flour, flax, glass, linen yam, manures, iron and steel, 
paper, and timber (from Baltic and North Sea ports). 

Bristol exports iron and steel manufactures from 
the Midlands. Like Leith, its imports are worth 
more than its exports, and are wheat, maize, sugar, 
dairy produce, fruit, meat, metals. 

The Irish ports export little abroad. Belfast sends 
machinery, ships, and linen yam, and Dublin a 
little wool. Tile imports are considerable, Belfast 
taking raw cotton, flax, maize, flour and wheat, 
linen yam, petroleum, sugar, tobacco, and 
timber. Dublin imports wheat, flour, and maize, 
timber, petroleum, and sugar. Cork and Limerick 
import wheat, maize, and sugar. Maize goes to 
Derry, Bligo, and Waterford. 


CoMMBBCiAL Gbogbaphy Concluded; foUotoed by Astronomy 
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By SIR BOVERTON REDWOOD 


IN the brief account which i« all that can here be 
* given of the numeroiiB oil-fields of the world 
the comparatively unimportant areas, supplying 
or partially supplying only local requirements, are 
necessarily ignored. Of those mentioned, the rela- 
tive im])ortanoe changes almost month by month 
with the discovery of new fields, the variations in 
activity of operation of those previously in work, 
and other causes too numerous to 8j>ecify. 

The Wells of the United States. Nearly 
every State in the Union rejoices in the possession of 
a greater or less extent of oil-bearing territory, the 
solo exceptions being some on the Atlantic coast, 
and some westward of the (ireat Lakes on the 
northern frontier. The several States, like the rest 
of the world, continually vary in the relative import- 
ance of their production of petroleum, and a purely 
geographical course will be the simplest to follow in 
a rapid sketch of the princij)al fields. 

The Appalachian oil-fields, comprising a great 
number of more or less independent “ oil-pools,” 
or centres of yield separated by barren areas, 
begin in Allegheny county. New York, «iid travers- 
ing the western side of Pennsylvania and West 
Virginia, and portions of Kentucky and Tennessee, 
extend some 50 miles into Alabama, a range of 
about 700 miles. Throughout this length the lower 
portion of the Carboniferous system and the sub- 
jacent Devonian yield a large proportion of the 
American output of yKitrolcum, though now begin- 
ning to show signs of exhaustion. The great cities 
of Pittsburg and Allegheny at one time maintained 
their extensive metallurgical and kindred industries 
largely by means of the abundant gas present in 
the sands of the Catakill group at the base of the 
("arlmniforous scries*, while the richest yield of oil 
is derived from the Chemung division of the 
Devonian system. 

In Eastern Ohio, the same rock-group afford 
petroleum as in Pennsylvania, but in the interior 
of the State, and also in Kentucky and Tennessee, 
the yet lower Silurian series supplies large quantities 
of oil and gas. The oil, however, varies in quality 
from that of the higher rock-series in containing a 
considerable amount of sulphur, and requiring 
special processes for its J)urification. The difference 
is probably due to the derivation of the Silurian 
limestone oil from animal remains, while the paraffin 
oil of the Devonian ahd Carboniferous sandstones 
appears to be of vegetable origin. In the Indiana 
and Illinois fields, the Carboniferous, Devonian, and 
Silurian all supply ptroleum in varying amounts. 
Missouri and Arkansas produce but little oil, which 
is of CJarboniferous age. Beyond this, we find a 
rich oil-field in the lower Carboniferous rocks occu- 
pying the south-western parts of Kansas, and ex- 
tending across Oklahoma and Indian Territory. The 
belt of these rocks continues across Texas to the 
Mexican frontier, but apparently in less productive 
condition, though this may be due not so much to 
icB poverty as to neglect of testing operations, owing 
io the presence, further eastward in the State, of 
formidable rival fields in the Cretaceous and Tertiary 


rocks, where the additional advantage exists of 
being nearer to the coast of the Gulf of Mexico. 
Nearly every county in the eastern half of Texas 
is more or less j)etroliferou8, and especially Hardin 
and Jefferson. These and others along the Gulf 
Coast comprise several independent oil-fields, dis- 
covered only within the present century. The 
coastal fields extend from Corpus Christi, Texas, into 
Louisiana, as far os the Atchafalaya branch of the 
Mississippi, and may eventually bo found to range 
into Florida. In the West Indian Islands the 
jjctroliferous belt may be traced through Cuba, 
Hayti, Porto Rico, Barbados, and Trinidad, to the 
coast- fields of Venezuela and Colombia, while in 
the opposite direction it is more or less continuous 
from the Texas frontier throughout the Atlantic 
States of Mexico. 

To the west of the great plains of Kansas and 
Nebraska rise the hills of Colorado, Utah, and 
Wyoming, with many oil-fields of varying import- 
ance. These are mostly in Cretaceous and Tertiary 
rocks, but the Carboniferous, Triassic, and Jurassic 
systems afford minor yields in places. California 
has in recent years advanced rapidly to the premier 
]x>8ition among the States in the production of 
|>etroleum, e8j>ecially in the southern half of the 
State, including Santa Barbara, Ventura, Los 
Angeles, Fresno, and Kem counties. The produc- 
tive rocks are of Tertiary age. 

On the southern coast of Alaska an oil-field of 
considerable size and promise has been in course of 
development for a few years in the Tertiary area 
eastward of the mouth of Copj)er River. 

British America. The oil-fields of Western 
Ontario were exploited a few years after the 
beginning of the commercial development of the 
petroleum industry in Pennsylvania. . The produc- 
tive rock here is the (’omiferous limestone, a member 
of the Devonian series, not petroliferous to any 
notable extent in the Unitm States. In the 
western provinces, Alberta, Athabasca, and Mac- 
kenzie, the Cretaceous rocks give promise of a vast 
output of petroleum when due means of communica- 
tion and transport are available, but the region 
cannot be classed among productive oil-fields at 
present. There are also some petroliferous deposits 
of I..ower Silurian age on the eastern coast of Quebec 
(GasT)e peninsula), and on the western shores o 
Newfoimdlund. Reference has been made above 
to Trinidad as constituting a link in the chain of 
oil deposits fringing the Gulf of Mexico, The Pitch 
Lake, one of the most popular ” sights ” of the 
island, drew more attention from travellers than 
from men of commerce till within the last twenty 
years, during which the asphalt it yields has been 
more and more extensively raised, and recently 
hopes, apparently well-founded, have been enter- 
tained of supplies of the more deeply-seated 
petroleum, of which the asphalt reprejsents the 
residuum after eva|X)ration of the more volatile 
elements, and alteration of the remainder. Like 
all the petroleum of the Caribbean area, it is of 
IVrtiary age. 
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RuBBia'~The X>il«wells of Baku. The 

petroleum industry of Baku is probably of as great 
antiquity as that of Japan, to be desoriSed presently. 
It is mentioned by many ancient and mediffival 
writers, the discharge of oibgas iq the ancient fire- 
temple of the Guebers at Surakhani having been the 
object of perennial pilgrimages from all parts of the 
East. The Apacheron peninsula, from the natural 
springs in a few square miles of which the Orient 
world was long supplied with petroleum, was Persian 
territory prior to 1723, and is mentioned, under 
various names, as part of that country by the earlier 
writers. degrees other natural outflows were 

noticed in various parts of the Caucasus, but 
there was no systematic production from wells till 
1800, when a monopoly of the trade was granted 
to a merchant of the name of Mirzoeff. It was not, 
however, till the abolition of this monopoly, in 
1872, that extensive and rapid development set 
in. As no other field has yielded such enormous 
volumes of oil, or afforded such magnificent displays, 
cither of oil-fountains or of wells on fire, the follow- 
ing account is quoted from Marvin of the Droojba 
fountain, which in 188.3 discharged 1,600,000 to 
2,000,000 gallons daily, flowing for nearly four 
months before the engineers succeeded in capping 
it (closing the lining pipe) : 

“ The fountain was a splendid spectacle — it was 
the largest ever known in Baku. When the first 
outburst took place, the oil knocked off the roof 
and part of the sides of the derrick ; but there was 
a beam left at the top, against which the oil burst 
with a roar in its upward course, and which served 
in a measure to check its velocity. The derrick itself 
was 70 ft. high, and the oil and the sand, after burst- 
ing through the roof and sides, flowed fully three 
times hij^or, forming a greyish-black fountain, 
the column clearly defined on the southern side, 
but merging in a cloud of spray 30 yd. broad on 
the other. A strong southerly wind enabled us 
to approach within a few yards of the crater on 
the former side, and to loot down into the sandy 
basin formed round about the bottom of the 
derrick, where the oil was bubbling round the 
stalk of the oil-shoot like a geyser. The diameter 
of the tube up which the oil was rushing was 10 in. 
On issuing from this, the fountain formed a clearly 
defined stem about 18 in. thick, and shot up to 
the top of the derrick, where, in striking against 
the beam, which was already worn half through 
by the friction, it got broadened out a littte. 
Thence continuing its course, more than 200 ft. 
high, it curled over and fell in a dense cloud to the 
ground on the north side, forming a sandbank, 
over which the olive-coloured oil ran in innumerable 
channels towards the lakes of petroleum that had 
been formed on the surrounding estates. Now and 
again the sand flowing up with the oil would 
obstruct the pipe, or a stone would clog the course ; 
then the column would sink for a few seconds 
lower than 200 ft., to rise directly afterwards with 
a burst and a roar to 300.” 

A River of Oil* ^'Sorne idea of the mass of 
matter thrown up from the well could bo formed 
(this account continues) by a glance at the damage 
done on the south side in twenty-four hours, a vast 
shoal of sand having been form^ which had buried 
to the roof some magazines and shops, and had 
blocked to the height of 6 or 7 ft. all the neigh- 
bouring derricks within a distance of 50 yd. 
V^ome of the sand and oil had been carried by the 
wind nearly 100 yd. from the fountain. . 
Standing on the top of the sand-shoal, we o^Pa 
see where the oil, after flowing through a score Of 
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channels from the ooze, formed in the distanoa, 
on lower ground, a whole series of oil lakes, some 
broad enough and deep enough to float a boat in. 
Beyond this the oil could be seen flowing away in 
a broad channel towards the sea.” 

Far larger spouters, less graphically described, 
were subsequently produced, one in 1893 exceeding 
48,000,000 gallons daily. Fairly rich fields extend 
through the Daghestan, Terek, and Kuban terri- 
tories on the north flank of the Os>uoaeus, and the 
province of Tiflis on the south, the Grozni district 
(Terek) being especially rich. The Taman and 
Kertch peninsulas, between t\ie Sea of Azoff and 
the Black Sea, constitute the westcim end of this 
prolific belt, which on the further side of the Caspian 
Sea reaches far into Turkestan. The age of the 
productive rocks ranges from Oligocene to Miocene 
in the European portion of the chain, whilst in the 
Uralsk and Ferghana regions the Cretaceous series 
is also contributory. 

Au Atria and Rumania. In these countries 
a practically continuous oil -field extends along the 
outer flanks of the Carpathian Mountains and the 
Tran^lvanian Alps, affording rich yields in Galicia 
and Ku mania, while there are inaications, as yet 
but little developed, on the inner Hungarian side 
of this long curve. I'he minor divisions of tlie 
Galician area have undergone many changes in 
relative commercial importance, the Sloboda- 
Kungurska, Krosno, Gorlice, and Schodnioa districts 
having been at different times the leading centres 
of prcSuction, now quite eclipsed by that of Borys- 
law. The latter was long noted for its rich mines 
of ozokerit,*with little susfucion of the wealth of 
jiotroleum that lay at greater depth. The ozokerit 
occurs in marls of Miocene age, which it traverses 
as plastic veins. The oil is found in the subjacent 
Oligocene conglomerate, to which wells of great 
depth have been carried. The Eocene sandstones 
largely contributed to the earlier production of oil 
in Galicia, and the Neocomian series has also been 
found fairly i)etroliferous in the western districts. 
In Moldavian Rumania the Eocene is again the 
productive scries, while in the Wallachian fields 
the Miocene and Pliocene groups afford copious 
supplies, widely developed. 

Germany and Italy. The chief oil-fields of 
Germany are in Hanover and Elsass. In the latter 
province oil has been raised for some 400 years past 
from the wells of Pochelbronn, Ohlungen, and inter- 
mediate points, the Jx>wer Oligocene marls being 
the source. The principal production of Hanover 
centres around Oolheim and Steinforde, various 
secondary rocks, chiefly Triassic and Neocomian, 
being the source of supply. The wide plains of 
the Luneburgor Heide, covered over by more 
recent deposits, are believed to conceal valuable 
stores of petroleum in the deep-seated members 
of the older roek-serics. The chalk of Holle, in 
Holstein, is reported to be charged with petroleum, 

Oil was raised and used by the Romans from 
wells at Agrigentum (now Girgenti), in Sicily, 
more than 2,0C& years ago. That of Miano, Parma, 
is mentioned a.d 1400. At present the Italian 
industry is confined to production for local use, 
and is limited to the Emilian provinces (Piaoeni^a, 
Parma, Modena, and Bologna), the Abruzzi (Tooco 
and Manopello), and Campania (San Giovanni 
Incarioo). The sources are of Tertiary age, mostly 
Eocene, but newer in some cases. 

Northern Africa and Weatem Aaia. 
In Algeria, 'the oil-fields of the province of Oran ooour 
in Miocene rooks on both aides of the Cheliff valley 
between Orleansville and Mostaganem. Approxi* 



mately, the same age may be assigned to the deposits 
on the Egyptian shore of the Red Sea, at the mouth 
of the Gnlr of Suez, the Arabic name of the hill, 
Jebel 25eit, and the Roman name, Mons Petrolius, 
both connoting the occurrence of mineral oil. In 
Syria, the oil and asphalt of the Dead Sea were 
knom long before the petty “ kings ” of the Vale 
of Siddim met their fate in the “ slime-pits *’ there 
(Gen. xiv., 10), and supplied the bitumen for 
embalming the countless mummies, human and 
other, of Egypt, mum being the Cnptic for bitumen. 
In Mesopotamia, the oil-springs of Hit, on the 
Euphrates, furnished the “ slime ” cementing the 
bricks of the Tower of Babe] and other vast erec- 
tions of antiquity, the ruins of which still provide 
pitch for the gophers (wicker boats j)ayed with 
asphalt) on the Euphrates and Tigris. In Persia, a 
weat extent of oil- bearing territory is yet awaiting 
development, from the Turkish frontier above 
Bagdad, to Bunder Abbas on the Persian Gulf. 

Assam and Burma. Profitable o])erations 
are in progress at but one point in the long belt of 
country constituting the foothills on the southern 
side of the Brahmaputra valley, at many points of 
which occur evidences of jK^troleum. liie field in 
work is at Digboi, a few miles north of the present 
terminus of the Makum branch of the Assam railway 
system. The productive series is a division of the 
Miocene, but .some petroleum has been found in 
the Eocene also. 

The oil industry of Burma dab‘8 from more than a 
century back, having been in vigorous development 
in 1796. The chief source then, as now, was the 
Yenangyaung district, some 276 miles northward of 
Rangoon. Parts of this, and of the Yenangyat field, 
50 miles further north, ore crowded with oil-pita 
sunk by the natives to depths ranging to more than 
300 ft., whence the oil is raised by bailing. Within 
recent yeoia. Western drilling methods have been 
introduced, and far greater depths attained, result- 
ing in many excellent producers, while fresh areas, 
within which oil is accessible by the drill, though 
not by the spade, have been brought to notice by 
special exploration for their discovery. Traces of 
petroleum occur in the Eocene rocks, but the Lower 
Miocene alone yields a supply of commercial value, 
and this division is exposed at frequent intervals 
over on area of many hundred square miles. In 
Cheduba, Ramri, the Baranga, and other islands off 
the Arakan coast, intermittent attempts have been 
made, with poor siicoess, to collect the oil there 
ejected by numerous mud-volcanoes from the 
uptilted and shattered rocks, also of Tertiary age. 

The Eastern Archipelago and Japan. 
In the islands of Sumatra, Java, and Borneo, 
petroleum is raised at many points, from beds of 
presumably the same Upper Tertiary age as those of 
Assam ana Burma. On the north-eastern coast of 
Sumatra, the Langkat fields range to Edi, in the 
Atohin province, and a large area in Palembang 
extends up the Musi to 100 miles westward, and 
80 miles southward of the capital. With the further 
opening up of the east coast, it is probable that 
other felds will be found in the intervening regions. 
In Java, a long stretch of country from Samargan 
.to f?lurabaya and Madura has been found productive, 
and the traces detected in many other provinces may 
eventually extend the industry over a large part of 
the island. In Borneo, again, a belt of petroliferous 
land appears to occupy the northern coast from 
Sarawak to beyond Labuan, and rich fields are in 
work on the eastern coast in Tidung and Kutei 
provinces. The traces of oil alleged to occur on 
Celebes, Ceram, and Hew Guinea, may be mentioned 
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as indicative of the existence of the same productive 
series at those points, but in problematical extent. 
The Philippine Islands are reported as petroliferous 
at many points, and in the Portuguese division of 
Timor petroleum has been found on its sou them coast. 

Petroleum occurs in Japan throughout the 
northern island of Hokkaido or Yezo, and large fields 
have been worked for many centuries in Nippon, 
especially on the western coast. The oil-fields of 
the north-east coast of Sakhalin, not hitherto 
brought into use, are beyond the Japanese frontier 
in that island. 

South America. As was mentioned above in 
connection with the West Indian Islands, rich 
asphalt deposits, with probably stores of unaltered 
petroleum beneath them, protected from e.scape or 
evaporation by the imjicrvious cover of asphalt, 
occupy large areas in Venezuela and Colombia, but 
no extensive industry has yet arisen in the latter 
country. The north-western coast of Peru, from 
the border of Ecuador down to Point Agiijn, a dis- 
tance of about 180 miles, constitutes an oil-field 
of great promise. As in the smaller field of 8anta 
Elena, in Ecuador, the productive series is of lx>wer 
Miocene age, rising in anticlinal flexures through the 
general covering of Upj>er Miocene and Pliocene 
beds. The inland margin is defined by the spurs of 
the Andes, consisting oif various older rocks. In the 
Argentine i)rovince8 of Salta and Jujuy, and the 
adjacent regions of Bolivia, the Neocomian rocks 
are charged with. j)etroleum over wide areas. The 
empire of Brazil seems to possess no petroleum 
deposits, but shales from which a fair yield of oil 
can bo extracted by distillation. 

Oil Shales. Besides the reservoirs of petroleum 
and sheets of asphalt distributed, as we have seen, 
over every part of the world, and in rocks of nearly 
every geological jxjriod, there are de)>osits of shale 
and lighitic coal which, while not containing any 
roady-formed oil, afford by distillation a fair yield of 
various hydrocarbons akin to or identical with the 
natural petroleums. A wide area of such shales 
occurs in the Lothians of Scotland, westward of 
Edinburgh, in the lower part of the Carboniferous 
series, and the coast of Dorsetshire possesses a belt 
of oil shale of Upper Juraasic age. In France, the 
upper part of the Carboniferous series has valuable 
deposits of shale at Autun and Buxi^re, and in 
Southern Spain the Lower Jurassic shales are 

S raetically unworked. In Prussian Saxony, between 
ialle, Leipzic, and Zeitz-on-Elster, is a large area 
of Oligocen© beds with oil-lignites and shales, exten- 
sively worked for paraffin and lubricating oils. In 
Servia, the Lower Miocene oil shales occupy import- 
ant areas near Alexinatz, and in the Kolubara 
valley. In South Africa, the Portuguese territory 
north of Delagoa Bay is reported t(j possess a coast 
belt of Cretaceous shales of considerable width and 
good yield. In New South Wales, the Carboniferous 
series affords valuable oil shales, mfiiexl over a wide 
area. In New Zealand, oil shales of Tertiary age 
occur in Auckland and Otago. L^istly, along the 
coast of Brazil from the mouth of t'le Amazon, for 
more than 1,200 miles to the south, deposits of oil 
shale of Eocene age occur in recesses between the 
spurs of the ancient crystalline rocks. 

Physical Properties of Crude Petro* 
leum. The unusual character of petroleum was the 
subject of much speculative comment by early 
writers on philosopnioal subjeots. Thus Franois 
Bacon in lfi27 described “ the original concretion 
of bitumen ” as a mixture of fiery and watery 
substanoe, and stated that “ flame attracts the bitu- 
men of j^bylon afar off.” Numerous references to 
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the inflammable nature of petroleum were also made 
by the ancient historians. In his Life of Alexander, 
Plutarch describes how, in the district of £cbatana 
(Kerkuk) Alexander was particularly struck with 
“ a gulf of fire, which streamed continuously, as 
from an inexhaustible source. Ho admired also a 
flood of naphtha not far from the gulf, which flowed 
in such abundance that it formed a lake. The 
naphtha in many respects resembles the bitumen, 
but it is much more inflammable. Before any fire 
reaches it, it catches light from a flame at some 
distance, and often kindles all the intermediate air. 
The barbarians, in order to show the king its force 
and the subtilty of its nature, scattered some drops 
of it in the street which led to his lodgings, and 
standing at one end, they applied their torches to 
some of the fiist drops, for it was night. The flame 
communicated itself quicker than thought, and the 
street was instantaneously all on fire. . . . 

Hatchett, writing in 1798, divided bituminous 
substances into naphtha, petroleum, mineral tar, 
mineral pitch, asphaltum, jet, pit coal, bituminous 
wood, turf and peat, and stated that when naphtha^ 
the light, thin, often colourless oil, lost its lighter 
parts by exposure to the air, it yielded petroleum^ 
which on further exposure gave mountain or 
mineral tar. Continued exposure, he added, pro- 
duced mountain or minertU pitoh, which in cold 
weather became brittle, but was soH and somewhat 
tenacious when warm, and by further induration 
(i^iphaltum was produced. 

Crude petroleum varies greatly in appearance, 
some descriptions lading of pale colour and highly 
mobile, while others arc viscid and almost black. 
The prevailing colour of the more fluid kinds 
of crude petroleum is chestnut brown, when 
viewed so that the light passes through the oil, 
but when the light is reflected from the surface of 
the oil the colour a])i)oar8 to.be olive green. An 
important indication of the character of a crude 
petroleum is afforded by its specific gravity ^ which is 
the ratio of the weight of a given bulk to that of an 
equal volume of water at 00 ' F. 

Specific Gravity. The specific gravity 
of crude jxjtroleum ranges from a little under 
0*770 to a little over 1*0; therefore, the lightest 
crude petroleum is about three-fourths the weight 
of water, and the heavie^t about the same weight 
as water, but as it is exceptional to find crude 
petroleum approximating in sj)ecific gravity to the 
Iiigher limit, the general experience is that it freely 
floats on water. When the area of a sheet of water 
on to which petroleum is flowing is sufficiently largo 
in relation to the quantity of oil, the petroleum 
immediately spreads out into an exceedingly thin 
film which, on account of its tenuity, is iridescent, 
or in other words, exhibits the colours of the rain- 
bow, just as a soap-bubble does. This characteristic 
film has often led to the discovery of a valuable 
source of petroleum. Most descriptions of crude 
petroleum employed as a source of the usual com- 
mercial products have specific gravities between 0*8 
and 0*9, but even within these narrower limits the 
specific gravity is a valuable guide to the nature of 
the oil. As a rule, the lighter the oil the larger 
the proportion of kerosene or burning oil obtainable 
from it, and if the stteciflo gravity exceeds 0*9, the 
petroleum will usually be found best suited for use 
as a fuel, or, in some instances, for the manufacture 
of lubricating oils. The flash point of the oil, or the 
temperature at which it gives off inflammable 
vapour when tested in a prescribed manner (to b||g 
hereafter described), also affords an indication 
tho character of the oil. Most crude oils freely 
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evolve inflammable vapour at ordinary tempera- 
tures, but if the oil requires to be heat^ consider- 
ably in order to cause the rapid evolution of vapour, 
it may be safely assumed that it is of little value as 
a source of kerosene, still less of the more volatile 
petroleum spirit used in motor vehicles. The odour 
of the oil is also a feature to be noted, for petroleum 
containing the objectionable impurity sulphur 
usually has an offensive odour, the normal odour of 
petroleum of high quality being not unpleasant. 
Tho temperature at which crude petroleum, which 
is quite fluid when warm, becomes solid on cooling, 
affords an indication of the proportion of solid con- 
stituents present, which can be separated in the 
process of refining as paraffin wax, for candle- 
making. Thus, the crude petroleum of Burma, 
which yields a large percentage of this valuable 
commercial product, is solid at common tempera- 
tures, but becojnes quite fluid on being warmed. 

Chemical Properties of Crude Petro- 
leum. To Hatchett, who has been already re- 
ferred to, belongs the credit of having been among 
the first to form a clear conception of the chemical 
composition of petroleum, for he stated, quite 
correctly, as early as 1798 that “ the elementary 
principles of bittimen are carbon, hydrogen, some- 
times azote (nitrogen), and probably some oxgyen.*’ 
The carbon appears to range between 79*5 and 88*7 
per cent., and the hydrogen between 9*6 and 14*8 
per cent. The pro|X)rtion of nitrogen rarely 
approaches 1 per cent., and is usually very much 
lower than this. Oxygen also occurs only in small 
quantities, usually in the form of an acid. Some 
oils contain as much as 2 per cent, of sulphur, an 
impurity which frequently necessitates the adoption 
of a s|>ecial refining process for its elimination. The 
carbon and hydrogen, of which all descriptions of 
crude |3etroleum are principally composed, occur in 
the form of liquid or solid chemical compounds 
termed hydrocarbons. Of these compounds, a large 
number have been isolated for examination, and it 
has been found that they constitute well-defined 
groups. Thus, the crude petroleum of the United 
Stat^ consists chiefly of a regular series of the 
compounds known ns paraffins, each containing 
twice as many atoms of hydrogen as of carbon, and 
two atoms of hydrogen in addition, while that of 
Russia consists principally of the compounds termed 
naphthenes, in which there are twice os many atoms 
of hydrogen as of carbon. Thus, among tho hydro- 
carbons separated from American petroleum we 
have at one end of the series C„Hi C„Hi 4, CyH, 
etc., and at the other endC^fiHgB, CnoH,,^ ; 

while the hydrocarbons separated from Russian 
petroleum include CaH,,, CyH,4 , ChH,a, etc., up 
to CiaH.,,,. These hydrocarbons exhibit regular 
progression in the boUing point, those with least 
carbon being the most readily volatilised, and those 
with most carbon having the highest boiling points. 
This character enables the petroleum refiner to 
classify the hydrocarbons present by the process 
known as fractional distillation, so as to obtain the 
desired commercial products. 

The Production of Crude Petroleum. 
The operation of obtaining petroleum by tho 
drilling of wells, which is technically termed , 
“ production,” has been systematically conducted 
only during the past half century ; but the collec- 
tion of the oil by the primitive process of skimming 
it from the surface of stagnant water, or bailing it 
from shallow excavations, was practised for ages 
previously, the oil bein^ used as a lubricant for 
cart axles, as a preservative of woodwork, especially 
of boats, and to a smaller extent as a medicinal 



agent. Before the drilling of wells was begun, 
there was an intennediato stage, during which 
petroleum wells were dug in the same fashion as a 
water well, and were commonly lined with wood. 
In some countries, and notably in Burma and 
Rumania, the sinking of such wells was curried out 
with groat ability and success, remarkable depths 
being reached, notwithstanding the difficulty and 
danger of the work, arising from the presence of 
auffocating vapour. 

The £arliest Uses of Petroleum. 

Tho earliest detailed description of the collection 
of petroleum is that given by Herodotus, who 
describes o|)erations which wore carried on at the 
pits of Kir ab ur Susiana (Kirab, 57 miles north- 
west of Shuster, in Persia). 

Marco Polo, writing at the end of the thirteenth 
century, says of the |)etroleum of Baku, on the 
Caspian Sea : “On the confines towards Georgine 
there is a fountain from which oil springs in great 
abundance, inasmuch as a hundred shiploads might 
be taken from it at one time. This oil is not good 
to use with food, but is good to burn, and is also used 
to anoint camels that have the mange. People 
come from vast distances to fetch it, for in all 
countries round there is no other oil.” 

Petroleum in England. There are mtiny 
historical references to the occurrence of j>etroleum 
in England. An interesting case of the sudden 
influx of petroleum into a water well at Ash wick 
C^nrt, near Shepton Mallet, in Somersetshire, in 
the year 1892, was investigated at the time by 
the late Mr. Topley and tho author. The well in 
question, which was the sole source of the water 
supply of the house, yielded for some hours after 
the occurrence of an earthquake shock a considerable 
quantity — stated to amount to several barrels— of 
petroleum. On the other hand, several reported 
(liscovcries of petroleum have undoubtedly been 
explicable on the assumption that the oil had 
leaked from neighbouring petroleum stores. In the 
United Kingdom in recent years small quantities of 
petroleum have been obtained in North Stafford- 
shire and Yorkshire, and during 1905 there was a 
production of 40 tons in Dumbartonshire. 

Modern Drilling Plant. The modem 
appliances most largely used consist of a percussion 
drill, driven bv steam power, by means of which 
the rock is broken up and mixed with water to the 
consistency of mud, the detritus being removed from 
the borehole from time to time by the use of a long 
iron cylinder having a valve at the lower end. To 
a comparatively small extent a system of percussion 
drilling is also employed in which a stream of water 
under nigh pressure is driven through hollow drilling 
rods and issues from orifices in the cutting instru- 
ment or bit, the detritus being thus continuously 
washed out of the borehole. Within tho last few 
years a rotary drill with a circular cutting edge has 
been largely employed in the oil-fields of Texas and 
Louisiana, and is now being tentatively introduced 
elsewhere. 

Cable System. There are several forms of 
percussion drill, chiefly differing in details, but 
there are only two to which it is necessary to direct 
special attention, as it is with these that the greater 
part of the work of drilling for petroleum has been, 
and is being, done. These are the American or cable 
system, in which the drilling tools are suspended by a 
manilla cable, and the Canadian, or rod system, with 
the modification used in Russia, in which tho tools 
are attached to a string of jointed rods of wood or 
iron. The general appliances are substantially 
similar in these two systems, and it will therefore 
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Ruffieo to give a detailed description of the American' 
or cable tools and machinery. 

Oil-well Rig. The illustration shows a simple 
form of the standard rig employed in Ainericjui oil- 
fields. The derrick hs a strong timber structure, usually 
at least 70 ft. in height, and 20 ft. stjuare at the base, 
resting on wooden sills and fixed by means of keys, 
so that it may be readily taken down and set up on a 
new site. To the band-wheel, which is fixed on the 
foundations a short distance from the derrick, 
motion is communicated by means of a belt from 
a horizontal steam engine of 12 to 15 horse-power, 
fitted with reversing gear. While drilling is in pro- 
gress, this band-wheel imparts motion to the walk- 
ing beam, one end of which is immediately above it, 
through the medium of the crank and the wooden 
connecting-rod, or pitman^ the length of stroke being 
adjustable as shown in the illustration. At the 
op})OHite side of the derrick is a strong windlass, 
termed the htiU-whoel, which is driven from the 
band-wheel, when rcquirc*fl to be used, by menns of 
an endless rope. The bull-wheel is provided with a 
powerful brake. A smaller windlass, cnllrd tho mnd- 
pump reel^ is placed so that it can be driven off 
the band-wheel by a friction-pulley, actuated by a 
lever pivoted to the derrick floor. The throttle- valve 
of tho engine is oi^ened or closed by means of 
an endless cord passing into the derrick, the motive 
power being thus under tho eontrol of the driller. 
The drilling tools are attached to an un tarred 
manilla cable, 2 in. in diameter, which is (foiled round 
the bull-wheel shaft and passes thence over a 
pulley at the top of the derrick, but when drilling 
is in ]irogrc8S they are suspended from tlie end of the 
walking-beam over the mouth of tho well, and thus 
have the necessary vertical motion imparted to 
them. The string of drilling tools consists of twb 
parts separated by tho jars, the lower one giving 
the downward blow, and the upper imparting 
an upward stroke, which serves to loosen the bit 
if it has become jammed in tho rock. The lower 

I >ortion consists of the bit, the auger-stem, and the 
o^er half of the jars, while the upper }K)rtion con- 
sists of the upper half of the jars, the sinker- bar, 
and the rope- socket with temi^er-screw. The 
bit is a steel-faced chisel-shajK'd implement, about 
4 in. in thickness and of a width corresponding with 
the desired diameter of the borehole. The auger- 
sWm is a solid rod, about 4 in. in thickness, and 
about 32 ft. in length. Tho jars may be described 
as resembling two long flattened links of a chain. 
The sinker-bar is another solid rod about 12 ft. in 
length. The rope-socket is an arrangement for 
grasping the cable, and the tem|>er-8(‘row is a device 
for gradually lowering tho string of tools as the 
drilling progresses. The various component parte 
of the string of tools are connecUxl by male and 
femalp screws, the collars being squared for the 
application of wrenches. 

Drilling the Well. In beginning a well, 
an ordinary shaft about 8 ft. or 10 ft. sejuare is dog 
to a depth of 10 ft. or 15 ft., and a strong iron pipe 
furnished with a sharp steel shoe is driven down to a 
depth of 200 ft. or 300 ft., or until hard rock is 
encountered. The drilling tools suspended to the 
walking beam are then set to work, and the rock 
is broken up by the successive blows of the bit. 
From time to time the walking beam is disconnected, 
the bull-wheel set in motion, the tools drawn up into 
the derrick, and the detritus removed from the bore- 
hole by means of the sand-pump. This is a long 
iron cylinder, with a valve at the lower end, opening 
inwards. It is suspended from a cord passing over 
a small pulley at the top of the derrick to the 

6011 



Al 


III 


sand- pump reel. On being lowered to the bottom of 
the well, the valve opens, and the cylinder fills with 
the detritus, which has been brought to the con- 
sistency of mud by means of water poured into the 
well as the drilling proceeds. On being raised by 
bringing the friction-pulley into contact with the 
band-wheel, the valve doses, and the contents of 
the cylinder are removed. While the tools are in the 
derrick opportunity is taken to shariien the bit 
if it has b^ome blunted. 

Casing the Well. In some formations the 
drilling cannot be carried far without lining the 
well with iron casing to support the walls, and when 
a water-bearing stratum is perforated it is the 
practice to exclude the water by making a seating 
for this casing on a lower-lying impervious stratum, 
and continuing the drilling with a smaller bit and 
with the use of casing of less diameter, each string 
of casing extending to the surface. Apart from the 
necessity which may thus arise for reducing the 
diameter, it is usually found that when a considerable 
depth has been reached the casing becomes so 
firmly held by the walls of the well that it cannot 
be forced down any further, and a smaller string 
has then to be inserted, with the result that wells of 
a depth of, say, 2,000 ft., or from 2,000 ft. to 3,000 ft. 
may contain, when completed, many strings of 
casing. 

Canadian Syatem. The original Canadian, or 
rod, system differs from the system already dt^scribed 
in the following particulars : 

1. The substitution of wooden boring rods for 
the cable. 

2. The use of an auger in place of the spudding 
bit in beginning the well. 

3. The adoption of a somewhat different arrange- 
ment for transmitting motion. 

4. The employment of a lighter set of drilling 
tools. 

Russian System. In Russia (Baku oil-fields) 
the wells are of large diameter (sometimes as much 
as 36 in. at the top) in order to reduce the risk of 
choking, through masses of rock being driven into 
the bottom of the borehole by gas pressure, and 
to admit of the use of bailers of large size in raising 
the oil, the presence of sand preventing the em- 
ployment of ordinary pumps. The drilling of wells 
of this large diameter is a comparatively slow 
and costly operation, necessitating the adoption of 
heavy tools and strong appliances generally. The 
system of drilling may be described as a modifica- 
tion of the Canadian system in which iron rods are 
substituted for the wooden rods. Owing to their 
large diameter the Russian wells are chiefly lined 
with riveted iron-plate casing instead of with 
the screwed artesian casing used in America. 

Galician Syatem. When the Canadian system 
was introduced into Galicia it was found that con- 
siderable increase in the size and weight of the 
tools was rendered necessary by the greater hardness 
of some of the strata and the depth of the wells, 
but in principle the svstem remained substantially 
the same until recently. Now, however, it has be- 
come customary to employ a combination of the 
rod or pole system with the cable system, owing 
chiefly to further increase in the depth of the 
wells, which renders the time lost in disconnecting 
and re-connecting the screw- jointed polos a serious 
drawback, but in making this change a wire rope 
has been adopted in place of the manilla cable used 
in America. In addition to the ordinary drilling 
tools, an expanding reamer is largely used in Galic^k 
This device is provided with two pivoted wings wr 
dogs, forced outwards by powerful springs, and by 
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means of it the size of the borehole can be increased 
at the bottom so as to admit of the casing deseending 
freely. 

Fishing Tools. In addition to the drilling 
tools employed in the various percussion drilling 
systems, a large number of “ fishing ** tools, many 
of which are of ingenious construction, are needed 
to deal with various mishaps which occur. A 
fracture of the drilling tools or cable or rods is not 
infrequent, or some portion of the string of tools 
may become detached, and in the absence of 
suitable appliances the well might have to be 
abandoned. By means of the fishing tools the 
broken end of a cable or rod can be grasped, or a 
hole drilled in a fractured tool lying at the bottom 
of the borehole and tapped to receive a screw so 
as to admit of its being raised. 

Rotary System. The rotary system of 
drilling, already alluded to as being in use on the 
coastal plain of Texas and elsewhere, is based upon 
that of Fauvelle, which was invented in 1842. 
It is admittedly one of the most rapid and economical 
systems which can be adopted in formations to 
which it is suited, but where very hard rock is 
encountered it is almost useless. It consists 
essentially in the employment of hollow drilling 
rods or casing terminating in a drilling bit, or 
annular cutter, through which a continuous stream 
of water is pumped tinder a pressure ranging from 
40 lb. to 100 lb. y^r square inch. The derrick is 
similar to that which has been described, but it is 
jirovided with a revolving table and gearing for 
rotating it by steam power, by means of which the 
rotation of the casing and bit is effected. The 
drilling tools are supported by a cable which pusses 
from a swivel attached to them through a block 
and fall, and over a pulley at the top of the derrick 
to the hoisting drum. A flexible hose-connection 
is made from the swivel to the water pumps, of. 
which there are two, in order to insure a continuous 
supply of water. The bits commonly employed 
are the fish-tail, the core-barrel, and the adaman- 
tine or shot-drill. The fish-tail bit is used for 
drilling in soft strata, such as sand and clay ; the 
core- barrel bit in harder material, such as very 
compact clay, indurated sand, etc. In hard rock 
these two bits are ineffective, the progress made 
with them being very slow — in some cases only a 
few inches per day. Under these conditions the ada- 
mantine or shot-drill is used, the abrasion of the 
rock being effected by steel shot, which are caused 
to revolve by the action of the bit. The detritus 
is carried continuously to the surface by the current 
of water passing downwards through the hollow 
rods or casing and ascending in the annular space 
outside, and there is thus no need for the periodical 
clearing-out of the borehole by means of a sand- 
pump, as in the ordinary percussion drilling system. 
If a y)orous stratum is met with the water is liable 
to percolate into the rock, and to prevent this the 
water which is being pumi)od in is mixed with 
fine clay or mud, the porous bed being thus cemented 
up. In the Texas fields wells have thus been 
drilled in a couple of months, or even less, to a depth 
of 1,000 ft. to 1,200 ft. As the wells in these fields 
have usually flowed on completion, it has lieen 
usual to fit a gate-valve to the top of the casing 
before drilling into the oil-bearing formation, so 
that the flow of oil may be oontrolled. 

Depth and Coat of Wells. In Penn- 
sylvania the wells range in depth from 300 ft. to 
3,700 ft. Those of average depth cost about 
$3,000, but the deeper ones may cost as much as 
$T,000, In Indiana the depth of the wells ranges 
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from 900 ft. to 1»650 ft., and the cost from $1,200 
to $1,500. The average cost of the Texas wells 
is about $2,000. The deepest we]] in the United 
States is said to be one drilled for water in Connec- 
ticut, which reached a depth of 6,004 ft. with a 
diameter of 6 in. The second deepest was one in 
Pennsylvania, with a depth of 6,675 ft. 


Transport of Crude Petroleum. In 

the days of King Theebaw the produce of the wells 
in Upper Burma was carried in earthenware vessels, 
and in that country the construction of a pipe- 
line to Rangoon is only now (1907) on the eve of 
being begun. For many years past, however, 
the oil has been brought down the river in bulk- 


facilitate the inflow of oil, as much as 100 or even 
sometimes 200 quarts of the explosive being em- 
ployed in the deeper wells. The nitroglycerine is 
carefully lowered into the well in a series of tin 
canisters from 3J in. to 5 in. in diameter and 10 ft. 
in length, the ohar^ being exploded by means of a 
“ go-devil squib ” holding about a quart of nitro- 
glycerine and furnished with a percussion or time 
Tuse. 

Flowing Wells. In some localities a large 
proportion of the wells flow on completion, and not 
infrequently the stream of oil gushes from the 
borehole with almost uncontrollable violence, 
creating a spouter or fountain which may rise in 
the air to a height of 200 ft. or 300 ft. This is 
notably the case in the Baku oil-fields, whore the 
pressure exerted by the oil is said to have 
occasionally amount^ to as much ns 300 lb. per 
square inch. If the well spouts to a great height, 
the oil-spray is liable to be carried by the wind to 
a considerable distance and ignition may occur 
at some boiler-fire, with the result of communicating 
flame to the well. A block of cast iron, about 
4 ft. s(iuare and 6 in. to 8 in. in thickness is, there- 
fore, placed in the derrick at a height of about 
25 ft. above the mouth of the well, and the oil 
playing against this is confined to the immediate 
neighbourhood of the well. As soon as possible 
the oil is led into an excavation in the ground near 
the derrick, but although such a reservoir holds 
from 4,000 tons to 0,0(K) tons, it is quickly filled 
with oil and sand if the fountain is a strong one, 
and the derrick may even be buried in a sandhill 
in a short time. Tn such cases great loss of oil is 
unavoidable. The life of a fountain is very un- 
certain. The violent outburst often lasts only for 
a few days or weeks, but the fountain may continue 
to play for more than a year. When the Baku 
wells do not flow the oil is raised by means of 
bailers, which are long cylinders, similar to the 
sand- pump already described, with a valve at the 
bottom, for ordinary pumps cannot be used, owing 
to the large quantity of sand contained in the oil. 
Compressed air is also to some extent used to force 
the oil to the surface. From the earthen reservoirs 
the oil is pumy>ed into cylindrical steel storage tanks 
after the sand has settled out of it, and is thence 
conveyed by pipe-lines to the refineries. 

Yield of Wells in the United States. 
Although in some of the oil-fields of the United 
States flowing wells yielding very largely are ob- 
tained, the average initial daily production of the 
whole of the productive oil-wells drilled in 1903 in 
the Appalachian oil -field (embracing the producing 
region in New York, Pennsylvania, West Virginia, 
Kentucky, Tennessee, and the south-eastern portion 
of Ohio) was 11*8 barrels per well. The terra initial 
daily production signifies the quantity that any 
new well will produce during the first day after it 
has been completed. 


one oarrei oemg piacoa ra i<ne ouuy oi ww vcsxutJic, 
and a second slung beneath the axle. In the United 
States the oil was at first transported in oak barrels, 
but after a short time bulk- barges, and an early 
form of tank railway-car with two wooden tub- 
like tanks, were employed. In 1871 railway -cars 
with the present form of horizontal cylindrical iron 
or steel tanks were introduced. 

Pipe Lines. The first successful pipe-line in 
the United States was laid in 1865, but it was not 
until 1875 that the construction of the great trunk 
lines was rendered necessary by the transference 
of the refining industry from the neighbourhood 
of the wells to the Atlantic seaboard, and the shores 
of the great lakes. In 1892 the aggregate length of 
the trunk lines (chiefly 6 in. and 8 in. in diameter) 
was nearly 3,000 miles, several of the individual 
lines being from 200 to 400 miles in length. Tn addi- 
tion there was a netw'ork of feeder-lines of smaller 
size, bringing the tobil length of piping u]) to about 
25,()(K) miles. Since that datti the number of lines 
mid their capacity have been very largely increased. 
The trunk pipe-lines are made up in 18-ft. lengths of 
specially made lap- welded iron or steel pipe, tested 
to 2,000 lb. per square inch, connected by long- 
sleeve screwed cou})lings, and are usually laici two or 
three feet l>elow the surface of the ground, with 
bends at intervals to provide for contraction and 
expansion. The oil is forced through the lines 
by specially constructc^d pumps, which keep the 
column of oil in constant motion at a uniform rate of 
about three miles an hour, and in order to keep the 
lines clear of sediment a rotary scra|K»r with radial 
arms, known os a go-deinl^ is from time to time 
forced through with the oil. The lines are worked 
in sections, with a pumping station for each |)ortion. 

Storage of Crude Petroleum. At con- 
venient centres storage installations are erected. 
The tanks employed for this purpose in the United 
States are vertical cylindrical iron or steel tanks 
90 ft. in diameter, and 30 ft. in height, Wding about 
35,000 barrels. The tanks have slightly conical 
roofs covered with sheet iron. 

Natural Gas. In the account already given 
of the geological and geographical distribution of 
]»etroleura a brief allusion was made to the gas 
so largely obtained in some portions of the Appala- 
chian oil-fields. The gas wells are similar to the oil 
wells ; indeed, a well drilled for oil occasionally 
produces gas, and gas wells after a time yield oil. 
The pressure under which the gas is met with may 
be as much as 800 to 900 lb. per square inch, and 
some wells have yielded about 30,000,000 cubic ft. 
daily. The gas is conveyed from the wells to dis- 
tributing stations in pipe-lines similar to those used 
for oil. 

Osokerit. This is one of the solid forms 
of petroleum, and is mined in Galioia by means of 
shafts and galleries, similarly to coal, but excep- 
tionally heavy timWing and efficient ventilation 
are nc^ed. 
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the fire [6]. The object Bought to be secured by this 
form is to make the utmost use of the fuel, which 
directly heats the back and sides, and these in turn 
radiate the heat into the room, and being thick 
retain a considerable amount of iieat after the fire 
has died down ; all such modem grates are more 
efficient and economical than the old ones. Some 
of them have no ironwork at all except the bottom, 
bars. Such grates were first introduced by Dr. Teale. 
The fire in them is sunk below the level of the 
hearth, which is raised above the floor level, and 
access for air is arranged under it by means of an 
opening which can be closed after the fir© is once 
lighted. The interior ^ as it is termed, in which 
the fire is lighted, is of firebrick in one or two pieces 
and the front may be formed of glazed bricks or 
tiles or faience. 

Other fireplaces are formed with but little more 
ironwork ; a metal frame is attached to the front 
of the interior, which includes the front bars to the 
fire, and this form is well jidapted for use with tiled 
jambs and top ; these are finished behind the metal 
frame, which may be ornamental in form and 
often includes an ornamental canopy, fixed or 
movable. Iron, brass, copf)cr, and armour steel 
are used in this work, either alone or in combino- 
tion, an<l around the opening there is added an 
ornamental mantel and. |>crhaps, an overmantel 
which is a purely decorative feature and is regulated 
by taste and means. 

Ventilating Grates. The necessity of an 
ample air supply has already been referred to, and 
some grates arc designed not only to provide for 
this, but to ensure that this air shall oe warmed 
before it enters the room. This is effected by 
forming behind the firebox, or interior, a chamber 
surrounding the back of the fire, into which the 
air is admitted cold from outside and from which 
it may be discharged after it has passed round the 
grate and has l)ecome warmed, into the room. 
Such a grate may be formed with an iron frame 
having projecting gills at the back, whic-h increase 
the radiating surface and assist in warming the air. 
This class of gi'ate is not very extensively used, but 
it avoids the draughts that are inevitable with the 
ordinary grate, unless some special air flue for 
supplying it with air is provided. 

Sums arc not formed open, like a fireplace, but 
have a (basing usually of iron, lined with firebrick. 
The fire is lighted within, and a pipe conveys the 
j^roducts of combustion to a flue. Such a stove 
may stand away from any wall, instead of being 
placed in a recess, so that the heat may be distributed 
in all directions, and the external surface is usually 
]irovided with ribs or gills, to increase the area of 
lieating surface. The fire is entirely enclosed, and 
is not seen, and the air is heated by conduction. 
Such stoves arc not much em^iloyed in this country 
for domestic heating, os they are on many parts of 
the Continent. They are, however, largely used for 
lieating small halls, churches, chn]XJl8, and similar 
buildings. They are, if well constructed, undoubt- 
(‘dly efficient, but if over-heated, the air is apt to 
l>e dried or burnt, and if used for domestic work, 
they do not play the same part as an open grate 
in assisting in the ventilation of the room. 

VentiUUh^ stoves are sometime^ made, and are 
provided with air chambers and flues, so as to 
deliver warmed air into the room, as in the case of a 
ventilating grate. For hospital use, a special form 
of stove has been designed, consisting, in fact, of 
two open fires, placed back to back, so as toJ|i^d 
in the middle of a ward, with chambers and (ffftlets 
for worried air [ 6 ]. From such a stove, an ordinary 
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chimney is not usually taken, as it would occupy 
the centre of the ward, but a flue is taken down to 
the floor level, then horizontally in the thickness 
of the floor to one of the side walls, with proper 
provision for sweeping it, and thence vertically 
above the roof. The fresh air flue is brought in 
the same way to the stove from one of the ex- 
ternal walls. 

lieating Waters In these days a good 
supply of hot water is considered essential, even 
in houses of quite a humble character; this is 
usually arranged in connection with a boiler, heated 
by the kitchen fire, though in larger establishments 
a specially heated boiler is provided for heating 
water only. 

All hot water distribution depends upon the fact 
that when heated the molecules of water expand, 
and become, therefore, lighter, bulk for bulk, than 
other particles at a lower tem]')erature. These 
heavier molecules tend to sink to the bottom o£ any 
vessel in which the water is contained, forcing the 
lighter particles to the top, and in any vessel, 
whether it be a boiler or a pipe, the hottest water is 
near the upper part of it. If a pipe bo inserted in 
the top of a vessel in which water is heated, and 
taken to a height above it, and brought back to the 
top of the vessel, provided the whole is fully charged, 
the hot water will ascend the pipe in one direc- 
tion, and bo returned to the boiler in the other ; 
but with such an arrangement it is imi)ossible to 
foretell in which pipe water will ascend, and in 
which it will descend. If, however, one end of thc^ 
pipe is connected with the iipt)er part of the vessel, 
whore the water is hottest, and the other is connected 
to the lower part, the water will invariably ascend 
by the first and return by the second. This regular 
circulation is an important element in the success 
of such an installation if it is intended to supply 
various fittings with hot water, but it is not a 
difficult matter to secure. Such a pipe, from the 
boiler to its highest point, is termed a flow fi'pe^ 
the remainder of the pipe, till it rejoins the boiler, 
is termed the return' pipe.. It is important in 
arranging any hot water system to pro|>ortion 
the various })arts of the apparatus to each other 
so carefully that they shall be adequate for the 
efficient production of a regular hot water supply. 
Every such system is always fully charged with 
water, and as soon as hot water is drawn from any 
tap, an eijual bulk of cold water flows in to take its 
place. 

Storage of Hot Water. It is also essential 
in any such system to provide some means of storing 
hot water. The boiler, if heated by a kitchen fire, 
is necessarily of small capacity, and if tlie water in 
the boiler and the circulating pijK! Wiis all ^that the 
system contained, it would bo at a very high tem- 
perature, but would be very small in bulk. Such a 
system would very quickly be emptied when water 
was drawn off from any of the taps. In every 
system, therefore, a tank or cylinder, capable of 
holding a considerably larger bulk of water than 
the boiler, must be provided, but the size of this 
receptacle must be properly projiortioned to the 
}»ower of the boiler and the fire that heats it. The 
t;ink when used is usually fixed above the highest 
point at which it is required to draw off water, 
while a cylinder is fixed usually close to the 
boiler itself, and all draw-off taps are taken from 
the flow pipe above the cylinder. 

The tank system [18] is the older form ; its chief 
drawback is that in the event of the cold water 
supply failing, the tank may be completely emptied 
by water being drawn off from tape, so that only 
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the water in the boiler is left. Thin may be quickly 
converted into steam and evaporated, and the 
boiler left empty. Should this occur, the boiler is 
liable to become red hot, and to be damt^ed, and 
if the water supply is resumed while it is in this 
condition, an explosion may occur, owing to the 
sudden generation of steam. 

The Boiler« The general arrangements of 
this system are as follows : the boiler is usually in 
the form of a boot hoUer f8J, or a saddle boiler [ 7 ], 
and is generally of iron, sometimes of copper. It is 
set at the back of the kitchen range. The flow pipe 
is taken from the top of the lx)iler, and it should be 
arranged so that its end does not projcict l>elow the 
internal surface of the boiler ; if it does so project, 
fin air chamber is formed in the top of the boiler, 
which, though it may not interfere with circulation, 
results often in somewhat alarming noises in the 
boiler. The boiler must be provided with a small 
manhole, to facilitate its examination and cleansing 
from time to time, and should have fixed to the 
how piw close to it a safety valve, properly 
weighted, which will allow of any steam generated 
in the boiler blowing off. 

The Circulating Pipe. The size of the 
how pipe will depend upon the number and character 
of the taps that are to be supplied by it. It is taken 
from the boiler by the route that will most easily 
bring it near the various fittings it is intended to* 
serve, to the tank, and must ascend gradually the 
whole of the way ; the inclination need not lx* uni- 
form throughout the length, but should never be 
less than 1 in. in 10 ft., and it is not desirable that 
pipes should be so nearly horizontal as this if it can 
1)0 avoided. The reaso': for this regular rise is to 
allow the air, which is contained in all wtlter, and 
which is driven off when it is heated, a free route of 
escape ; if this is not providefl, the air may collect 
in tnc pipe and imiiede or stop circulation. The 
flow pi]x* may be taken through the bottom of the 
tank and is allowed to stand up in it for a con- 
siderable di.sbmeo, or it may be connected through 
the side at a corresponding level. The reason for 
this is that the cooler water is at the bottom of 
the tank, and this arrangement ensures that 
when a tap is opened, the water drawn from 
it will bo taken from the upper and warmer 
layer of water and not from the bottom of 
the tank, with which the inflowing cold supply 
mingles. 

The re/um pipe is taken from the bottom of this 
tank and is returned by the easiest route to the 
boiler: and, like the flow pipe, this should never be 
quite horizontal, still loss should it dip at any point. 
If it enters the boiler at the top, it must be continued 
inside the boiler, so as to deliver the water netir the 
bottom, or it may be connected to the boiler by a 
side connection low down. The circulation pipe 
should l>e of 1 in. diameter at least, and if the 
cajjucity of the tank exceeds 40 gallons, or if more 
than four fittings arc served, it should bo IJ in., 
and for larger installations even larger. 

Branch Pipes. All branch pipes to apparatus 
such as sinks-, lavatories, baths, etc., are taken from 
the flow pipe, and it is desirable that all such 
branches should be as short as possible, for the water 
iu them does not circulate, and therefore becomes 
cold. When the tap is first opened all the cold water 
standing in the pipe must be drawn off before the 
hot water begins to flow, and it is desirable traduce 
the omoimt of this to a minimum. The usflr sizes 
of branch pipes are, for lavatories, J in . ; for sinks, 
i in. ;* for baths, J in. or 1 in. 
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Cold-water Supply. This is an easential 
feature, and allows of water flowing in from the 
cold-water cistern to replace immediately any drawn 
off from the S 3 mtem when a tap is opened. The 
supply must be arranged so that when water is 
drawn off only hot water flows from the tap as 
long as there is any hot water in the system ; but 
without skilful treatment it may easily happen that 
cold water will find its way to the tap and mingle 
with the hot and reduce its temperature. The hot- 
water tank must be fixed at a lower level than 
the cold cistern, with which it is in many cases 
directlj’^ connected by a pipe ; there is no valve 
between the two systems, but a screw-down stop 
valve may be very usefully inserted to shut off 
the supply in case of repairs. In order to prevent 
any chance of hot water working its way up the 
supply pipe into the cold cistern, this pipe should 
have a dip in it at least 6 in. deep just before it 
enters the tank [12]. It may enter the tank through 
the bottom and be finished with a T-piece to deliver 
the water horizontally, and close to the bottom, 
or it may enter the cistern at the side close to the 
bottem and may then bo prolonged inside the cistern 
and finished with an elbow. The cold-water supply 
pipe should be 1 in. at least, except for quite small 
installations. 

In many cases, the cold-water supply, instead of 
being connected with the tank, is carri^ down and 
joined to the return pipe just before it enters the 
boiler. This avoids the introduction of cold water 
directly into the tank, but it will nevertheless flow 
back to the cistern if a tap is opened to draw off 
any considerable quantity of hot water. In some 
cases a feed cistern [ 13] is provided to supply the hot 
water system only ; this is connected directly with 
the tank and is sn implied by water from the main 
cistern through a ball-valve. This effectually 
revents any return of hot water to the main cistern, 
ut there must be sufficient capacity in the feed 
cistern above the cold-water line to accommodate 
the increase of bulk due to heating the water. 

Expansion Pipe. From the top of the tank 
a pijm is taken of the same diameter as the flow pipe, 
and it is continued upwards to a point not less than 
2 ft. above the cold-water cistern ; in cases where 
the boiler is 60 ft. or more below the cistern, this 
height mav be incresed to 3 ft. and in either case 
the end of the pipe is bent downwards over the 
cistern. This pipe serves a double purpose — that 
of an expansion pipe to allow of the escape of water, 
and that of a vent pipe to allow of the escape of air. 
The expansion of water, when heated, has already 
been referred to, and in such a domestic e 
may amount to from 2J per cent, to 3 po* i 
of the original bulk ; if the system is charged wjwi 
cold water and heat is applied, expansion will at 
once begin, and if no outlet is provided, at some point 
it would force an outlet for itself. The water as it 
expands rises in the expansion pipe and eventually 
overflows into the cold-water cistern so that no waste 
of water occurs, and this continues till the water 
has reached its maximum bulk ; normally the water 
stands in this pi^ at the same level as in the cistern. 
This pipe, which is taken from the highest point 
of the tank, forms also a means of escape for any 
air that may collect in it, and if care has fcen taken 
to give all pipes throughout the system at least 
a slight rise, any air given off in the boiler or 
elsewhere will find its way to the tank and thence 
escape by the vent. 

The Cylinder Syetem. In this system [11] 
the vessel for storing hot water is placed near the 
boiler, and is, therefore, owing to the head of water, 



subjected to a much greater pressure than the tank 
at the high level ; the cylindrical form is therefore 
selected on account of its strongtli. The pressure 
exerted in any case may be calculated by allowing 
1 lb. of pressure for every 2 ft. 4 in. of vertical height. 
The boiler is similar to that used in the tank system, 
and it is connected to the cylinder with a flow and 
return pipe ; the flow pipe should be connected with 
the cylinder at a point about two-thirds or three- 
quarters of its height from the bottom, and, if con- 
nected at a lower level, should have an internal 
ipe added to deliver the water heated by the 
oiler at this high level. The return to the boiler 
is taken from the bottom of the cylinder to the lower 

E art of the boiler. The cold-water supply may be 
rought down and connected to the lower level of 
the cylinder in the same way as is described for the 
tank, or it may be connected to the return pipe ; it 
should be of ample size, or the flow of water from 
the draw-off taps, especially those at a high level, 
may be checked. A full-way stop valve should be 
provided in this pipe near the cylinder to facilitate 
repairs, but there is no other form of valve used. 
So far, this arrangement corresponds with that of the 
tank system, except that in this case the boiler and 
cylinder are very close together ; but no draw-off 
tap is taken from the flow pii>e between the boiler 
and the cylinder. A draw-off cock should, however, 
be fixed at the lowest point of the return pipe 
just before it enters the boiler, or in the boiler 
itself, to facilitate emptying the cylinder and 
boiler should examination or repairs be required ; 
this should be fitted with a loose handle which 
is kept separate from it to ensure that it is used 
for no other purpose. 

Secondary Circulation. In order to 
provide the necessary service to the various fittings, 
a secondary circulation is fitted up from the cylinder ; 
the flow pipe is taken off the top of the cylinder and 
is carried up as high as may be necessary to serve 
the highest fitting in the building to which hot 
water must be taken. From its highest point the 
return pii)e descends to the cylinder and is comiected 
it at a level above that at which the main flow 
pipe from the boiler delivers hot water into the 
cylinder ; this arrangement secures that only the 
hottest water in the cylinder is circulated through 
this pipe. Though the terms /low and return tiro 
applied to this secondary circulation, draw-off 
taps may bo taken from any point in the circuit, 
as there is no cold water connection with any part 
of it. The expansion pipe is taken from the highest 
point in this secondary circulation to a level above 
the cold-water cistern, and arranged so ns to deliver 
into it as described for the tank system. As the 
whole of the taps are connected to the secondary 
circulation which is above the cylinder, it is im- 
possible that the latter can ever be accidentally 
emptied. 

Conserving the Heat. The efficiency 
of the system may be considerably increased by 
surrounding the cylinder, and, when possible, the 
main pipes, with some non-conducting substance ; 
for the cylinder a thick layer of silicate cotton may 
be employed, kept in position by laggings of wood 
closely fitted and bound with iron or brass bands, 
which form a very neat finish. For the pipes, if 
these are run in pipe casings, they may sometimes 
be packed in the same manner, or they may bo 
wrapj)ed round with asbestos sheeting ; either 
Thaterial prevents the cooling of the pipes to a very 
great extent and tends to maintain the temperature 
of the water with but little loss. 
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Cy Under Tank System. This system is 
sometimes adopted, especially in large installa- 
tions, and is essentially the same as the cylinder 
system, with the addition of a storage tank at a 
level above the highest draw-off. The advantage of 
this combination is that with a large body of hot 
water above the highest tap, there is no danger of 
the water flowing sluggishly from any of the taps, 
as happens sometimes in upper floors in the cylinder 
system ; while at the same time there is not the 
risk ordinarily attending the use of a tank, as the 
cylinder below renders it impossible tn empty the 
system. But if a large body of water is to be heated 
and stored, a powerful boiler will be required, and 
with this system an independent boiler is often useful. 

We have considered in some detail the methods of 
heating ordinary domestic buildings, including the 
hot-water supply, and must now consider the 
simpler means of ventilating such buildings, re- 
ferring afterwards in more general terms to the 
more complicated systems in use in larger structures. 

Obiect of Ventilation. The essence of 
successful ventilation is the frequent changing of 
the air within any building without producing the 
sensation of movement in the air — that is to say, 
any perceptible draught. The necessity for ven- 
tilation is due to the fact that, as the result of 
respiration, and also of combustion, carbonic acid 
gas is producetl ; if this is present in considerable 
quantities it acts very deleteriously on the health, 
producing a sense of discomfort with headache, 
nervous depression, and liability to disease. Some 
of this gas is present in the purest air, but normally 
it does not exceed 4 cubic ft. in 10,000 cubic ft., 
or 0*4 cubic ft. per 1,000 ; if the proportion present 
is increased to that of 6 cubic ft. per 10,000 cubic ft, 
or 0*6 cubic ft. i)er 1,000 cubic ft, discomfort at 
once begins. An adult j)erson exhales os much as 
0*6 cubic ft. of this gas every hour, and if in violent 
exercise even more ; if placed in a room 10 ft square 
and 10 ft high — that is, containing 1,000 cubic ft 
of pure air — such an adult would in twenty minute.s 
exhale enough carbonic acid gas to raise the total 
amount present in the air to 0*6 cubic ft, and if this 
air were not changed and he continued to breathe 
it, in a very short time it would become so seriously 
vitiated as to be unsuited to support life. If, how- 
ever, during the first twenty minutes the whole 
of the air can be withdrawn and a fresh supply 
introduced, no such ill -effects will result. This 
may seem at first a large amount of air to circulate, 
but a single aperture measuring 5 in. by 1 2 in. would 
allow this volume of air to enter within this period 
with a velocity not exceeding 2 ft. per second, and, 
under such conditions, no draught would be felt 
It will be seen, therefore, that in a room of this sis^ 
occupied by a single adult, it would be necessary 
to completely change the air three times every 
hour to prevent it from becoming j^erceptibly 
vitiated, and that, if there was no other means of 
changing the air, this could be done by means of an 
inlet ana an outlet suitably placed, neither of which 
need exceed 60 sq. in. in superficies. If two adults 
were occupying the same room, twice the supply 
of air would be required per hour, and so on in pro- 
portion ; the amount of air required per hour is 
fairly constant, but the numl)er of times the air 
in any given room must be changed per hovir will- 
depend upon its cubical capacity in relation to the 
number of persons w^ho make use of it. 

Fireplaces as Ventilators. In most 
living rooms the existence of a fireplace ensures that 
there shall be a permanent outlet to the room. When 
a fire is burning in a grate this induces a constant 
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withdrawal of air from the room, which is ))aflHed up 
the chimney, and which nmoimts to from 3 to 0, or 
even more, cubic ft. per second, or from 200 to 
400 cubi ’ ft. per minute. When no fire is burning in 
the grate, a current of air inay» neverthele.sK, be set 
up in the flue, owing to the difference in teinT>erature 
l)etween the air in the room and the external air, 
which will suffice, in many cases, to keep the 
atmosphere adequately changed. It is, therefore, 
very undesirable, in the case of a register grate, to 
close the register when the fire is not in use, or, 
in any other way, to out off the flue from the room. 

Use of Pervious Materials. Wc^ have 
assumed hitherto that the room was hermetically 
closed except for the special oj^enings for ventilation, 
but in practice this is not, as a rule, the case. 
Most of the materials used in building arc |}erviouH 
to air, and wlien the internal ttmijMirature is higher 
than the external, quite a considerable a mount of air 
)uay be drawn in through the walls, partitions, and 
ceilings. In the case of an unplastcrcd brick wall, 
this may amount to as much as 7 (iubi.r ft. of air ]Ter 
hour for every yard 8iij>erfieial, when the internal 
temperature is only 1° F. above that of the air outaidc. 
Plaster is somewhat less |)ervious to air, and W'all- 
]»a])er less i^rmeable again, but both allow a very 
considerable amount of air to pass. If the bricks 
used have n. glazed surface, or if a vertical course of 
a.s])halt is fixed in the wall, or if the paper, after 
hanging, is varnished, the access of air through 
the |K>rtions thus dealt with is practically stopped. 

Natural and ArtiHcial Systems. Venti> 
lation systems may be divided into two main 
classes — natural lyentUnii'in an! artificial vvnlila- 
Hon. In the latter some mechanical power or 
RjKH'ially.arranged heating aj)paratii8 is employed to 
create a movement of air, which is either forced in or 
drawn out through speeial channels. Natural venti- 
lation endeavours to make use of the natural laws 
governing the movement of gases, and to set up and 
maintain a current of air that will serve to ventilate 
the building or room to be dealt with. The following 
points must be noted in relation to this system. 
Air. like water, expands when heated, and any given 
, hulk of heatexl air will weigh less than the same bulk 
of air at p lower tem|)crature, and will tend to rise 
above it if the opportunity be given for it to do so. 
Any body of air that is withdrawn from any space 
by such action is immediately replaced by an equal 
bulk of air from some other soim^e, but air cannot 
1)0 introduced by natural means into any given 
8j)ace until room is thus provided for it ; when it 
enters, however, it will invariably do so by the 
easiest route. If a current of air has once been set 
in motion in a given direction, it will continue to 
move in the same direction till forcibly turned aside. 

Under most conditions in this country — at least, for 
the greater part of the year — the temperature within 
a domestic building is usually higher than that 
of the external air. Even when fires are not in 
general use, the presence of at least a kitchen fire, 
hot- water service, and of human beings, tends to 
raise the temperature of the air within the building, 
and the air in any room heated by respiration or 
combustion tends to rise to the upper part of the 
room : it will, if it can, escape thence to the upper 
part of the building, and, as already explained, 
cooler air will at once take its place. 

If an upward current of air can be established 
in such a vertical pipe as a chimney-flue, the ten- 
dency will be for it to continue. Such a oament 
is at once set up when a fire is lighted, but ma^R set 
up under other conditions. The difference between 
external and internal temjwatures will ‘ often 
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suffice to set up a current of air in such a flue, and 
any such tendency will bo reinforced if, for examj»le, 
the flue in question is close to another belonging to a 
fireplace in which a tire is actually burning ;• but 
it is, on the other hand, impassible to ensure that a 
flue which, under certain conditions, acts as an 
extract may not, under different conditions, act 
as an inlet. 

With a fire burning in a ^ate the current created 
is sufficient to ensure the efficient ventilation of any 
ordinary room provided with a suitable inlet such as 
is afforded, for example, by a ventilating grate ; and 
at those j>eriods of the year when fires are no long€‘r 
employed the atmospheric conditions generally 
allow of ventilation by perflation l)eing freely adopted. 

Perflation. Perflation^ when possible, is an 
entirely efficient system of ventilating^, it con- 
sists in providing, in suitable positions, in a room 
or building a series of* o|)enings of large area, 
usually windows and doors, and allowing the 
air from outside to pass freely through them. 
But in this climate such a system cannot be 
adopted in all conditions of the weather, thoug’i 
it may often be employed as a useful auxiliary. 
This is especially the ease in buildings which are in- 
termittently of^cupied by considerable numbers of 
])oo 7 )lc — for oxani|)lc, school buildings, in which chil- 
dren are, with a view to proper teaching, necessarily 
collected together in class rooms. In such a room 
a very powerful artificial system of ventilation would 
he required to keep it perfectly sweet and free 
from vit'ated air ; but in many cases the cost of sut'h 
a system is prohibitive, and less costly and less effi- 
cient expedients have to be resorted to. In such 
cases, the fact that classes are changed }>eriodically 
}iermits of ventilation by ]>erflation being utili.ca 
for a short ))eriod at fairly frequent intervals. 

In a gre^it many cases, little or no attention is 
given to the ventilation of rooms in private houses, 
except thost* of a somewhat sujrerior class. For- 
tunately, most bylaws require every habitable 
room to l)e provided with a fireplace and flue, and 
an outlet is thus secured, and, as alre.idy explained, 
the action of the fire will ensure air Ireing passed 
up the chimney from the room, which must Ire re- 
placed from some external source. A great step 
in advance is made when the source from which 
the air is to he supplied is definitely considered 
and arranged for. Such care not only tends to 
prevent the existence of draughts in the rpom, 
us already pointed out, but should ensure that the 
air is supplied from the best and purest source 
available. 

Ventilating-saah Windows. It is not 

always necessary to provide special, openings for 
this purpose, as many modern sash windows are 
constructed to act as ventilating inlets, and answer 
admirably, if suitably placed. This is done by 
making the bottom rail of the bottom sash of extra 
depth, and providing a deep bead above the sill in the 
inside f 14 ]. The lower sash of such a window may be 
raised two or three in -jhes without being lifted above 
this bead, so that air is not admitt^ at the sill 
level ; but the top rail of the lower sash will 
be raised, and an opening formed at this point 
between the lower and upper sash at which air can 
freely enter, which will be delivered in the room 
at a considerable height, generally above the level 
of the heads of the occupants. Such an arrange- 
ment will have less tendency to produce a percept- 
ible draught than having the window closed, and 
letting air force its way in between the sashes and the 
frame, for it is important to remember that the larger 
the opening the lower will be the velocity with which 
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any given volume of air will pass through it in a given 
time. When, however, there is a considerable 
difference between the internal and external tem- 
perature, if cold air is admitted it is almost im- 
possible even with this ariangemont to avoid the 
sensation of draught. 

Special Ventilating Openings. Tf win- 
dows are not made use of, special inlets may bo mode 
in the external walls, and j’^’^vided with fixed 
gratings externally, and with some form of mov- 
able grating or valve internally. Such an o^wning 
should not pass straight through the wall from 
its outer to its inner face, but should be bent 
upwards in the thickness of the wall. 

The external gratings may be of iron or terra- 
cotta, and are intended to prevent birds nesting in 
the openings. The internal surface of the flue itself 
should be smooth, without sharp angles, and may 
be formed in Portland cement and sand, trowelled, 
or may be lined with a metal tube. The internal 
grating may be what is termed a hit and-misH 
grating fl6J, which consists of two metal plates 
perforate in identical manner, which allows the 
])R88age of air through both sets of openings when 
they correspond in position ; but when one of them 
is shifted sideways the solid parts of one grating lie 
over the openings of the otlier, and either wholly 
or partially check the passage of air. Many forms 
of valved gratings arc emidoyed ; in some a kind 
of hopi)er head is allowed to fall forward when 
air is to be admitted, and is raised again when it 
IS to Iks closed [16]. In others a diaphragm is 
fixed on a ])ivot, which can be turned so as to 
open or close the passage as desired. 

Tobin Tubes. Another form of inlet is the 
apx>axatus known as a Tobin tube [18]; this consists 
of a short vertical tube, generally about 0 to 7 ft. 
high, which may readily be inserted in an existing 
building. It is usually formed of wood, and, if 
so, must be well framed and glued up, so that tho 
joints are perfectly air-tight ; it may have a metal 
lining, which is generally of zinc. The horizontal 
sectional area will vary according to the cubical 
capacity of the room to be ventilated ; but the sec- 
tional area of the tube, or, if there are several in one 
room, their united area, should be calculated so as 
to give, at the very least, 25 sq. in. for every 
1,000 cubic ft, of air ay)ace. The lower end is 
connected with the external air, and }>rotected by a 
grating. Such tubes may sometimes be usefully 
placed against an internal wall when an air trunk 
can be token under the floor or in its thickness to 
such a position ; the upper end is usually open, 
but covered with a fine grating, and tho air is 
delivered with an upward tendency. Such a tube 
may be fitted with a diaphragm in its course, so 
that the opening may bo either closed or wholly or 
partially opened. 

Positions of Ventilating Openings. 

There is much difference of opinion as to the best 
positions for inlets and outlets, but the general 
tendency is to place the inlets high up on the wall 
and the outlets low down, so that noxious gases, as 
they are produced, do not ascend and collect near the 
ceiling level, but are withdrawn from the lower parts 
of the room. It is often advocated that the two 
openings should be at different levels in the same 
side of the room, and that this arrangement tends to 
promote the most complete circulation of air ; while 
others advocate placing inlets and outlets in opposite 
walls. Much will depend on whether there is only 
one inlet or outlet in a room, or if there be more 
than one ; in the latter case, it should be possible 
to avoid any stagnation of air in any part of the 


room when the inlets and outlets are placed in oppo- 
site walls. 

An outlet is not infrequently formed into the 
smoke flue of a fireplace, near tho ceiling level, 
which must be proviaed with a mica valve, similar 
to that used in a fresh-air inlet. This will allow air 
to pass through it from the room into the flue, 
but will prevent air and smoke passing into the 
room from the flue. 

Ventilating gas burners have been much employed 
for certain classes of buildings, and less frequently 
for private houses. In these the heat generated by 
the combustion of the gas is taken advantage of 
to create a current of air in a specially arranged 
outlet tube, which will carry off the vitiated and 
heated air that will collect in the upj)er part of a 
room when no other means of ventilation are pro- 
vided. 

Ventilating Domestic Offices. Before 
leaving the subject of natural ventilation, it is neces- 
sary to point out that it is necessary to ventilate 
not only rooms used by human beings, but rooms 
used for preparing and storing human food, and 
rooms which contain sanitary conveniences. In the 
ctise of the latter, it is very undesirable that air 
should be drawn from them into other parts of the 
building, though this is usually diflioiilt to prevent. 
Such chambers arc rarely heated, and tend to form 
a source from which cold air may retidily be drawn, 
as in many cases some yjermanent opening direct to 
the external air is insist^ upon. Where such cham- 
bers are heated, they should be kept at a higher 
temperature than that of adjoining passages and 
rooms, the result of which will bo that any move- 
ment of air that takes place will be into the chamber 
rather than out of it. 

Prewention of Stagnation. Ventilation 
must also bo provided in all positions in which air 
would tend to oecome stagnant, especially if there is, 
at the same time,- any tondency to moisture and 
heat. In the case of a store-room or cui)board having 
no external window it often suffices to bore two 
sets of holes, about 2 in. in diameter, one sot near 
the top of the door and the other a few inches above 
the floor level. 

The space under the lowest floor of a building, if tho 
floor is not laid solidly on concrete, is a position in 
which the importance of ventilation is paramount. 
If none is provided, the air becomes stagnant, and the 
timbers are liable to decay from the attack of fungous 
growths, and from dry rot. It is, therefore, essential 
that openings bo provided in external walls [17], 
and in any cross walls such as will allow of a free 
circulation of air under all parts of such a floor. 
Further, as already iwflnted out [on page 2200], 
it is impoitant that all hollow spaces formed when 
walls are built in two thicknesses, and when dry 
areas are provided, should be efficiently ventilated. 

The system of natural ventilation lias been 
described in some detail, as it is the method em- 
ployed in the large majority of buildings in which 
any attention is paid to the subject. The more com- 
plete systems of artificial ventilation will be briefly 
described in tho latter part of this article, after the 
various methods of heating on a large scale have 
been referred to. In both these cases, however, the 
work is, as a rule, executed by special workmen, 
under tho direction of expert engineers, and this 
article will not attempt to deal with this part of 
the subject in the same detail as has been be- 
stowed on the similar systems, the execution of 
which very usually forms part of tho ordinary 
building contract, and is executed by the general 
contractor and bis workmen. 
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General Systems of Heating. lu those 
buildings in which for any reason the system of 
heating by stoves or grates is not suit>able, some 
general system of warming the whole building from 
a common source is usualw adopted. It is possible 
to employ for this purpose hot water a-t low pressure, 
hot water at high pressi^re, steam, or hot air. 

l«OW«preMure Hot Water. In its essential 
features this system of heating [19] resembles very 
closely the system already described for heating hot 
water fosr domestic purposes. There is a boiler to neat 
the water, and a system of pipes through which it 
circulates, and a tank, not, in this case, closed, but 
open. The object to he attained in such a system is, 
however, quite different from that aim^ at in 
arranging a hot-water supply, and the system is 
consequently modified. It is no longer required to 
provide a large body of hot water and to conserve 
its heat, so that it may be drawn out from the system 
hot; but, on the contrary, it is desired to heat 
the smallest amount of water that is adequate, to 
circulate it rapidly, and to disperse the heat through 
the building. The flow and return pipes are, there- 
fore, often made large (3 in. or 4 in. in diameter), and 
the storage tank is arranged so that when the water 
is cold there is only some 2 in. or 3 in. of water in it. 
It is, however, large enough to hold the additional 
bulk of water that is creafi^ when the watc^r in the 
system is expanded by heating, and which may 
amount to al)out 4 per cent, of the original bulk, for 
water in a heating system is rust-stained, and 
cannot lie returned to the cold-water cistern ; if 
discharged into the open air by an overflow pipe, 
there would be sensible loss every time the water 
was heated. There is, on the other hand, very lit^e 
waste of water, and a small cold-water service may 
be used. The supply is regulated by ball valves fixed 
near the bottom of the tank. 

Pipes, CoUa, and Radiators. Care must 
be taken to give a slight rise at least through- 
out the lengtli of the pipes, but there is not the 
same amount of air given off from the water after 
the first heating as occurs in a hot- water service, 
as in this case only a very small amount of fresh 
water is introduced into the system after it is onc<5 
charged. The pipes themselves in some installations 
form the heating surface, and may be laid in t enches 
below the floor or fixed above floor level ; and they 
may, if necessary, be arranged in two or thret? rows 
to form coils ; but where additional heating surface 
is required it is more usual in these days to employ 
radiators (19J. which are e qually efficient and less 
clumsy in apj)earan(!e. In some cases radiators alone 
are relied on for providing heating surfaces, and the 
circulating pii>e8 are kept as small as circumstances 
permit, and are wrapped round with some non- 
conducting material, so as to keep in their heat. 

A radiator is formed of cast iron, and consists of 
two ends with intermediate sections, of which any 
reasonable number may be employed, so that the 
size and heating ix)wer of the radiator may be 
exactly proportioned. The whole set of sections are 
held together by rods passing through them, which 
can be tightly screwed up. Each radiator is pro- 
vided with a small air vent to assist in filling it, 
and for the csca}K> of any air should it accumulate 
in the radiator. Each radiator is connected with 
the flow and return pipe, and these connections 
should not be so short or rigid as to bo seriously 
affected by slight alteration in the position of their 
connection with the main flow and return, such as 
may result from expansion and contraction i|g||ese 
long pipes. Every radiator should be provideowith 
a stoj^ock, which will allow of its being shut off from 
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the circulation without interfering with any other. 
The area of heating surface to be j)rovided by this 
system usually varies from 11 to 20 superficial ft, 
for every 1,000 cubic ft of air to bo warmed. 

AdvantagM and Drawbaclia. low- 
pressure hot water is a pleasant form of heat^g. 
&e surfaces are never so hot as to bum the hit, * 
and coils or radiators may be easily orranfl^ for at 
ccmsiderable distances from the boiler. The cost of 
installation is, however, hi^, owin^ to the lai^ 
size of the pipes, or the large heating surface re- 
quired in radiators. If instalM in a building vhkdi 
is only used intermittently, such as a ohurch or 
chapel, there is a grave risk in a severe frost that if 
water is left in system, the pipes or radiators, 
and even the boil^, may be burst if the water in 
them freezes. 

Medium and Hlgh-preesure Syeteme. 

These differ in many respects in principle, as well 
as in the details of their arrangement, from the low- 
pressure system. The great advantages are the 
comparative cheapness of the first cost, and tlie 
facility with which the pipes can be carried to 
different parts of a building, largely owing to tlieir 
small size ; but the heating surface is liable to be 
raised to a high temperature, and the air may be 
burnt and rendered very dry. 

The system is not an open one, but is absolutely 
closed, and its successful application is due to the 
circulation of a very small oody of water at a very 
high temperature. This is rendered possible by the 
fact that water, though it normally boils at 212^ F. 
at the sea-level, will boil at a much lower temperature 
at a higher level when the atmospheric pressure is 
reduced, and, on the other hand, if the pressure is 
increased, it may be raised to a very much greater 
temperature without boiling. In this system the 
expansion pipe is closed ; the air contains in it is, 
therefore, compressed, as the water expands when 
heated, and exerts a pressure on the water. It 
is possible, indeed, in some installations to raise 
the temperature of the water os high as 600^ F., 
and many installations are tested upon completion 
under hydraulic pressure up to 1,800 lb. or 2,0^ lb. 
jH- square inch. 

Arrangement of Pipes. The pipes used 
are usually -I in. internal diameter, with J in. 
thickness of metal, and have a line thread at each 
end, one right hand, the other left hand. They are 
jointed by means of special socket pieces, also pro- 
vided with corresponding threads, and are screwed 
up till the end of one pipe, which is cut with an 
annular chisel edge, is actually embedded in the 
flat end of the next pipe 1 22]. Both these ends must be 
perfectly tnie and square, and no jointing material 
is used. The installation, whatever its size, consists 
of a single endless pijie, made up, of course, of many 
lengths jointed together. A certain proportion of 
this is formed into a coil in the furnace, the remainder 
leing taken through the building. In travelling 
through a very long pipe, the water might lose 
most of its heat ; where the installation is a large 
one, therefore, it may be divided up into distinct 
sections. The pipe, when it has travelled through 
the first section, is returned to the furnace, and an 
additional length added to the coil ; it is again taken 
off through another section of the building, and 
again returned as often as may be necessary, but 
without any break in the continuity of the pipe. 
A pumping valve is provided near the coil, by 
which the system is filled, and between the highest 
point and the expansion tvbe [ 20 ] a filling cap is pro- 
vided for replenishing any waste of water, which, 
notwithstanding the closed circuit, is bound to occur. 



BxpanaiDA Tube. The apparatus is filled with 
water to the level of the filling cap ; the expansion 
tube, which is carefully regulated in siae to that of 
the system, is filled with air, which, when the water 
is cold, is at normal pressure. When the water is 
heat^, it expands and partially fills the expansion 
tube,' necessarily compressing the air contained 
within it. The amount of this pressure cannot be 
exactly regnlated, as it depends on the temperature 
ol the water, the bulk which is inoream with 
the temperature, with the result that the air 
premre is also increased. Where it is desired to 
limit the pressure definitely, and, consequently, the 
temperati^ the expansion tube is replaced by a 
special inlet and outlet valve placed in a cold-water 
cistern [21]. The outlet of this valve is closed by a 
dead weight, which may be regulated to produce 
any desi^ pressure in the system, but if this is 
exceeded, it acts as a safety valve, is lifted, and allows 
a little water to issue till the pressure is reduced. 
The inlet is closed by the internal pressure, but as 
the pleasure is reclucod the water contracts in 
cooling, the inlet opens and allows water to enter 
and replenish the system. 

The proportion of the pipe included in the coil 
varies with the temperature desired, but is usually 
from one- twelfth to one- tenth the total length of 
pipe, and the cubical capacity of the expansion tube 
usually equals from one-ninth to one-eighth of that 
of the whole of the p.'pes. The coil is usually sur- 
rounded by a furnace built in firebrick, to contain 
the fire which heats the coil. This is constructed so 
as to heat the whole of the coil thoroughly. 

Steam Heating* /Steam heating may be 
advantageously used in buildings in which steam 
is required for other purposes. This system of 
heating is usually carried out by means of a main 
circulating pipe from which branches arc t-aken 
to steam coils suitably placed for this purpose. 
One of the difficulties in the application of 
steam lies in the fact that as heat is given off 
by the radiators the steam is partially reconverted 
into water. It is necessary to arrange for the 
return of this water to the boiler, and to do so in 
such a way that it will not interfere with the 
passage of the steam through the pipes. The main 
circulating pipe is accordingly taken to its 
hfghest point directly it leaves the top of the 
steam boiler, and falls again thence towards the 
boiler, to which it is connected below the water- 
level. It should have a minimum inclination of 
1 in. in 20 ft. In this manner the water flows in 
the pipe in the same direction as the steam travels, 
and does not, therefore, check its circulation. In 
branch pipes to the radiators, which usually ascend 
from the top of the main pipe, the inclination 
should be greater, at least 1 in. in 3 ft., as in this 
case the water for the short length must flow in a 
direction opposite to that of the steam, and the pipe 
should be of large diameter. 

The radiators are very similar in appearance to 
those used for hot water, and must be provided with 
a stopcock to out them off from the circulation ; but 
the admission of steam to individual coils cannot be 
regulated, it must bo either full on or quite cut 
oft. Every radiator must be provided with an air 
vent, as steam cannot enter till any air present is 
expelled. This is usually fixed at a point about one- 
third up the radiator, and should be automatic in its 
action, allowing air to escape when the system is 
cold and steam is first turned on, and when the 
steam is turned off, permitting air to re-enter the 
system to fill the vacuum due to the condensation of 
the steam. This is secured by using a special valve 
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[28], which may be closed by the expansion of a 
short rod constructed of a material having a high 
coefficient of expansion, which will be acted upon 
as soon as the steam reaches it. 

Dips may occur in the circulating pipe, provided 
that a drip pipe — that is, a pipe of small diameter 
— is taken from the lowest part of the dip to take off 
any water that may condense and collect there, and 
convey it to the return pipe. But it must enter 
this pipe at a point below the water level in the 
boiler, for, if it ^were connected above Uiis level, 
steam might find its way up the pipe and interfere 
with the proper circulation. 

Heating by Hot Air. For certain classes of 
buildings this form of apparatus is specially advan- 
tegeous, as it cannot lie attacked by frost. It is edso 
inexpensive in first cost, and may be worked eco- 
nomically. The air is, however, delivered at a rather 
high temperature, and is apt to be perceptible as a 
current of heated air. 1 he flues distributing the air 
must have a rather rapid rise, and cannot be carried 
to any neat disbmee from the furnace. There is 
some li^ility also for the air to be unduly dried. 
This may, however, be corrected by some suitable 
arrangement for keeping the warmed air moist. 

The apparatus consists of a powerful stove, in 
which the fire is lighted ; the stove is of iron, pro- 
vided with radiating gills, and is erected in a chamber 
proportioned in size to the power of the furnace. In 
this chamber the air is heated by the stove, which 
must be Iwlow- the level of the apartment to be 
heated. From the top of the heating chamber a flue, 
or flues, are taken to deliver air into the hall or 
room, and those may deliver the heated air at the 
floor level, as is usually done in churches and chapels, 
or from openings in the walls at a higher level. 
Extract flues from the room ore brought back to the 
lower part of the chamber, and in this way the air 
of the apartment is circulated through the heating 
chamber, and the temperature is gradually raised. 
There is also a connection by means of an air duct 
with the external air, so that fresh air may be intro- 
duced into the heating chain l)er, warmed, and passed 
into the building when desired. The circulation of 
air is generally employed, while the temperature of 
a building is being gradually raised, before it is 
occupied by an audience or congregation ; but 
when the apartment is occupied, circulation of the 
air is not desirable, and the fresh air supply is brought 
into requisition. Some suitable arrangement should 
be provided for withdrawing the vitiated air at such 
times, and for this purjwse an extract flue with an 
electrically -driven fan may often be employed. 

Artificial Ventilation. Artificial ventUa- 
tkm makes use of some special force to create 
the necessary movement which will change the 
air either in a largo chamber or a building in 
which a large number of smaller rooms have to be 
dealt with. In either case there must be several 
inlets and outlets, and the whole of the outlets must 
bo connected up, so as to be brought under the in- 
fluence of the force employed, ana the inlets must 
be similarly dealt with if the air is to be forced in. 
This is done by a series of channels or ducts, formed 
in brickwork or concrete, or in wood or metaL 
Whatever materials are used must be impervious 
to air, or practically so. In the case of wood ducts 
the joints must be grooved, tongued, and glued up, 
and they are often entirely covered with canvas glued 
on and afterwards painted ; the internal sunace 
must be smooth, ana all changes of direction made 
by easy bends. It is also important that at all points 
the sectional area of the duct shall be exactly propor- 
tioned to the amount of work required of it at that 
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point, 80 that the duct, whore it is remote from the 
central force and is required to convey Uie air from 
a single room, is small in area, and is increased witli 
every additional branch flue that is brought into it 
All these flues should be contrived so as to be 
accessible for cleaning. 

The Force Employed. The main duets 
run nearly horizontally, and in many cases several 
such duota from different sections of the building 
are made to converge at the point where the force is 
applied. This force may lo that of heat, produced 
by a powerful gas ring in a small instillation, or 
by a furnace or coil of hot water or steam pip<58. 
When any form of heat is employed, a vertical 
shaft or chimney must be provide to produce 
a proper draught. 

In other cases mechanical power is utilised to drive 
a fan which shall extract tiie air by means of the 
ducts or force it into the building by a similar set of 
ducts. Such a fan may be driven by steam power 
if it is available, or by an electric motor, and when 
used to extract the air, should deliver it into a 
short, vertical shaft terminating with o}>en louvres 
on all sides ; it should not deliver the air horizon- 
tally, in any position where it may be directly 
acted upon by wind pressure. Such an extract fan 
may usefully cunployod in combination with a 
hot-air heating apparatus, as already described. 

For jnany installations it is considered advan- 
tageous to force the air into a building instead of 
withdrawing it, and sometimes it is both introduced 
and withdrawn by mechanical power. The advan- 
tages of forcing the air in is that it is possible to 
select the source from which it is taken, and before 
introducing it to cleanse and purify the air by passing 
it through fibrous screens, which filter it and remove 
all the most noxious particles it contains. It is also 
possible to regulate its temperature with very great 
exactness by passing it through a carefully arranged 
heating chamber before it is introduced into the 
building and distributed to various apartments. 
The details of such a scheme necessarily vary with 
the circumstances of each case, and, as already 
pointed out, the planning, and, to some extent, 
the execution, of elaborate systems both of heating 
and ventilation are in the hands of sfHJcialists ; but, 
at the same time, any such system entails much 
work in the way of preparation and fixing, that 
comes under the builder’s control and management, 
and which some knowledge of tlie general system 
to be used may do much to facilitate. 

LIGHTING 

The adequate lighting of all parts of a building 
is. a matter of the utmost importance to its com- 
fortable use. The lighting by day is secured by the 
provision of o])cnings of sufficient size and suitably 
pbveed to admit daylight to all x^arts, and the success 
of this treatment will somewhat dex>end on the 
adequacy of the areas from which light is derived. 
In towns these are to some extent regulated by 
Building Acts or Bye-laws, which regulate the height 
of buildings in streets of various widths, and the 
extent of ofien space that must be pi*ovided in the 
i*car of such buildings. These regulations are mainly 
directed to the xjro vision of sx^aecs not wholly 
inadequate, into which the windows for lighting 
various rooms may ox^en, and from which both 
light and air may bo obtained. In many cases 
Regulations are also made as to the size of internal 
courts provided as areas for light. In thecae of 
Loudon, in buildings erected in newly laid-cii|pitrcets, 
the provisions are intended to secure that If a line 
is drawn from the ground level of a building on one 
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side of a street to the eaves or parai) 0 t of the 
opxKisite building, the angle it makes with the 
horizon shall not exceed 45 \ In the case of a 
window obtaining light from a court the line drawn 
from the sill to the oaves o:; parax^et of the opposite 
wail must not make a greater angle than 62^®, 
and in the case of the oj)Cu aioa at the back, while 
the angle varies somewhat according to the actual 
height, the conditions secured arc rather better 
than those in an internal court. These ai^e general 
mies, modified in the case of buildings irregular in 
plan, and in the case of buildiuijs laid out in old 
streets or replacing older buildings destroyed or 
taken down. All such provisions must be carefully 
observed, and rex^resent the minimum requirements 
for towns, and, wherever possible, more favourable 
conditions should be providiMl. In x^artioular, an 
effort should be made to secure that in a domestic 
building every habitable room should receive at some 
time in the day not merely daylight but sunshine, 
which is of the utmost imxwrtanco from the ]K)int 
of view of health. Darkness, as well as stagnation of 
air, favours the development of many noxious germs, 
and it is imijortant, therefore, that not only the 
habitable rooms, but the corridors, staircases, and 
the various offices of such buildings should lie 
adequately lighted in every x^aft. In many build- 
ings the conditions governing the place may make 
it difficult or even inixiossible to x>rovide for the 
complete lighting of every part : but it is a con- 
summation to be aimed at and apx>roached as 
nearly as may be. 

Artificial Lighting. Under the conditions 
of modem civilisation it is absolutely essential, in 
addition to securing an ade<xnate provision of 
daylight, to iirovide some means of artificial 
illumination, by means of which the various oecu- 
imtions of life may bo continued after daylight has 
failcil. At no time has the means of doing so been 
so complete and efficient as at the present day. 
Immense strides have been made within the last 
thirty years, due to the introduction of electricity as 
an illiiminant suitable for domestic lighting. Not 
only is the light itself admirable from many points 
of view, but it has stimulated the inventive X)Owers 
of those interested in gas lighting, and led indirectly 
to great imxirovements in this branch of lighting also. 

It is not necessary to do more than refer to the 
older forms of illuminant — candles and oil lamps — as 
they do not involve any special preparation in the 
course of the construction of a building, and, in its 
finishing, only require the provision in some cases 
of suibible brackets or holders for the lights. Bui 
it mav bo x>ointed out that lamps certainly have 
shared in the general improvement, and that both 
candles and lamps are in many respects pleasant 
forms of illumination, and must, even in these days, 
be relied ux>on by a very large class of househoWer 
— by those who live in districts not served by any 
l^ublio gas or electric company, and whose require- 
ments are not sufficient to warrant the establish- 
ment of a generating x>l^nt for either of these 
illuminants. 

The drawbaiiks to their use are mainly expense 
and the trouble of daily attention, and the risk of 
damage to cari)et8, furniture, etc., often due to 
carrying about such movable lights. Such means 
of illumination are, however, sometimes used to 
supplement both gas and electric light installations, 
which are not always carried into every part of a 
building. 

In the case of buildings situated so that there is 
no public supply of gas or electricity available, it is 
possible, if the circumstances warrant the outlay, 



to establish a private generating station for cither 
gas or electricity, but it is not possible to deal in this 
article with the details of suen installations. It is. 
however, comparatively rare to find private installa- 
tions for generating coal gas. Such an apparatus 
requires skilled attention, and it would be possible 
to supply gas economically only in the case of a 
large mansion. 

Acetylene Gas* Acetylcna gas is another 
form of iliuminant that in recent years has come 
largely into use for such moderate installations ; 
it gives an exceedingly good lights and is, as 
a rule, less expensive than a gas installation. 
For an equal amount of illumination the cost is 
iisunlly estimated as equivalent to that of gas 
supplied at from 3s, to 3s. fid. per 1,000 cubic ft. 
The principal drawback to its use is tlu* extremel3" 
unpleasant odour that is apparent if the combustion 
is not absolutely complete. 

The great advantage of such an installation is 
that it does not require any constant or highly- 
skilled attention, but may be operated by a gardener, 
and will not at the outside take more than a few 
minutes’ attention daily. The gns is ])roduced by 
the combination of calcium carbide and water. 
Acetylene gas is produced, and lime is left as a 
residue, and this material is suited for the ordinary 
purposes of a pure lime. The carbide has great 
affinity for moisture, and is delivered in sealed metal 
drums ; it must be kept in airtight vessels till used, 
or it will absorb moisture from the air. and give off 
its gas. It is necessary to obtain a licence to store 
carbide in quantities exceeding 5 lb., and such a 
licence should be procured from the local authority, 
who examine the store before the plant is fixed. 
Tlio gas is very inflammable, and may be ignited by 
any glowing substance, such as tobacco in a lighted 
pipe, and no form of naked light should ever l>e 
introduced into the building containing the plant. 

The plant includes a generahr. In this the car- 
bide is brought into contact with the w^ater either 
by dropping it in by hand from time to time, which 
is suitable where the plant is large enough to allow of 
constant attention during operation, or an auto- 
matic apparatus is provided for regulating the flow 
of water over fixed trays of carbide. The gas, when 
liberated, passes out of the generator into a washer 
filled with water, which is regularly changed, and 
which cools the gas and removes soluble impurities. 
The gas passes thence into an adjustable gasholder, 
which forms a store, but which, with an automatic 
generator, is not necessarily of so great a caj>aeity 
as to contain even one day’s supply owing to the 
facility with which gas is generated. The gas is 
further purified on leaving the holder, the object 
being to remove gaseous impurities, and especially 
phosphuretted hydrogen ; this is accomplished by 
passing it through a substenco known ns yxiratylene, 
and from this chamber the supply pipe to the house 
is taken. A governor to i*egiilate the pressure, which 
is otherwise variable, is usefully added, and the 
pij)© first descends to a low level, from which it 
may rise regularly to the house. At the lowest level 
a small tube or container is fixerl to catch any water 
flowing back from the service pijie, with a tap by 
which it may be emptied. The supply pipe is usually 
iron, and copper must not be usecl for supply pifws 
or in fittings when it will come in contact with the 
gas. 

Service Pipes. The service pipes are arranged 
as for ordinary gas supply as already described 
[page 5707], but tlie consumption of gas is very 
much less, and somewhat smaller pipes may bo 
employed Great care is required in making all 
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joints so as to prevent any escape of tlie gfis, which 
has a sickly, unpleasant smell, and is, ns already 
stated, highly inflammable. It is usually best to 
employ steam piping rather than ordinary gas 
piping, and to see that the screwed joints are sound 
and made with the smallest possible amount of 
white lead, as joints that would be perfectly tight 
when ordinary coal gas is employed will i^ermit the 
cscaj)e of acetylene. 

Acetylene Gas Fittings. The fittings 
used with acetylene gas may be high-class gns fit- 
tings or s]^cial fittings, the 'im}K)rtant po nt being 
to ensure absolute soundness in the joints ami cocks 
to prevent the smallest escape of gas. The burners 
are of sjKjcial form. The holes for delivering gas 
are very minute, and are arranged so that the gas 
jets from two holes impinge and produce a flat 
flame ; the burners arc arranged on the Bunsen 
system, so that atmospheric air is mixed with the gas 
before cmiibiisiion, and tlin most recent form of 
burner, introduced by Messrs. Bray Cp., over- 
comes a difficulty encountered with most older 
firms. This was that when a gas flame was turned 
down the burner W’^as apt to become carbonised, 
so that it was difficult to use a burner except at 
full power. 

The most usual sizes of burners are the following : 

Burner consuming J cubic ft. per hour, giving a 
light of fi*2 candles. 

Burner consuming I cubic ft. per hour, giving a 
light of 17*5 candles. 

Burner consuming cubic ft. per hour, giving a 
light of 35 candles. 

Hydrogen Gas Fittings. The fittings used 
for ordinary coal or hydrogen gas w^ere briefly re- 
ferred to in the article on gasfitting [page 5797]. 
It is y)erhap8, hardly necessary to ywint out that so 
far as the form of the fitting and its artistic treat- 
ment is concerned there is room for almost infinite 
variety, and such matters are regulated by indi- 
vidual taste, the money available, and the character 
of the building in which they arc to be placed. 
But whether the fitting be a bracket or a pendant, 
fixed or movable, of iron, brass, or copper, plain 
or elaborate, its main purpose is to provide at 
a suitable point in some room or hall a burner 
which will supply gas at a i>oint where illumination 
is required. Tlie number and di8i)osition of lights, 
whatever the iliuminant, requires careful consiaera- 
tion, and depends greatly on the u^o to be made of 
the particular chamber. The following table gives 
the appropriate amount of lighting that is usually 
considered requisite for various classes of building, 
but this is subject to variation in individual cases, 
and, in particular, if the height of the fitting is varied 
from the normal f)osition. 

This is a matter of considerable importance, for 
it must be remcm leered that the illuminating power 
of liny iliuminant as affecting any object varies, 
not according to the distance that separates them, 
but according to the square of the distance, and if, 
therefore, lights arc fixed at an unusually high 
level, they must be much more powerful to produce 
the same effect at the floor level. 

Table showing light required for various purposes : 

Per 1 ,000 sq. ft. area. 

County district roads J candle power 

Towns (urban) 4 ,, 

Cities and boroughs 10 „ 

Dwelling houses (principal room) 250 „ 

CJottages (principal room) . , ..150 „ 

Hospitals 50 to 100 „ 

Schools 300 

Churches and chapels . • . . 300 „ 
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Gas Burners. The ordinary gas burner is for equal illumination there is, in spite of this 

arranged so as to produce a flat flame : the orifice outlay, a very great economy in the use of incan- 

is formed in a very refractory substance, steatite, descent lighting, as compared with other forms, 

moimted in a bratss holder provided with a screw accomj)anied by a more complete gas consumption, 

by which it can be attached to any form of bracket An inverted incandescent burner may now be 
or pendant. The commonest form is known as obtained in which all the metal parts of the fitting 
a heU's wing burner, and is formed with a thin slit are above the mantle which, therefore, throws no 

in a cone-like termination from which the gas issues ; shadow on a table over which it is placed, and in 

the dit union is somewhat similar, but the termina- this respect attains one of the great advantages 

tion is spherical. The union jet has two small circular secured by most electric lamps. 

I)erforations from which the jets impinge and form Electric Lighting. Electricity has been 
a flat, slightly cup-shaia?d flame. None of these brought into service as an illuminant, competing 

ordinary forms of burners secure the complete with gas, and has many advantages to recom- 

combustion of the gas or the highest amount of mend it, esjiecialJy for domestic lighting, in which 

illumination from that which is consumed, and incandescent lamps are almost invariably em- 

they require fairly frequent renewal in order to ployed. Some of the principal of these are the great 

got satisfactory results ; but they are in all cases facility with which it is used, the light being turned 

inexpensive and easily fixed and renewed by the on and off by the movement of a switch, which 

householder himself, without calling in the gasfitter. greatly conducc‘8 to the economical use of the 

Such burners are usually protected by glass or china light ; the absence of heat and all products of corn- 
globes, and if placed within 3 ft. of a ceiling or bustion, which in the case of all forms of gas lighting 

of any woodwork there should be a talc top fixed contribute to the vitiation of the atmosphere of 

over the globe, or a glass or metal bell fixed over rooms, the gradual destruction of decorations, and 

the light. In public institutions the flame is the blackening of ceilings ; the safety from fire 

often protected by a wire globe secured to the where the installation is well-executed, and which 

fitting, and this is a very useful precaution in the is effected by the absence of all unprotected lights 

case of any swing bracket which might be swung and the absenc^e of all use of mutches for lighting, 

into contact with any inflammable material. To set against this is the increased cost of electri- 

Improved Burners. An improvement on city over gns for an equal amount of lighting, but 

the simple burner is one fitted with an economiser, this is a matter that dei)ends very much upon the 

which is really a second burner of greater capacity, way in which the installation is planned out and used. 

plac(>d over the inner one, producing a larger flame Very great economies may result from the careful 

without a greater supply of gas, and securing more arrangement of fittings and proper provisions for 

complete combustion. Other burners are fitted turning on and off the Tights in a group separately or 

with some arrangement of governor, by which the in small groups. It should also be borne in mind that 

pressure at the burner is regulated, though the while the cost per candle-power is higher in the case of 

pressure in the service pij)e is subject to flue- electricity, as compared with gas, it does not follow 

tuation ; there are several varieties of such burners that the cost per fitting is correspondingly as high, at 

on the market. The Argand burner is one arranged any rate when comparison is made wit h an ordinary 

to produce a circular flame similar to that produced gas burner, as a very much more brilliant light is 

from the circular wick of an oil lamp ; the burner often obtained for which a higher price may pro- 
fs circular in form with an air space in the centre, t>erly be expected. When the great saving in the 

and a series of small apertures are formed from cost of redecorating work is taken into account, and 

which the gas issues, so that a ring of flame is pro- a little care is taken not to bum light wastefully, 

duced ; air has acc;eas to the middle part of the it is found in many cases that the cost of lighting 

flame, which is enclosed with a glass chimney, a house throughout with electricity is not very 

the diameter of which is considerably larger than greatly above that of lighting it by gas. Electricity 

that of the flame. is more readily produced than coal gas in small 

Incandescent Burners. The most strik- quantities, and is eminently suited for private 

ing innovation in the use of gas in recent years installations of moderate shse, but the attention 

has been the introduction of what are known as of a skilled mechanic is necessary, so that it is not 

incafidescent burners, which have, to a great extent, adapted for work of a very small character, 

revolutionised gas lighting. In these burners Wiring Buildings. Into the details of the 
gas is no longer used as the illuminant, but is system of wiring buildings it is out of placje to enter 

employed as a heating agent to raise another here, as it is w'ork executed by specially trained work- 

material to an incandescent condition, producing men, and is not carried out by the builder or his staff ; 

a very powerful light, and when used in this way but it is desirable to point out that in the case of anew 

the gas may be mixed with atmospheric air, as in an building, when it is desired that the wires should be 

ordinary Bunsen burner, and used to the greatest buried in the plaster, the special tul^s of steel which 

advantage, with the approximate result that with are used for this purpose, and which are provided with 

a reduction of 60 per cent, in gas consumption the suitable junctions and access points, should be fixed, 

illuminating power is doubled. The best known if possible, before the plasterer's work is executed, 

form of burner for the domestic purpose is the Weis- If the wiring is to be carried on the surface of the 
bach C. burner ; this consists of a burner producing walls in wood cases hardly any preparation for the 
a hot flame of the character describe which electrician can be made by the builder, but he 

impinges on a mantle which is suspended directly must attend upon him, and out away plaster, and 

over it, and which is heated and maintained by the other work where necessary, and make good, 
flame in an incandescent condition, producing a Electric light fittings show an equal variety in form, 
brilliant, illuminating siufooe. The mantles are design, and cost, as do those for gas, and in the 

impregnated with thorium, and are somewhat majority of cases these are fixed to wood plates or 

delicate, and their life is uncertain ; the burner is . roses secured to walls and ceilings or to wood plugs 

also somewhat expensive in the first case, and the j|(|iboncealed, and afterwards covered with metal or 
maintenance of mantles is a considerable item, but ^^earthenware roses or covers. 

Continued 
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fitting of the plate. The latter is now carefully filed 
to the shape and size indicated on the plaster model. 

As a result of the heating and striking of 
the plate between the dies and counter-dios, the 
gold will be seen to have lost its lustre, and must bo 
freed from the particles of baser inotal which have 
adhered to it. This object is attained by warming 
the gold and placing it in a bowl containing hydro- 
chloric acid, which effectually dissolves and com bines 
chemically with the zinc, tin, or lead particles, 
while leaving the gold uninjured. If it has been 
decided to employ clasps for the purpose of support- 
ing the plate and teeth 

attached in the mouth, ^ 

these should now be made. Uk 

A clasp is a narrow band 

of plate gold, 16 carats ^ ® 

fine, and of No. 8 gauge, 
or a length of gold wire, 
which should embrace a 
part of the circumference 
of the natural tooth to 
which it is to hold the 
plate in position. Cold so 
temperc(I and hammered 
as to be springy should be 
employed, and the band 
should clasp the tooth at 
its widest part. It is of 
so much importance that 
the clasp should fit the 
natural tooth closely and 
accurately that it is better j 

to obtain a x)attern in 

sheet-lead in the manner 8 . DKN'i 

described above, and to shears. b. Plate i 

use this as a guide in cutting 

the gold plate to the size required for the cla8|>. 
In this nijuiner also unnecessary waste of metal 
will Ihj avoided. The piece of gold of the re- 
quired size is then l^ent to fit closely round 
the tooth. The bending is effected by means of 
small pliers, of which a variety should be kejit, 
some having flat jaw^s, some with one jaw rounded, 
some with both jaws rounded and having a conical 
shape [9]. The clasps having been placed in position 
on the teeth of the model, the metal jdate is then 
fitted to them by filing the |>late away where it 
imxiingcs upon the clasps until it only just touches 
the latter when accurately in position. With a 
drop of wax the bands are then attached to the 
plate, and we may proceed to make this attach* 
mont permanent by soldering. 

Soldering* Solder for dental purposes is 
on alloy of gold, prepared by mixing the latter with 
silver and brass in varying xiroportions. It is 
emx)loyed in many of the processes of dental 
mechanics, the purity of the alloy varying in 
accordance with the purpose for which it is used ; 
but, seeing that in every case the object is to attach 
two pieces of metal together, it is obvious that a 
solder whose melting-point is lower than that of 
either of the metals or alloys to be united should 
always be employed. Thol plate and bands being 
composed of 18 and 16 carats gold, it will be best to 
. use solder w’hich is 14 carats; for, although an expert 
in the use of the blowpipe is capable of uniting 
alloys of the same degree of purity, there is always 
a serious risk of melting the band or plate rather 
than the solder unless the latter melts at a heat 
distinctly less than the melting-point of the nlate. 
A suitable solder for the pur]K>8e can be maae by 
fusing together 24 parts of gold 18 carats fine, 2.^ 
parts of coin silver, and 3^ parts of brass pins. 
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In order to keep the clasps closely opposed, and 
in their right relation, to the plate, it is necessary to 
surround them with an investing material, which, 
unlike the wax employed temporarily, is not 
affected by the heat requisite for soldering. Some 
fine sand and plaster of Paris, in the proportion of 
two of the former to one of the latter, is mixed, 
with a little water in the manner described for 
casting models in plaster. Some of this is placed 
upon ttic work- bench, and the plate, with its clasps 
attached with wax, gently pressed into it, so that 
the investing material, being carried up the outer 
^ side of the cilasps, may hold 
lA iA them firmly in position 

/BHl mtk Ml when the sand and plaster 

shall have set. 

m 0k 0k The plaster having set, 

_ a little boiling water is^ 

tRft poured upon the wax to 

\ iWf aotach it from its position ; 

1 I J WM ml exposed points of the 

ml clasp which it is important 
wjmjml not to cover with solder, 

^ which are in danger of 

Wk/w c being melted, are painted 

IsliKk with whiting; and the sur* 

faces wnich are to be united 
I ^m are painted with a little 

f borax and water, which 

mm will act as a flux and thus 

mm encourage the solder to 

MB flow to the prox)er places. 

BB MB The piece of work is then 

placed upon a suitable wire 

PAL TOOLS iramo and suspended over 

Qippei'M. c, Perforators the flame of a small gas 

stove or burner [10]. Slowly 
. heated in this way the uncombined water of the in- 
ve.sting material is gradually driven off in the form 
of steam, and thus prepared, the work may be safely 
subjected to the fiercer heat of the blowpipe. 

To be able to solder successfully with the blow- 
pipe is a somewhat difficult accomplishment, and 
the young mechanic will find that ho acquires the 
necessary skill only as the result of long practice. 
The use of the blowpipe plays, however, so largo 
a part in his work that it is of great importance 
that he should make himself acquainted both with 
the principles which govern the process and the 
practical methods of its use. The blowpipe, then, 
serves a double purpose in that, in the first place, 
it enables us to ensure a more rapid and comifieto 
combustion of the coal-gas employed, owing to the 
stream of air which becomes mixed with the gas ; 
and, in the second place, it enables us to direct 
and confine the heat to any small area as may bo 
desirable. The first advantage puts at our disposal 
a fiercer heat than can be obtained with a simple 
gas jet or Bunsen burner, while the second enables 
iis to bring about the melting of the solder, and, 
since properly flowing solder will always run to the 
hottest x^ointa, to carry the solder to the points 
where it is required. 

The Modern Blowpipe. It is becoming 
more and more common to employ the ingenious 
mechanical blowpix)cs controlled by taps and 
supplied with air by means of the foot-bellows. 
These possess certain advantages over the earlier 
methods as well as being much easier to use ; but it 
is important that the young mechanic should 
Require skill in the use of the mouth blowpix)e, as 
not only provides a more thorough training in the 
soldering process, but also renders him independent 
of the mechanical blowpix)e, which may not alwa 3 rs 


be available. The mouth blowpipe is a siiiix^le pipe 
of brass with tinned .ends gradually tapering towards 
its point, two inches from which it is bent into a 
gentle curve, while the end which is to be taken 
into the mouth should be coated with sealing-wax. 
A stream of air can thus be directed against the 
flame of a small gaa jet, and a slender and f>ointed 
blue flame played upon the metal where necessary. 
To give the best results, the stream of air should 
be continuous, and much practice is in some cases 
necessary before the mechanic can acquire the habit 
of taking breath in by the nostrils while the chocks 
are constantly forcing the air through the pipe. 

The Blowpipe at WorR. Whether the 
niouth blowpipe or one of the mechanical forms 
referred to be einjiloyed, the method of pro- 
cedure is essentially the same. Small pieces of 
solder coated with borax are placed by means of 
line tweezers u}>on the parts to be united, and the 
flame of the blowpipe allowed to raise the heat 
equally throughout. The flame is then directed 
to the particular points to be soldered, and at first 
most intensely upon the solder itself. When this 
is seen to melt, it may be, as it were, drawn by the 
flame to its j^roper place, and the flame then 
suddenly witJidrawii. The work is now drop^ied 
into jj basin to cool it, the investing material 
removed, and the plate, with its clasps attached, 
cleansed once more with hydrochloric acid. 

At this stage the .plate should be tried in the 
patient’s mouth in order to ascertain whether it 
fits accurately, and whether the clasps have been 
attached in propt*r i^osition. At the same time 
the dentist ascertains what is to be the relation 
of the jaws to each other ; this process is known 
ns “ taking the bite," and will be described at 
greater length in due course. 

The dentist at the same 
time selects artificial teeth 
suitable to the case, and 
indicates upon the model 
the line w'hich corresponds 
to the middle of the face, 
as a guide to the mechanic 
when he sets up the arti- 
ficial teeth. In the work- 
room the next ste]) consists 
of fitting the teeth to the 
plaster model and backing 
the teeth. 

Backing the Teeth. 

To effect this, a piece of 
gold plate 18 carats fine 
and of No. r» or 0 gauge is 
taken and perforated in two 
places by means of a 
specially designed pair of 
X)erforators (8] in such a 
way that the two pins of 
the artificial teeth can be 
passed through the plate so 
that the latter may lie 
flat upon the back of the 
tooth. In this position the outline of the tooth is 
marked upon the gold by moans of a sharpqwinted 
steel instrument, and the piece of gold corresijonding 
to these marks carefully cut out with the shears. 
This piece of gold, which is called the baching^ is 
then carefully fitted to the tooth with fine files, 
so as just to reach the edge of the tooth on all sides, 
and the edges of the backing neatly bevelled with a 
file so as to leave the work nicely finished off. 
The platinum pins are then either bent over or 
cut short and riveted— that is to say, the points 
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flattened out over the gold — either method resulting 
in .securing the backing to the |X)rcelain tooth. 

The teeth backed in this way are now accurately 
fitted to the model, and the gold plate filed away 
to accommodate the teeth until the backing and 
nlate just touch when the teeth are in position. 
They are then secured to the ])late with a little wax, 
and the work again tried in the mouth to see 
whether the teeth are in proper line and position. 
Thus connected, the work is again invested, the 
second investment, being brought up over the 
€‘X]X)sed parts of the porcelain teeth, but leaving 
the backing accessible to the flame. 

When the investment has set and the wax has 
been removed with boiling water, the work should 
be very gently heated ov(*r the gas-burner, and the 
needful parts painted with borax and covered with 
solder, which is then melted with the blowpipe. 
The greatest care htis to l)e exercised in order to 
avoid rapid heating or cooling, or strongly heating 
any part before the whole of the work is thoroughly 
heated, or the intrusion of any dust or dirt, since 
any such accident as these is likely to result in the 
cracking of one or more of the delicate porcelain 
teeth. The six or eight anterior teeth may bo 
treated in this manner, but for the back of the 
mouth broad, flat- topped teeth should be used, 
attached by one or other of two methods. 

Obtaining a Good ‘‘Articulation.** The 
first method consists of the employment of specially 
pre])arod solid porcelain teeth, which are perforated 
in the middle by a canallined with platinum. These 
teeth are fitted down to the plate by grinding them 
on the lathe, the canal being slipped over a stout 
gold post, which is secured to the plate with solder. 
The other method (ionsists in th'' attachment of 
shallow porcelain teeth 
with two outer surfaces 
only [7J by means ,of vul- 
canite. Whichever method 
be adopted, the broad chew- 
ing surfaces of the teeth 
should be made to corre- 
s{X)nd to and fit accurately 
against the teeth of the 
opposing jaw. This process 
is described as obtaining 
a good “articulation." The 
actual work having been 
completed, it remains only 
to smooth and finish the 
cases HO as to render thorn 
agreeable and non- irritating 
to the mouth. This is done 
by the sufoessive use first 
of files, beginning with a 
fairly rough one and passing 
to smoother as the worker 
progresses, then of sand- 
])aper, coarse and fine, then 
of water-of-Ayr stones, 
which are rubbed on the 
plate to obliterate fine 
scratches and file marks, then of ]mmice and soap, 
and, finally, of rouge or whiting carried on brushes^ 
which are revolved by means of a lathe. 

Working in Vulcanite. Vulcanite as a 
base for artificial teeth offers, certain advantages 
which are sufficient to determine in many cases the 
dentist’s choice in its favour in preference to gold 
or other metal plates. The fact that the shaping of 
the metal plates entails the use of dies and couhter- 
dies, obtained from the aotuah^model, of necessity^ 
introduces an element of inaccuracy into the work/ 
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since the peculiar changes in shape and size under- 
gone by the metals during heating and cooling must 
tend to prevent the perfect fitting of the plate. 

Vulcanite, as will be seen from the description 
which follows, is applied in a plastic form to the 
original model, and hardened in position. One would 
expect, therefore, that, as a general rule, it would 
be possible to obtain with it a more accurately 
fitting base than a metal plate can be ; and this 
conclusion is quite justified by actual experience of 
the use of vulcanite in practice. Another advantage < 
which vulcanite possesses, and one which renders it 
especially beneficial to the public at large, is that 
it demands considerably less skill and the expendi- 
ture of less time than is necessary for the manu- 
facture of metal plates. For this reason, and because 
the material itself is less costly than gold, it is 
especially adapted for patients who would find the 
foe charged for a large gold plate prohibitive. 

Though distinctly less durable than gold, vul- 
canite possesses the additional advantage of being 
more easily altered or repaired; but it is not suffi- 
ciently strong to be safely employed when the 
exigencies of the case demand, as they not uncom- 
monly do, that the base shall be quite thin. The 
ease with which vulcanite work of an inartistic and 
inferior kind can be done renders it liable to abuse; 
but, to employ it to its best advantage, the mechanic 
should be thoroughly familiar with the details of all 
the processes involved, and should understand 
something, at any rate, of the chemistry of this 
substance and the principles governing its employ- 
ment. 

Preparation of Vulcanite. Vulcanising, 
then, is the name given to the process by wbiem 
india-rubber is converted into a hard substance, 
which is called vulcanite. For dental purposes, 
india-rubber or caoutchouc is supplied already mixed 
with sulphur and rolled out into thin sheets for 
convenience in working. It is generally coloured 
also by the addition of various sid^stances, such as 
vermilion (red), vermilion and zinc oxide (pink), 
or ivory black [7]. It is to the presence of the 
sulphur that the india-rubber owes the change 
which takes place when the mixture is heated. 

It was at one time generally believed that the 
change was one purely of physical character, the 
sulphur incorporated with the rubber melting under 
the influence of the heat, and, having become 
thoroughly mixed with the softened rubber, again 
solidifying when it was allowed to cool. There are, 
however, good reasons for believing that this is 
not the true explanation of the change which takes 
place, and it is far more probable that the process 
should be regarded as essentially a form of distilla- 
tion comparable to that by which wood, heated in 
the absence of air, is converted into illuminating gas, 
parafiin, pitch, and pyroligneous acid. 

India-rubber is composed solely of carbon and 
hydrogen in the proportion r^resented by the 
formula CieHy ; when heated in the presence of 
sulphur, some atoms of hydrogen ore separated and 
combine with the sulphur to form the gaseous 
compound Iwdrogen sulphide, represented by the 
formula HaS, which possesses tne characteristic 
odour of rotten eggs. The gas becomes dissolved in 
the water in which the rubber is heated, and can 
easily be detected after a rubber base has been 
vulcanised for dental purposes. Vulcanite, which is, 
therefore, the solid substemee resulting from Jj|M dis- 
tillation of caoutchouc in the presence of 'fliphur 
and under pressure, is, chemically speaking, of a 
resinous nature. When properly prepared, it is a 
solid, firm substance, sufficiently strong to with- 


stand the ordinary force of mastication, but easily 
cut ‘with files ana sharp steel instruments. It is 
insoluble in water, the saliva, alcohol, and the 
strongest caustic alkalies, and is only acted upon 
by strong mineral acids if kept boiling in them for 
a prolonged period. 

The Vulcaniser. It can be softened by heat 
of the degree of boiling water, and at a still greater 
heat is combustible, and bums with a strong odour 
of sulphur. For dental purposes it is found most con- 
venient to heat the rubber in a closed oven, called 
a vulcaniser [12], of somewhat peculiar shape, which 
is half-filled with water and heated by means of a 
small Bunsen burner. Water is used for two reasons : 
first, because in the form of steam it diffuses and 
equalises the heat and pressure ; and, secondly, 
because it readily takes up the hydrogen -sulphi(io 
gas, which is formed during the process of vulcanis- 
ing. Should this gas be unable to escape into the 
water, there is a distinct danger that it will make 
the vulcanite porous, spongy, and brittle, and so 
definitely injure it. This is a matter of much 
importance, and relates chiefly to the subject of the 
degme of heat and the rapidity of heating required. 

Experience teaches that the complete vulcanisa- 
tion of rubber takes place most satisfactorily at a 
heat of about 320° F., and that the heat should be 
gradually raised to this point. Probably the best 
results are obtained when the rubbt^r is baked for a 
prolonged time at different and moderate tempera- 
tures, and with this end in view the vulcaniser should 
be kept for half an hour at 260° F. and 300° F. 
respectively, and for one hour at 316° F. It is, how- 
ever, generally inconvenient to allow so much time 
for the process, and good results are obtained by 
following the plan more usually adopted. Half an 
hour is spent in gradually raising the heat to 316° F., 
and then for one hour and a quarter this heat is 
steiidily maintained. The gas is then turned off, and 
the boiler allowed to cool, vent being given to the 
steam which has formed by opening a small pipe 
controlled by a screw-tap. 

Vulcanisers should be strongly made of the best 
materials, and handled with great care and a strict 
observance of detail in their management. They 
should have a safety-plug of soft metal and on 
accurate thermometer attached to them, or, better 
still, should be fitted with a pressure-gauge con- 
nected with an apparatus for reducing the supply of 
as to the burner when the pressure of the steam 
as attained a force which corresponds to the tem- 
perature it is desired to employ — 316° F. rouglily 
corresponds to 80 lb. pressure per square inch. 
In the manufacture of a set of artificial teeth 
mounted upon a vulcanite base, the first process 
consists in “ taking the bit©.’* 

** T aKing the Bite.’* A thin sheet of modelling 
composition is warmed over the flame of a Bunsen 
burner or in hot water, and carefully pressed down 
upon the model, whch has previously been dusted 
with French chalk to prevent too close adhesion of 
the composition. The latter is then trimmed off with 
a hot knife until its marmns correspond to the lines 
upon the model by which the size and shape of the 
plate have been indicated. Thick blocl^ of wax 
are then built up on the composition base along the 
ridge which is subsequently to be occupied by the 
teeth. Both upper and lower models having been 
treated in this manner the composition and wax 
are gentlv heated, and the two plates inserted in the 
mouth, the patient being then instructed to close the 
jaws together in the natural way. The mid-line of 
the face having been marked upon the wax as a 
guide to the mechanic who is to set the teeth in 



position, the dentist then removes the two plates 
with the wax edges odhefmg together. These are 
placed upon their respective models, which, with the 
wax plates still adhering, are fixed in a hinged 
apparatus with two limbs, one being for the attach- 
ment of each model f 11]. There are several varieties 
of this kind of simple apparatus, called an articu- 
lator. When the hinge is opened and closed we have 
a rough representation of the opening and closing of 
the mouth, and are thus enabled to place the teeth 
in such a manner that the two sets shall meet each 
other as they would in the mouth. The 
having been obtained, we proceed to the 
next process — sotting up in wax. 

Setting Up in Wax. The wax 
blocks are removed from the composition 
plates, and as much of the latter re- 
moved as will allow of the artificial teeth 
being placed in position. Such clasps as 
may be deemed necessary for the case, 
having l)een bent to shape, are attached 
in proper position to the composition base 
by wax. Starting from the middle of the 
mouth, we proceed to fit the two upper 
central teeth to the model, or, if it is 
decided to reproduce in vulcanite gum 
which has been lost, to embed the necks 
of the teeth in wax placed upon the com- 
position base to the required height. Next, 
the laterals are placed in position just 
beyond the centrals, and the canines next 
to the laterals. As each tooth is fitted to 
its place platinum pins are bent with fine 
pliers, ana secured to the base with wax. 

The six anterior teeth of the upjier jaw 
being set ut>, we proceed to treat the lower 
jaw in the same manner, keeping the 
models in the articulator, and so arranging the 
teeth that the lower ones close for one third 
of their depth immediately behind the up})er. 
We thus obtain an imitation of the natural state 
of things, a scissor-like arrangement adapted to 
biting off particles of food ; and. again imitating 
Nature, we proceed to plat^e the flat-toppled back 
teeth in such a way that the corresponding teeth 
of each jaw meet surface to surface to allow of the 
grinding of food, which constitutes mastication. 

The bock teeth have been sjwken of as “ flat- 
topped ” to distinguish them from 
the sharp-edged teeth in the front 
of the mouth, but the back teeth 
really present a niimW of cusps 
or prominences on their masticating 
surface with corresponding depres- 
sions, and to obtain an efficient 
articulation the teeth should be so 
arranged that cusps fit into depres- 
sions in the teeth which oppose 
them, while the sides of the cusyis 
glide u|)on one another. Generally 
speaking, it may be said that the 
cusp of the uppr teeth should fall outside 
ana in front of the corresponding cusps of 
the lower teeth. The cases set up in this 
way are. nicely finished off by adding wax and 
trimming away excess with a hot knife, and the 
dentist then places them in the mouth in order to 
863 that the tit, appearance, and articulation are 
satisfactory before the oases are finished. Thus 
corrected, the cases are then submitted to fiasking. 

FlasKing. The flask is a metal box of such a 
size as conveniently to contain one of the sets of 
teeth upon its model, which may be reduced in thick- 
ness [IB]. Several forms are used which differ in 
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some more or less important details. The two * 
main varieties are those composed of three and two 
parts respectively. The former has certain advan- 
tages, the chief of which consists in the fact that 
with its use there is less risk that the vulcanite will 
alter its shape while in the boiler. To manipulate 
it, however, requires rather more time and trouble, 
and since, with care, good results can generally 
be obtained with the two-part flask, the latter has 
remained the favourite with mechanics, largely 
owing, it is probable, to a natural tendency towards 
conservatism in methods. 

Each set has now to be invcstetl in a 
flask. For this pijr{X)se a quantity of 
]>la8ter of Paris is mixed in a basin and 
I)Oure<l into the lower part of the box, which 
is composed of two nearly equal parts. 
Tlie lower part Iteing half-filled with plaster, 
the set of teeth upon its model is sunk into 
it, when more plaster is added, until the 
latter extends to the edge of the flask, and 
to the margins of the wax and composition. 
It is then trimmed off smoothly, and 
allowed to set. When hard it is painted 
over with a little oil or a solution of soap, 
which effectually prevents other plaster 
from adhering. Fresh plaster is then mixed, 
a portion placed over the case and plaster 
in the first half of the flask, and the second 
half completely filled. The two parte are 
then fitted together, and the whole placed 
between the plates of a vice or press and 
driven home, the (*xces.s of plaster being, 
by this method, pressed out from between 
the two parte. 

When the plaster has set, the excess is 
removed from the fiask with a knife, and 
the flask is then placed in an oven and slowly 
heated to a temperature approaching that of boiling 
water. Thus heated a few taps of a wooden 
mallet uf)on the sides of the flask will suffice 
to separate its two parte, since the oil or soap 
ay>plied as described effectually prevents the adhe- 
sion of the two surfaces of plaster, while the heat 
has melted the wax, which, if firm, might hold the 
parte together. Boiling water h now y>oured 
upon the surface of each half of the flask in order 
to remove thoroughly the softened w'ax, and, this 
l»eing effected, the flask is returned 
to the oven to be again thoroughly 
heated. The sptH'ially prepared 
india-rubber for vulcanising is then 
(‘ut into suitably sized pieces for 
packing. 

Packing, The sheet of india- 
rubber is, therefore, cut into piews 
of a variety of sha})e8 and sizes, 
which are placed ui)on the upper 
surface of a kind of pan containing 
water, in order tliat the pieces 
may be softened, and so capable 
of being carried to place in the flask. 

It follows from the method of fiasking the case 
which we have described that the artificial teeth 
which were placed in the first or lower half of the 
flask attached to the com|)osition base by means 
of wax, will now be embedded — so far as their out^ 
surfaces are concerned — in the plaster of tlie second 
or upper half [14]. Here, then, they are held in an 
inverted position in the roughly horseshoe-shaped 
curve in which they have been placed, with tneir 
backs, from which the bent pins project, facing 
towards the centre of the flask. 

The lower part of the flask contains the model 
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and preBents a duplicate of that part of the palate and 
jaws which the plate is to cover. When the two 
halves of the flask are united there remains an 
irregularly shaped space between the two surfaces 
of the plaster. This space represents the base in 
which the teeth are to bo supported and embedded ; 
and the object of “ packing ” is to accurately fill 
this space with rubber, which can be subsequently 
vulcanised. The upper pari of the flask containing 
the inverted teeth should be taken first, and, having 
been carefully heated, is steadied u j>on the bench with 
the left hand, which should be protected from burn- 
ing by means of a thick duster wrapped round the 
flask. In each hand the mechanic holds a steel 
instrument called a “ packer,” with a blunt point 
or narrow blade as preferred, and with these he 
places and presses into position the small pieces 
of heated india-rubber. 

The Use of Rubber. Pink rubl)cr should be 
carefully packed round the nocks of the inverted 
teeth and carried into the cracks which extend down 
between neighbouring teeth. In these situations 
pink rubber is used because its appearance is dis- 
tinctly more natural ,■ in places where the vulcanite 
will not be apparent red rubber should bo employed, 
as it possesses greater strength than the pink, in 
which the rubber has to be mixed with two pig- 
ments. The pink rubber, therefore, having been 
packed into such places as demand it, we proceed 
to tuck small pieces of red rubber around the bent 
pins of the teeth, in order to seemrely attach the 
teeth to the vulcanite base, and to extend the 
covering of rubber from this point over the parts 
corresponding to the jaws, and, if the case be in- 
tended for the upper jaw, to the palate. 

When it is believed that sufficient rubber has been 
applied, both parts of the flfisk are again carefully 
heated, a piece of wet calico laid upon the lower 
half, and the two halves united and driven home in 
the vice. On again separating, it appears either 
that sufficient rubber has not yet been packed upon 
the plaster, or that too much has already been added. 
These deficiencies having been correcU^d, either by 
adding fresh rubber or by removing the excess by 
means of a hot knife, little grooves are cut in the 
plaster to receive any further excess that may be 
present, and the flask finally closed in the vice and 
secured by means of bolts fitting into holes with 
which the flasks are made, or by means of a clamp 
surrounding the whole flask. The flask is placed in 
the vulcaniser, which is then half-filled with water, 
and securely closed with special screws. The gas 
burner having been lit and placed under the vul- 
caniscr, the process of vulcanisation is carried out 
in the manner already indicated, and the whole 
allowed to cool down. 

The plaster of Paris undergoes a peculiar change 
ns the result of boing heated in this manner in the 
presence of steam. When the flask is opened the 
plaster is found to have become a sodden mass, 
which can be readily broken away from the vulcanite 
in large pieces, and finally cleaned off with a fine 
brush. The final process in preparing a vulcanite 
case consists of filing and polishing. 

Filing and Poliahing. After vulcanising 
in this manner, there will be at several points 
ineoualities in the vulcanite and small pieces of 
rublx»r in excess which have been pressed out when 
the flask was finally shut down. These have to be 
removed, and the case reduced to its proper size 
shape by means ol files, of which rough oneimKe 
first employed, followed by others with finer teeth. 
The next step is to remove the excess of vulcanite 
which is found in the spaces between the teeth and 


around their necks. For this purpose a small tool 
of chisel shape with a sloping edge is employed, and 
with this the vulcanite is trimmed off around the 
teeth until the latter appear with a festooned edge of 
vulcanite closely resembling the arrangement of 
the gum and the natural teeth in the mouth. The 
whole surface of the vulcanite is then scraped with 
sharp-edged, spoon -shaped steel instruments of 
various sizes. 

Thus reduced to a suitable thickness which gives 
the case sufficient strength without making it too 
cumbersome to be worn comfortably, the vulcanite 
is thoroughly rubbed with sandpaper or glass- 
pa))er, a coarse grade being followed by finer grades, 
and the case is then ready for polishing. For this 
pur)X)8e it is held against a stiff-bristled circular 
brush revolved upon the head of a lathe, which is 
worked either by electric power or treadle. This 
brush is fed with a mixture of pumice-stone and soft 
soap, and the final gloss is given with a softer brush 
carrying whiting or rouge. The case, having been 
thoroughly cleansed with soap and warm water, is 
then ready to be placed in the mouth of the patient 
and finally adjusted to the jaws [17]. A now case 
generally requires some little attention after being 
worn for a few days before it can be borne com- 
fortably u^Km the gums, and before the tooth 
accurately close against those of the opposite jaw. 

Gold and vulcanite arc the two principal materials 
employed as a base for the supjiort of artificial teeth, 
and the main principles which govern the methods of 
working with these materials having been dis- 
cussed, it only remains to refer shortly to such other 
materials as are also used, and the principal modi- 
fications in method which their use entails. 

Gold and Vulcanite Combined. It is 
frequently of advantage to construct a dentiu*e 
partly of gold and partly of vulcanite, thus taking 
advantage of both the strength which the gold 
confers upon the case and the easy adaptability of 
the vul(;anite. This kind of denture commonly takes 
the form of a gold plate, to which the clasps and 
front teeth are attached by solder in the manner 
already descril)ed, while the grinding teeth are 
attached to the plate by means of vulcanite. To 
secure the vulcanite a firm hold upon the gold plate, 
it is best either to solder narrow loops of gold to 
the plate, or to perforate the latter at several points, 
leaving the tags of gold thus made as holdfasts. It 
will be obvious that it will be necessary to complete 
all the necessary soldering before l>eginning to 
vulcanise, since the great heat required by the 
former process would utterly destroy the vul- 
canised rubber. This being borne in mind, there 
should be no difficulty in making such combination 
dentures. In many cases a narrow stri}) or length of 
gold wire placed in the body of the vulcanite while 
it is being packed will be sufficient to give the 
requisite strength. 

Dental Alloy. Dental alloy is an alloy of certain 
metals the precise nature and proportions of which 
are a proprietary secret, but it is known that there 
is a large proportion of silver and a small quantity 
of platinum. It possesses two advantages over gold 
in that it is slightly cheaper and, since it fuses at a 
higher temperature than gold plate IB carats fine, 
it does not require such deficate handling during the 
soldering process. It is, however, distinctly less 
durable than gold, and often becomes discoloured 
in the mouth. Like the alloys already referred to as 
amalgam filling materials, it is decidedly capricious 
in its behaviour, and it occasionally happens that 
such a plate becomes cracked in an unaccountable 
way, or that a tooth or band is found to be 
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ineflFectually soldered. Ncvorthelcss, denial alloy, 
owing to the advantages mentioned, may be usefully 
employed in a number of cases. The molar teeth 
are generally attached with vulcanite. 

Celluloid, (.elluloid has been employed as 
a base for artificial teeth, and although it has not 
been extensively used in this country, 
and has never been generally popular with 
English dentists, the mechanic and student 
should, at any rate, make themselves 
familiar with the general principles which 
govern its use for the pur]) 08 e. The model 
should be made of the best <|uality of coarse 
builders’ plaster, and carefully dried so as 
to be as hard and strong ns possible. The 
case should be set up in wax, flashed, and 
treated ns if for vulcanising. 

A piece of celluloid of ap})roximately 
accurate size should bo softened in hot 
water and placed in the flask, and the 
whole gradually heat<*d in a special oven 
containing dry or moist air, steam, or oil, 
and fitted with a press which can be 
gradually closed, thus forcing the softened 
celluloid into position and pressing excess out into 
grooves out in the plaster. Thus made, very slowly 
cooked and carefully polished, celluloid cast's have 
the advantage of being light, comfortable to the 
tongue, of good a])pearance, and clean in manufac- 
ture. They are, however, sonujwhat liable to w'arj), 
and do ilot wear very well. 

Porcelain WorK. Wry beauti- 
ful effects can be obtained by reproduc- 
ing lost gum with fused ])orceJain of a 
natural gum shade and markings, in 
place of the vulcanite or celluloid 
already discusacd. For this pur[)oso it 
is nct^essary to employ a plate of 
platinum as a base, attaching bands 
with pure gold or gold and ])latiiiuru as 
a solder. A narrow^ stri}) of platinum is then fitted 
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to the plate, so ns to run along the top of the ridge 
of the jaw, and is attached to the })latc» by solder at 
a mim)>er of ]K)ints. 

The porcelain teeth are th(*n fitted in ]>osition 
and the pins so bent as to grip the narrow band 
referred txj, to which they are 
then soldered. Powdered por- 
celain is then mixed with 
alcohol or water, and laid on 
the plate, can; being taken to 
pack it^.arefully into the in- 
terstices between the teeth and 
around the pins. The required 
contour having l)een in this way 
built up, the piece of work is 
then placed in the furnace — tlw' 
electric furnace preferably as 
being cleaner and mon; reliable 
— and the jjorcclain carefully 
dried and then fusexl. More 
porcelain is added, and again 
fused, and, finally, the specially 
coloured pink porcelain is laid 
upon the front of the case and 
carefully carved with suitable 
instruments, until its surface 
resembles the natural gum not 
only in colour but also in form. The case is 
then finally fused and polished. Such is the most 
beautiful form of denture which it is possible to 
obtain, btit it unfortunately possesses several dis- 
advantages, the most important of which are its 
heaviness, its brittleness, and tho difficulty in its 
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construction and repair. While dealing with the 
subject of j)orcelain, it will be well to refer shortly 
to the process of fusing porcelain to be inserted 
into cavities of the natiu*al teeth, as this work is 
often carried out in the w^ork-room. The dentist 
takes a small piece of gold or platinum foil, and 
presses it into the cavity of tho tooth until 
it forms a complete and accurate lining of 
the cavity. Ho then withdraws it, and 
places it with its concavity upwards u]X>n 
a little platinum tray containing freshly- 
mixed powdered a8l)estos and water. Set 
in this the gold mould is prevented from 
altering its shape, ami may then he filled 
with a paste comf)osed of powdered por- 
celain and water, so built up as to restore 
the lost part of the tooth. The tray and 
its contents are then placed in the electric 
furnace, and gradually heated until the 
])oreclaiii is fused. More porcelain has 
g(‘nerally to l)e added and finally fused. 
The gold is stripj)£;d off, and the i>orcelaiii 
finally trimmed to shape. 

Crowns and Bridges. In dental 
practice cases arc met with somewhat frequently in 
which one or more teeth me found to bo so exten- 
sively decayed that the insertion of a durable tilling 
material is out of the question, and choice has to bo 
made. iK'tween two alternative methods of treat- 
ment. 8ucli a tootJi may l»e extracted, or it may 
be pos.sible to reduee the whole t(V)th 
to the gum-Jovel and then attaeh to the 
st ump whieh remains an artificial tooth 
of the shaix*, size, and ap])earanco of 
tho part which has been lost. When 
several such teetli remain in the mouth 
with toothless s])aees between them, it 
is sometimes possible to attach artificial 
teeth to the stumps and, using them 
13. vnxjANIsiN.i FWSK BU, , ports, to attach to the,,, ot',er 
artificial tt*eth which fit into the s])aces. Single and 
combined structures of this kind are called respec- 
tively c;rowns and bridges. 

A great deal of nonsense api)eurs in ])rinted 
advertisements which profess to set fo^th the ad- 
vantages of this kind of work. These attieh- 
meiits are recommended to tho 
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public as “ artifieial teeth with- 
out plates,” and attention is 
drawTi to the advantages which 
these possess as compared with 
what are descrilwd as the “old 
fashioned” plates. Crown and 
bridge work has on this ticcount 
been very much abused. 

The choice of cases suitable 
for this kind of attachment, and 
its pro])cr construction demand, 
perhaps, greater judgment than 
any other o|>cration in dentistry ; 
and it should bo clearly under- 
stood that slovenly or unskilful 
work of this kind, or faulty 
judgment in selecting Cfises, is 
capable of doing more havoc to 
the jiatient than almost any 
other error in carrying out the 
principles of dental surgery. In 
the majority of ca.ses the attachment of a crown 
involves tlic removal of the nerve and tho insert ion 
of a metal ix)8t into the canal. This ojicralion, if 
improperly performed, may cause abscess and even 
Horioua disease of the jaw^-bonc, while many bridges 
which have been faultily constructed or badly 
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inBcrted are utterly insanitary and, in addition, 
destructive to such natural teeth as remain. 

Preparing the Root. In the cx>n 8 truction 
of these attachments the dentist first prcj>ares 
the root for the reception of the crown. This 
involves cutting the root with stones until it is 
cone-shaped and short enough to allow the crown 
to rest upon it without Ixjing in the way of 
the opposing teeth, and generally also involves 
the destruction and removal of the nerve. This 
being effected, he secures an impression of the 
root in either plaster of Paris or modelling com- 
'7>osition, and from this the mechanic prc7>ares 
a model uy)on which much of the subsequent 
work is carried out. The mechanic first bends 
ix piece of niotal platen of 22 carats fine, of No. 

4 gauge and about ?, in. broa'J, so as to form 
a clasp which comidetely surrounds the root. 
This, Iwing accurately fitted ujmn the model, 
is finally adjusted in the mouth, and 
the two ends then soldert^d together 
with solder of a high grade, 18 carats 
fine, for instance, to firevent unsolder- 
ing during subsequent work. This 
gold ring, which is called the collar, is 
then placed in [josition upon the root 
and so reduced as to extend evenly all 
round for al)out iV in. beneath the 
gum, and so as to be clear of the op- 
jK>siiig teeth when the mouth is closed. 

Some hot modelling comyKJsition is 
then thrust into the collar in yxisition 
on the root, and the patient directed 
to close the teeth together. The whole 
being removed, a model represent- 
ing the root to be crowned, with the 
gold collar in 7>osltion, and a model 
representing the op7>osing teeth, can 
then lie obtained in plaster of Paris, 
and the two hold in j>ro]ier relation 
to each other by means of a small 
form of articulator. The next step 
is to hammer and swage a 7 )icco 
of gold plate into a steel counter-die 
represonting the mastic i ting sur- 
face of a natural tooth of similar 
size to the one to be reproduced. 

A number of such counter-dies 
should be kept in slock, represent- 
ing a variety of shajxjs and sizes. 

The piece of gold thus Hha]x?d 
should have solder 14 carats fine 
melted into the concavity of the 
cusps, and then be fitted upon the 
free edge of the collar. This being 
effected, the collar is removed 
from the model, its edge painted 
with borax and water, then care- 
fully held by means of wire in right 



15 . GOLD CROWN HELD BY 
WIRE FOR SOLDERING 

16 , SWIVEL AND SPRING 
HELD IN SPECIAL PLIERS 



17 . COMPLETED CASE WITH SPRING 
relation to the gold cusps, and the whole held in the 


flame of a Bunsen blowpi^ie until the two parts are 
unite-d by solder [ 16 ]. When this has been fitted to 
sha7>e and polished, wo have a five-sided, tooth- 
shaped box or cap which fits over the root, to which 
it can be attached with cement, a gold or dental 
alloy post having first lieen secured in the canal 
of the root to afford firmer fixation. This form 
of crown is most suitable for use in the back of the 
mouth owing to its strength and to the fact that, as 
it will not be seen, it has not the disadvantage of 
being unsightly, as would be the case were such 
a crown inserts in the front of the mouth. 
latter position it is often nocessaiy to sacrifice sonie 
strength for the sake of obtaining a natural appear- 
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ance, and for this pur|K)se a porcelain tooth is 
fastened to the gold in such a way that the porcelain 
alone is visible. This involves a considerable 
modification in the process already described. 

The collar should be reduced to the level of the 
surface of the root, and a shallow cap oonstmoted 
by soldering to it a flat piece of gold plate of No. 1 
gauges Through this are inserted one or more 
posts which fit into the canal or canals of the root, 
and are soldered to the gold cap in right 7)osition. 
The next step is to fit a porcelain tooth which has 
been backed with gold into jx>sition upon the gold 
caj), care being taken that it is short enough to 
avoid the opposing teeth when the 
mouth closes. The tooth is then 
secured to the by means of v/ax, 
and the whole invested in sand and 
7)1 aster for soldering, the face of the 
tooth l)eing cai'cfully covered with 
an even thickness of the investing 
material, and the 7>in8 and backing 
and the U7>7)er stirface of the cap being 
exf)08ed. I'hese surfaces are then 
covered with solder, which holds the 
several parts together. The crown, 
having been cleansed in hydrochloric 
a(!id, and with the 7)11 mice brush on 
the lathe, is ready for insertion. 

When a bricjge has to \m constnictcxl, 
the supporting crowns are first pre- 
7>arecl and placed in position u 7 >on the 
model. Porcelain teeth or metal 
crowns are then fitted into the spaces 
between the (Towns, to which they 
are attached temporarily with wa.x 
and then 7>crmanently with solder. 

Repairs and Additions. 
Artificial dentures are of necessity 
somewhat fragile, and not infrequently 
meet with accidents. Of these the 
most frequent is a fall upon the floor 
while they are being held in the hand 
and cleansed. Such an accident as 
this may result in the fracture of one 
or more of the. ])orcelain teeth or 
of the vulcanite, eH7)ecially in the 
case of a lower denture, which 
has the form of an arch, each of 
the sides acting as a lever when a 
blow is directed against the ex- 
tremities. The re7>air of such 
injuries does not, as a rulcv, present 
much difficulty. A new tooth 
can be fitted to 7)lace, backed and 
soldered to a plate, or fitted, 
attached in Twsition in wax, in- 
vested, and j)acked with ^rubber, 
which is then vulcanised. It 
should, however, be remembered 
that, whereas fresh vuk'anite often obtains quite a 
firm hold 117)00 the old, it is best not to rely solely 
upon this adhesiveness, but to shaije each piece of 
the fractured vulcanite plate in such a way, by 
cutting dovetailed slots with a file, that the frag- 
ments are held together mechanically by the fresh 
vulcanite that is added. 

Similarly, it often becomes necessary to add one 
or more t^th to a denture in order to replace 
natural teeth which have been lost after the denture 
has been made. This, again, involves no si)ecial 
difficulty, a dovetailed slot being cut out in the 
vulcanite to allow the new tooth to be fitted to place, 
and to hold it in Tuition both by adhesiveness and 
mechanical retention. Where a soldered tooth has 
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been broken and has to be replaced or has (o be 
added in a fresh place on a denture whitih carrieR 
both soldered and vulcanised teeth, it is generally 
necessary to remove all the latter before soldering 
and then replace them with fresh vulcanite. To 
avoid this lengthy proceeding, it is Rometinies 
possible, when the addition is a small one and is 
sufficiently reniovid from the vulcanite, to protect 
the latter with wet sand, constantly moistened 
while the soldering is effected. 

In order to tit fresh teeth to position, it is generally 
necessary to obtain a model of the parts. This can 
most readily l)e effected by placing the denture in 
the mouth and pressing a small j)ie(!c of modelling 
composition against the gum at tfie point, where the 
addition is to be made. The denture, with the 
composition attached, is then removed and placed 
upon a little moss of freshly-mixed jilaster of Paris. 
Wlitm the latter has set and the coinfiosition is 
removed with hot wati'r, we have a rp))r(‘sentation 
of the plate in position in the mouth, with a model 
of the surface of the gum ngainsl which the new 
tooth or teeth are to l)e fitted. 

Addition of Springs. If sometimes 
happens that, in mouths in which all the natural 
teeth have Ijeen lost, the palate is so flat, or the jaws 
throughout present so little ridge corresponding wdth 
the prominent process of bone whieli supports the 
teeth in the natural conditions, that the denture 
does not adhere firmly to flic gums and fialate, and 
suction, due to atmospheric jiressure, is so imi^er- 
fect that the plat-c falls away from the roof of the 
mouth. In such cases the dentist must often have 
recourse to 8})rings, which have been previously 
referred to. Swivels have first to be fitted to the 
dentures. The swivel consists of two round bars 
of gold, about I in. in length, eonnect<‘d at right 
angles to eai^h other by a kind of hinge, which admits 
of free movement of the one part upon the other so 
long us they remain at right angles 1 16]. This form 
of hinge is obtained by thrusting one bar, whi(^h has 
a flattened head like a pin, as far as })ossible through 
the other, one end of which is flattened and pierced 
to receive its fellow. The headed bar is then secured 
to the denture either by riveting or vulcanising it 
in a hole pierced through the vulcanite in the region 
of the gum between the two bieusjiid teeth. Over 
the other bar is plae(*d one end of the spring. Four 
Buch swivels are re(|iiired, and each is similarly fixed, 
two on each side of the mouth. 

(freat care must be taken that the swivels on the 
same side are suitably placed, the lower one b<‘ing 
placed |>erpendicularly below or in a slightly 
posterior plane to that of the upper swivel; it is, 
too, of great im jiortanco that the distance separating 
the swivels should b<? the same on both sides. The 
ends of the spring should Ikj screwed down upon 
three out of the four swivels, as their attachment 
can then be secured with the least force. In tlie 
case of the fourth, any rotation is necessarily 
impossible, and the swivel must he filed a little 
Bmaller, and then the spring pressed over it. By 
means of these springs the upper and lower dentures 
move upon each oiher as u]jon a hinge, the upper one 
being supported by them against the roof of the 
mouth, and the low’er one being similarly prevented 


from sliding upwards and forwards, as there is 
always a tendency for it to do unless secured by 
springs [171. 

Regulation. Reference has been made to 
operations and appliances directed towards the 
correction of mal- placed teeth in the months of 
children. There are fortunately several constant 
factors which tend to produce a regular and natural 
arrangement of the teeth, and in many cases an 
irregular arrangement is'diie ])rinripally to a crowd- 
ing together of teeth in jaws which, in the course of 
generations, are becoming progressively smaller. 
Hence it often happens that the extraction of one or 
more teeth, by affording sufficient room for the 
others, allows the natural tendencies to have free 
play, and so corrects the irregularity. 

Sometimes, however, this is not sufficient, and 
these tendencies have? to be assisted by means of 
appliances which have to be worn in the mouth. 
Of these, the most usual form is a vulcanite jilate 
fitting the palate and carrying u wire of gold or a 
length of ))ianoforte wire, which is bent in such a 
way as to exert pressure u])on such teeth as are in 
bad position. It is best lo employ wire w^hich is 
springy, as this (juality ensuri‘s that the ^iressure 
shall be moderate in foree and gradual. 

(iold wire can be made syiringy by beating it w'i(h 
a hammer, while tlio spriiigmeHs of yiianoforte wire 
can be increased by bending it into a singh^ or 
double coil. This confers an eliisti('ity upon the 
whole w'ire wdiieh renders it eminently suitable for 
the purpose. India-rubber bands a ttacIuKl to metal 
hooks and jack-screws are examyiles of other 
methods employed and specially adapted to certain 
eases. Whatever* tnetliod is employed, great care 
shoiild be taken, and trained judgment is reipiired 
to adjust the ayiplianee so that pressure will act in 
the direction reijuired. The making of such appli- 
ances yiresents little difliculty. The supporting 
plate is first made of wax, and the wire fitted lo 
place, and the case then flasked and yiacked with 
rubber, which is subseipicntly vulcanised and 
yiolished. It is bi^st to secure a firm attachment of 
the vulcanite to the wire by roughening the latter 
with a file, if it is to be of gold, and l oating it w^ith 
tin if it be pianoforte wire. In order to effectually 
tin the wire, it is best to heat the latter, plunge it 
first into a solution of zinc chloride, and then into 
some melted tin. 

XooNmaKing. A eayiable mechanic should 
be able to make for himself the majority of the tools 
which he rotpiires for his work ; and, although it 
may be economical in time to ]mrehasp most of the 
tools in the first place, it will often hayipen that they 
will require reyiairing, adjusting, or adapting to 
other purpose's. He should, therefore, make him- 
self ucqiiainte'd with the principles involved in the 
processes known as forging and teni]iering steel, 
and acquire skill in the use of th(‘ grindstone for 
the grinding to shayie and the setting of sharp 
instruments, (food tools with a fine edge are a 
necessity for the jiroyier yicrformance of much of the 
work of a dental workroom. 

For the illustrations in these articles we are in- 
debted to the courtesy of Messrs. C. Ash & Sons, 
Ltd., and the luiblishers of “Me -hanical Dentistry.'’ 
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DISEASES OF THE BLOOD 

Ill-heaith in the Circulatory System. Cause and Effects of Diseases in 
the Arteries. Diseases in the Blood Itself. Blood Poisons. The Heart 


By Dr. A. T. SCHOFIELD 


IN speaking of the ill-health of the circulatory 
system we must first of all consider diseases 
of the blood-vessels, then of the blood, and lastly 
of the heart. 

The blootl-vessels arc, as is well-known, of 
three descriptions — arteries, which convey the 
fresh blood stored with food and oxygen to the 
capillaries ; the capillaries, which distribute the 
food to the body cells through their thin walls, 
and collect the body refuse ; the veins, which 
return the used-up blood laden with refuse and 
carbonic acid gas to the heart and lungs to be 
purified. 

ARTERY DISEASES 

Atheroma. Atheroma i.s a hardening and 
thickening of the arteries, common in old age, 
and making men prematurely old when it 
occurs younger in life, as the fruits of excess. 
It is generally due to alcoholic poisoning, or 
possibly arises from constitutional wea^ess. 
The artery, which should be firm and elastic, 
like a fresh itidiarubber tube, becomes more like 
one when the rubber is “ perished ” — that is, 
hard and brittle. This disease of the blood- 
vessels often leads to paralysis, and those who 
suffer from this trouble should be careful to 
avoid all mental and physical strains. 

Aneurism. Aneurism is an expansion or 
stretching of the wall of some artery from weak- 
ness — very commonly the aorta, or the largest 
artery in the body— so as to make a tumour full 
of blood, which ]mlsates or beats synchronously 
with the heart. Such tumours, if not very large 
and deeply seated, may exist for years and give 
no trouble. More commonly they come under 
the notice of the medical man by accident, and 
are then treated, often with great success The 
idea of these pulsating tumours in the abdomen 
is a common cause in women of the formation of 
hysterical tumours, which are formed to resemble 
aneurisms solely by the unconscious action of 
the mind on the body. Over fifty such cases 
came to a J.-ondon hospital in a very few years. 

Embolism, Embolism is the result of 
the sudden blocking of some small artery, 
causeti by a small solid substance that gets 
into the blood circulation, often from the 
breaking off of the end of a clot in some vein. 
This is swept along in the circulation till it 
reac'hes some tiny artery too small to pass, and 
this it at once blocks, thus cutting off the blood 
stream from the part the artery supplies. The 
(‘ITccts, of course, vary with the part deprived of 
blood. If it occurs in the brain, we get paralysis 
(temporary or permanent), with or without loss 
of speech ; if in the lungs, we got sudden breath- 
lessness of an ijilarming character, and so on. , If 
the clot that blocks the artery is in itself h^fjfehy, 
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the trouble is not very serious ; but if it is septic, 
and comes from some ulcer or diseased part, then 
another absiress will probably form at the, spot 
when the artery gets blocked. The writer has 
known an embolism in the brain suddenly pro- 
duced by the incautious massaging of a clot in 
the vein of Ji diseased leg. 

DISEASES IN THE VEINS 

Varicose Veins. Varicose veins, a weak- 
ness in tlic veins, generally of the leg or thigh, is 
brought on, as a rule, by prolonged standing (not 
walking) when in a weak condition. A familiar 
instance of it is found in young shop women 
living largely on white bread and weak tea, who 
have to stand long hours behind the counter. 
The reason why standing produces varicose 
veins and walking does not is this. In 
walking, the blood circulates quickly, and the 
mii.scular action of the legs alternately squeezes 
and relaxes the large veins, so the blood, by 
moans of the valves they contain, always opening 
one way towards the heart, is ever moving briskly 
back from the k'gs to the body. In standing, all 
this is reversed. The circulation is slow, and the 
blood stagnates ; the muscles no longer compress 
the veins so as to send the blood on. So it stands 
still in the veins, stretching them out in blue 
knots above each pair of valves, where the vessel 
bulges, giving the ajipearance of a chain of black 
gra)x\s or large currants, just beneath the skin. 
Cooks, also, standing constantly before a fire, are 
very liable to varicose veins. 

The dangers of this disease are twofold. The 
vein if large may burst, and severe baomorrhage, 
which is very hard to stop, suddenly ensue ; or 
the clot in the vein, called a thnymbus^ may break 
up, and small portions get into the circulation, 
with the danger of forming that embolism in any 
part of the body of which we have already spoken. 

Varicose veins are occasionally met with in 
other parts of the body besides the legs. 

Phlebitis. Phlebitis, or inflammation of a vein, 
forming a clot, or thrombus, is a painful affection 
with clotting in a vein, which may show no vari- 
cosities. Its cause may not so much be standing 
or sitting as cold or rheumatism, or some other 
irritant that sets up an inflammation of the veins, 
which makes it so sticky inside that the blood 
adheres to it and forms a clot. Of course, if this 
clot remains healthy, well and good ; but if it 
should become septic, from the entrance of 
germs, and so on, it is a source of groat danger. 
Large ulcers on the leg may form, which are very 
difficult to heal. Varicose veins may bo protected 
by an elastic bandage ; but in all these diseases 
of the blood-vessels a doctor must be seen. We 
must now turn to diseases of the blood itself. 
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DISEASES IN THE BLOOD 

Anaemia. A ve^ common diseaso in this 
connection is Anuemia, a pallor of the blood 
due to the deficiency in the number of the 
red corpuscles, or to a deficiency in their colour, 
which is no longer of a bright, vivid red. 
This pallor and poverty of the blood is readily 
detected if the inner side of the lower eyelid be 
turned down and examined, or the inside of the 
lower lip and gums inspected. The cheeks offer no 
guide, for many anecmic people have red cheeks, 
when the colour is fixed, and many without any 
anaemia have very pale cheeks from the thickness 
and sallowness of the akin. 

We must remember that these red corpuscles ‘ 
carry the fresh air to the tissues, and that in 
ana?nua their numbers and powers are decreased. 
We are not surprised, therefore, to notice that in 
anspmia breathlessness is a constant symptom, 
exactly as if there wore some disease of the lungs. 
We also get some palpitation of the heart tUid 
some constipation. 

This disease of anaemia is very common in towns, 
but particularly among those who live indoors, 
whether in town or ccnmtry. A woman living 
indoors in the Highlands is more likely to be 
auicmic than a flower woman wdio is ever in the 
ojien air in London. Indeed, the roses on the 
cheeks of these people is a great testimony to 
the value of outdoor air even in towms. 

One form of anaemia, ealled pernicious anwmia, 
turns the patient the tint of pea-green, and is a 
dangerous disease, dependent on some change 
in the nervous system. The best, cure is jilenty 
(d fresh meat, life in the open air, and iron in 
small doses. 

Leucocythaemia. Ixmeocythtemia is 
another disease of the blood, something like * 
anicrnia in that it produces great pallor of 
the blood, but quite different from it in its 
cause and effects. 

It is due, not to a deficiency or defect in the 
red corpuscles of the blood, but to a great excess 
of the white, which often rise to ten times their 
right number. It is connected with serious 
dis<^a.ses of the spleen, and is a very grave disease. 
Fortunately, it is as rare as amemia is common. 

Haemophilia. Haemophilia is another 
blood disease that is often the result of heredity. 
Those who have it are called “ bleeders.” The 
real nature of it is obscure, but it is believed to 
be some defect in the clotting power of the blood. 

It must be understood that if the blood were a 
simple fluid or liquid like gas or water, as soon 
as there was a leak or rent in the pipe it would all 
run away ; but in the healthy blood this is pre- 
vented by the ai^tion of clotting. When there is a 
cut or a wound of any sort, the blood soon 
ceases to flow, because when it reaches the air 
it Bolidifios into a clot, tluis blocking the mouth 
of the small vessel, and arresting the flow. Now, 
in “ bleeders ” the blood does not thus clot. 
With the slightest wound, therefore, they are 
liable to bleed to death. 

The cause was formerly supposed to be some 
deficiency in the number of skins the person had, 
but the real cause is in the blood. The writer 
has seen a child slowly bleed to death from a 


scratch on its tongue which could not be healed ; 
and many have died from the simple extraction 
of a tooth, the haemorrhage from w'hich nothing 
would stop. 

The condition is a very dangerous one. The 
late Prince Leopold was affoctt*d with it, and 
those who are subject to it are generally delicate in 
other ways, and have transparent skins. With 
care, of course, the bleeding may never occur. 
These two diseases are serious, and should be 
seen to professionally. 

We now turn to a consideration of blood 
poisons. 

Rickets. This is generally described as 
a disease due to some deficiency of lime salts 
in the blood. There is no doubt some poison 
circulating in the blood of rickety children 
arising from an excess of starchy or floury food 
and a deficiency of animal diet. Bad air, dark- 
ness, and damp also favour it. Deficiency of 
lime salts also causes it. Some time ago it was 
noticed that Glasgow children sufTered a good deal 
from rickets. Then it was discovered that the 
w^ato had no lime in it. 8o it was run through 
beds of lime before it reached tlie mains which 
supplied the houses, and the disease soon 
disappeared. 

We must remember thaf, all children are born 
exclusively animal h'eders, and not vegetarians 
at all. Milk is an animal, not a vegetable, pro- 
duct, and contains a great quantity of nitrogen 
and those salts that build up bone ; hence, 
strictly speaking, children need more animal 
food than adults, though not generally in the 
form of meat. 

No child can take any vegetable food at ail 
till it is at least- six months old, and not often 
then if he is kept too exclusively on flour and 
babies’ foods of different sorts. If he does not 
continue to take a large amount of milk each 
day, whicli may be supplemented wdth porridge, 
beef-tea, or broth, and, later, with pounded meat, 
he is likidy to develop rickets, and especially if, 
os well, he has not much fresh air or sunlight. 
There is a general softening of the growing ends 
of the bones, and especially in the limbs. The 
child’s wTists and ankles w'ill l>e found much 
thickened, as if there were bracelets wound there 
btmeath the skin. A row of knobs may be felt 
down each side of the breast -bone in front where 
the ribs join it. The head perspires profusely at 
night. The legs soon bend and the child becomes 
bow-legged or knock-kneed ; the ribs may bulge 
and the child’s forehead wnll get square. What is 
more important., the pelvis ofUm gets deformed, 
which in women is such a serious matter in child- 
bearing. 

Rickets is often called “ the English disease,” 
because, for some reason, it is supposed to bo 
specially prevalent in this country. Meat diet 
and plenty of fresh air and sun are natural reme- 
dies, but if the case is a bad one a doctor should 
be aeon. 

Gout. Gout is Ix'lievcd to be due to the 
oison uric acid circulating in the blood. This 
lood poison is generally formed from an excess 
of nitrogenous food, beyond the amount which 
the liver is able to deal with. There is a “ safety 
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valve” action in the body with regard to excess 
of this food, which cannot be stored up like 
sugar or fat ; but if the consumption exceeds 
what can be thus dealt with, instead of the 
ordinary urates being formed by the tissues, a 
certain amount of uric acid is introduced into 
the blood. 

Now, the difference between the two — and it is 
an important one — is this. Urates are easily 
soluble, uric acid is not ; and we have already 
seen the great danger of circulating solids in the 
blood, in the case of embolism. Here, however, 
it is not that the arteries are blocked, but this 
irritating acid circulating freely in the blood — 
though a small part of it is taken out of the body 
by the kidneys, in the form of red sand in the 
urine — causes heat and pricking in the various 
tissues, and often uniting with the soda in the 
blood, forms urate of soda, or chalk-stones, which 
are dejiosited where the circulation is sluggish, 
as in the ear and the small joint at the extremities 
of hands and feet. These sharp crystals are like 
bits of glass, so it is no wonder that the agonies 
of gout are proverbial. Tht^se particles are not 
only deposited in the big toe and elsewhere, but 
irritate the blood-vessels all along their course, 
making the w^alls thicker and giving the heart, 
therefore, more work to do in pumping the 
blood through them. Every organ of the body 
becomes rather more difficult to work as this 
poison circulates ever3rv\here. 

There can be no doubt that if less beer and 
wine were drunk, and less beef eaten, gout 
would soon became a rare disease, although, 
as it is strongly hereditary, it would probably 
take four generations to remove any tendency 
to it. Once an attack occurs, it is very apt to 
recur, and is eventually the cause of an incurable 
disease. Like most blood poisons, no part of the 
body, even the skin, remains unaffected. This 
is a prevenUible disease, for there is no need, 
even when there is a predisposition to it, for 
anyone to have gout. The natural remedies 
for gout are three or four glasses of hot water 
drunk daily (not near meals) and careful diet. 

Jaundice. Jaundice is the result of bile 
circulating in the blood. The body all over, and 
even the whites of the eyes, the tongue and gums 
turn yellow of a more or less vivid hue. It is 
caused by the blocking up of the bile duct in 
various ways, thereby hindering the bile from 
reaching the bowels, there to be evacuated, 
and serving in its passage as an antiseptic and a 
laxative. The results of its getting into the 
blood are not only that the skin is coloured, 
but constipation at once sets in, and what is 
passed is very pale; while at the same time the 
l>ile circulating through the kidneys in the 
blood, the urine is loaded with it, and becomes 
high-coloured. There is also a feeling of illness, 
and if the offending cause that blocks the 
passage be a gallstone, there is agonising pain 
in the right side below the liver. The most 
common cause, however, is inffammation of the 
duct from severe chill, which temporarily closes 
it. People suffering from this variety soon get 
well. Laxatives are always requiiod, an^diot 
baths are good. “ 
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Diabetes. Diabetes is the circulation of 
sugar in the blood in such quantities that it is 
passed by the kidneys into the urine in laige 
amounts, thereby depriving the body of its 
principal food, and so reducing it to a state of 
starvation. 

The disease is soon recognised ; the patient 
gets thin and emaciated, and craves for water, 
as the amount of urine is so greatly increased 
that the body is drained of fluid os well as of 
nourishment. The skin gets harsh and dry, and 
there is a sweetish smell perceived. On analysis 
the urine is found to be doubled or trebled in 
f|uantity, and loaded with sugar. When the dis- 
ease is ^covered a doctor must be seen at once. 

Rheumatic Fever. It is not proved that 
rheumatic fever is due to a poison circulating 
in the blood, but it is not proved that it is not. 
It may bo the work of some undiscovered 
microbe; theories about it are still legion; but 
it is convenient to allude to it here together 
with gout and rheumatic gout. 

Tt is a disease characterised chiefly by agonis- 
ing pain in the larger joints, acid sweats, and high 
temperature. It is popularly believed that the 
acid sweats are Nature’s attempts to get rid of 
the poison, through the skin, that may cause the 
fever. The poison has been supposed by some 
to be lactic atnd. On the other hand, the tem- 
perature looks rather as if Nature were attempt- 
ing to kill some microbes by heat. It must be 
acknowledged that we do not at present know 
the real jetiology, or cause, of this disease. 

At any rato, the younger the person is the 
more dangerous is the disease, for it is then 
more liable to attack the heart, which is indeed 
the principal thing to be dreaded. Whereas in the 
limbs all the effects of tlie attack pass absolutoly 
away, when the fever is over (in a month to six 
weeks), in the heart the injury, though not always 
its effects, are life-long. This disease, together 
with scarlet fever, are the two most common 
causes of valvular disease of the heart. 

Rheumatic fever seems often to be in part 
the result of exposure to damp and dyspepsia. 

In the limbs it differs from gout in attacking 
the larger joints rather than the smaller, and in 
never depositing any chalk stones. Every joint in 
the body may in turn be attacked by rheumatism, 
for here, again, it differs from gout, in moving 
from one spot to another instead of keeping 
to the same joint. 

One bad feature of rheumatic fever is that it 
tends to return. Sometimes the rheumatism is 
chronic and lasts for months with no fever or 
sweating, but with painful and swollen joints. 
The utmost care is required in the medical care of 
this disease, and a skilled physician is required. 

Rheumatic Gout. In rheumatic gout we 
get a disease that is as prevalent amongst the 
poor as gout is amongst the rich, though no law 
can be laid down, for we find both poor and well- 
to-do patients martyrs to rheumatic gout. 

It is cei’tain, however, that it is caused by 
poverty, want and exposure. It is very common 
amongst the poor Irish, and in country places 
where there is much exposure to cold and damp. 
It differs from rheumatism in being very chronic 
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and slowly increasing in severity as it invades 
and cripples joint after joint. The joints that are 
attacked are more or less injured by it and 
seldom get perfectly sound again. They are 
thickened in some parts, eaten away in others, 
and often get quite stiff, with more or less pain. 
There is little fever, but the disease is constantly 
progressing unless very vigorously opposed. 
The larger and smaller joints are alike attacked, 
especially the knees and the fingers, which are 
bent crooked. 


DISEASES OF THE HEART 

We must now turn our attention to diseases 
of the heart. The study should prove both 
interesting and profitable on account of the 
advance of our knowk^dge concerning them. 

Palpitation. Palpitation of the heart is 
a common trouble, and, though it affects the 
heart, is by no means primarily due to it. To 
understand its most common cause we must 
understand the relation of the parts. The 
stomach is just below the heart, separated from 
it only by the thin muscle of the diai^hragin ; 
so that the heart really sits on the hinder end 
of the stomac'h pretty much as a Margate 
donkey boy sits on tlic latter end of his ass. 
The results are similar in both cases. When 
the donkey is frisky and activ<», the boy shakes 
u^) and do^^^l, pretty much in tlu^ same way as 
the heart pal}>itates on a distended and active 
stomach. The general cause of palpitation, 
therefore, is some digestive trouble. “ Pain 
in the heart,” too, is really pain from flatulency 
in the colon, or large bowel, immediately lx?low\ 

Angina. There is, however, one form of 
painful spasm of the heart calhxi Angina^ from 
which General Gordon suffered all his life. It 
is of an agonising character in common with all 
spasms, and cannot be confounded with anything 
else, especially as the person looks and feels 
extremely ill at the time of the attacks. 1'he 
real cause of it is not knowm. 

Fatty Degeneration. The dangerous con- 
dition of the heart known as Fatty Degenera- 
tion is practically w^holly preventable, arising 
as it does from want of exercise, combined 
generally with tt^o much food. It is dangerous 
because in it the muscular walls of the heart are 
partly changed into fatty tissue, and cannot be 
relied upon to stand the strain of the violent 
contractions that go on seventy times a minute 
night and day as the blood is pumped round 
the system, it is a condition not uncommon 
in stout elderly people who are too ignorant 
or lazy to live hygienically. 

Weak Heart. A weak heart arises through 
no disease of that org*in, but generally means 
that if the body be below par the heart 
shares in the common weakness. The ex- 
pression is, however, ^^eatly abused, and is an 
example of the way in which healthy hearts 
are so often treated as diseased. 

This weak heart is often supposed to be the 
result of a “ strain,” wliich requires rest and 
care, whereas the truth very often is that its 


“ weakness ” is really the result of too little 
exercise. Dr. Goodheart says : “1 know of no 
symptom of a weak heart.” Yet, the use of 
the term leads either to a state of nervous 
dread, from which recovery is most difficult, or 
to a life of luxurious idleness, which, by the 
enervation it causes, is likely sooner or later 
to lead to the end it seeks to avoid. 

Enlargement of the Heart. Enlarge- 
ment of the heart may be of two kinds ; the 
one is w^eakening and dangerous, the other 
is strengthening and safe. They are called 
dilatation and hypertrophy. 

In dilatation the wall of the heart is circularly 
stretched and thinned, generally by some over- 
exertion at a time of weakneas. Racing in any 
form, rowing, running, walking, cycling, may 
cause it ; so do other violent athletic sports 
calling for groat exertion such as “ putting the 
hammer ” ; so do exhausting sports such as 
“ hare and hounds.” It is, of course, as a rule, 
a preventable condition, though, perhaps, some- 
times unavoidable, iis, for instance, when a person 
has a weak heart, for it is certain as kmg as it 
exists no further strain should be undergone. 

Hypertrophy is the opposite condition, when 
the heart is enlarged, not by the walls being 
stretched and thinned, but by the whole organ 
Ix^ing enlarg(^d and thickened, so that the lu^art 
may in some eases become double its ordinary 
size. This depends really upon valvular di.scase. 

Valvular Disease. Here w'e approach 
a subject of gi’cat interest. A man may bo 
practically in good health till he dies from some 
other cause, at an advanced ago, having suffered 
valvular disease of the heart all his life. 

The explanation is this. The heart is a 
force pump that sends forward four table- 
spoonfuls of blood at each stroke into the 
circulation. The blood is prevented from re- 
turning by valves, and in rheumatism these 
valves may thicken at the edge, so that, like a 
public-house door, they will not quite close. 
The result is that when the heart contracts only 
three tablespoonfuls of blood may go forward 
and one may go backwards. Valvular disetuse of 
the heart has thus the effect of causing the heart 
to do more work. If at all severe the organ 
may be called to do one-fourth more than the 
work of a sound heart has to do. This would 
naturally tax it severely were it not for the 
vis medicatrix naJt.urm, the force that the un- 
conscious mind uses in presiding over and 
adjusting tlie mechanism of every system of 
the body. In this case the problem is solved 
simply by making the heart Ix'gin to grow 
again, until it has grown one-fourth larger, 
and thus do for its size exactly the same amount 
of work that the smaller sound heart does for its 
size. This practically restores the person to 
health, for, the leakage l>cing thus compensated 
for, it is to all intents and purposes non- 
existent. Should the leakage, if it exist, fail to 
bo compensated by Nature, we have now means 
of restoring the heart’s power which wore utterly 
unknown a few years ago, so that even in this 
case there is every prospect of a return of health. 


Continued 
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A LITTLE energy exercised in the right direction 
^ will often prolong the life of many millinery 
materials, while, with good taste and a little 
ingenuity, it is sometimes quite possible to 
}ier8uade a piece of ribbon, or a length of miroir 
velvet, for instance, to do double duty. A dis- 
carded hat, under the microscopic eye of a clever 
milliner, will very often be found to possess some 
shabby ribbon or lace, which needs very little 
renovation to make it fresh enough to help to 
trim another hat. We will run through the 
different materials, and show how they may be 
simply and effectively renovated. 

Velvet. To raise the pile and take out plush 
marks the velvet must be steanu^d. First brush 
and lake out all the old threads ; then heat the 
iron and get someone to hold it face upwards. 
Cover it with a wet cloth, and hold the back of 
the velvet near the iron over the steam, which, 
rising through, will raise the pile. Keep the cloth 
moving to prevent it from scorching and to get 
sufficient steam. When it has been steamed all 
over, remove the cloth, and run the back of the 
velvet lightly over the iron to dry it. 

Light-coloured velvets are cleaned by gently 
rubbing the pile with a piece of velvet which has 
been dipped in paraffin. If velvet is spotted only, 
nib on the spots some butter, bacon fat, or olive 
oil with another piece of velvet. Iron in the same 
manner as before to raise the pile. 

Velvet must never be ironed flat on a table, 
unless a miroir effect is required. In that case, 
iron the pile in one direction, when a light, 
silvery look will be obtained. 

Fast-coloured light and dark velveteens, and 
light velvets which are too soiled for cleaning by 
the above method, may be washed in a lather of 
soap made in this manner : shred some soap 
finely, and let it melt ovef a fire with just enough 
water to cover it till it dissolves. Pour as much 
as will be required in a basin, adding hot water, 
when a basinful of soapy lather will be obtained. 
Dip the velvet in it till it is clean, and then hang 
it out to dry, but do not squeeze it or the pile will 
be spoiled. Then iron it as directed. 

If the velx.et is very much soiled, lay it on a 
table or board and scrub it with a clean brush 
the way of the pile, till all the dirt has gone. 

Ribbons. To renovate velvet ribbon with 
satin back, hold some tissue paper between the 
ribbon back and a hot iron, ana run the ribbon 
backwards and forwards over it. If it is badly 
creased, sponge the satin side with ammonia and 
water, and iron it in the same way. Get someone 
to hold the iron face upwards, or pin one end of the 
ribbon to the table, or something heavy. 

Ammonia varies very much in strength. Two 
teaspoonfuls to one breakfast cup of water is an 


average proportion. 
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To stiffen ribbon, put it between two pieces of 
tissue paper on an ironing blanket. Place a 
heavy hot iron (No. 8) firmly at one end, and pull 
the ribbon through. Keep the iron stationary, 
and repeat until the ribbon is free from all 
creases. If a very stiff ribbon is required, sponge 
it after it has been cleaned with gum arabic and 
water (two teaspoonfuls of gum arabic to J pint 
of water) ; leave it to dry on a table or board. 
All ribbons, silks, and laces must bo pressed on 
the wrong side and between tissue paper to 
prevent a gloss. 

To clean black satin and corded ribbon, 
sponge it with ammonia and water or cold tea. 
Finish as for stiffening ribbon, drawing the 
ribbon l>etween the tissue paper and ironing till 
quite dry. 

Miroir velvet should be washed in soap jolly, 
not squeezed, but hung out to drip and dry. 
Iron it while very slightly damp in one direction. 

To clean ordinary ribbon, scrub it with soapy 
water, or alcohol and water. Kinse it in several 
clean waters ; do not squeeze it, but hang it 
out to dry. Finish as before. 

How to Clean Furs. Most furs can be 
cleaned with hot bran. Place a dish of bran in 
the oven. Heat it right through, and rub it well 
into the fur ; if much soiled, repeat this process, 
using now. very hot bran. Shako out the fur, and 
comb it. Sable?, beaver, white and pale grey fox, 
grey astrakhan, and skunk can all be cleaned in 
this way. 

Ermine and other white furs are cleaned with 
moist bran, rubbed in till dry with a piece of 
flannel. Then mb it over again with dry, hot 
bran and magnesia. Shake it well, and comb it. 
White wool, swansdown, and similar wffiite furs 
used for children’s millinery and pelisses are 
washed in soap lather, dried, and shaken out 
before a clear fire, llie woolly kinds will want 
combing as well. 

Benzoline can also be used for cleaning light or 
dark furs. Rub it in with a clean cloth, but bo 
careful not to stand near a light, as it is very 
inflammable. 

To clean ospreys and aigrettes, make a lather 
of white soap and tepid water. Hold the osprey 
with the left hand, and pass the first finger and 
thumb of the right hand from stem to tip. Repeat 
until quite clean. Rinse in tepid water. To 
dry it, shake it in the air, or hold it before a 
clear fire. 

Coloured ospreys are cleaned in the same way. 
but will need dipping again, for which Maypole 
soap can be used. 

White and light feathers and tips are done in 
the same way, beaten dry on a board which is 
thickly covered with flannel. Beat them alter- 
nately up and down to separate the fibres. 





To steam a feather, hold it with its back to the 
•pout of a kettle of boiling water til! all the flues 
are nearly straight. Be careful that the feather 
does not become quite wet. While still damp, 
idiape the stem, bending the tip slightly, and cut 
away any irregularity in the flues. Let the feather 
dry before curling. 

Feather Curling. Hold the feather in 
the left hand, with the outside of the feather 
towards you. Start curling from the bottom, with 
a curling knife. If one is not obtainable, use a 
blunt instrument — a butter or a fruit knife. Take 
up some flues and gently draw them over the 
e^e of the knife towards you, holding the flues 
with the thumb and forefinger. Drawing the 
flues towards you in this way causes them to curl 
back over the finger. Repeat this all round the 
feather, curling the tip at tlie point only. Do not 
curl the feather too tightly. Practise on an old 
feather to obtain the knack. 

Feathers are imported from Cairo, Tunis, and 
other parts of North Africa in their rough state, 
and the mounting of them forms quite a separate 
trade. Even to curl a feather requires some 
considerable practice, as there is a tendency to 
make a curl too tight or not tight enough. 
Feathers can be had from in. long to about 
27 . in. long. Seven or eight of them in their 
rough state are often put together to make one 
handsome long one. 

Feathers can be bought which are used as an 
entire trimming of about I yd. long. Short 
feathers are called tips. Feathers that are only 
slightly out of (!url should be shaken before a 
clear foe. Care should be faken not- to hold black 
ones too near a fire, as they are likely to get a bad 
colour. 

The fashions change in feathers as in all things, 
and they are either stiffly or loosely curled. 
Occasionally uncurled feathers are in demand, 
but these are seldom in favour. Very full- looking 
feathers have a pass over the stem. In this case 
the stem is hidden by the flues cnissing over it 
from side to side. 

Renoiration of Hats. Black and dark- 
coloured felt hats may be revived by being 
sponged lightly w'ith diluted ammonia, and some 
good can be done by ironing it over with a darh^ 
damp cloth (not a white one, as the fluff might 
show on the dark felt). If the crown is softened 
by a heavy trimming, much stitching, or is 
damaged by the use of hatpins, it can bo brushed 
with gum on the inside and left to dry on a 
block or the nearest improvisation of one that 
can be managed. Do not damp a felt very much 
before ironing it, as it stretches it consiaerably. 
If the felt is a good one, it is well worth having it 
cleaned professionally. 

Felt, flop, and beaver hats may be cut and 
bent in a great variety of shapes. Cut away the 
edges with a sharp penknife if the shape is to 
be reduced in size. Smooth felt flops can be cut 
away with sharp scissors. The brims can be cut 
up, a piece taken out, wired round, and from 
ordinary round flop shapes an innumerable 
'.variety of hats, toques, and children’s bonnets 
can be made. 


White felt is cleaned with powdered pipeclay. 
Leave it on for several hours, then heat and 
shake it out. Stale bread, bran, tissue paper, or a 
thin paste of magnesia or flour left on till dry 
and then brushed off, can also be used. 

Grey felts are cleaned with hot bran. 

Light brown and fawn felts are cleaned with 
hot fullers’ earth or oatmeal. 

Velvet hats can be renovated, and quite a 
new model made, by taking off the crown and 
making a higher or lower one as may be wished 
in spatrie or buckram. If the velvet for covering 
is not sufficient for the new crown, help it out 
by trimming it with fur or a ruche of ribbon oi' 
tulle. A transparent lace crown, made of wire 
and covered with lace, will look very well. It 
should lx> nipped in the headline or, if a larger 
crown is desired, made separately, and when 
covered, secured to upper brim. 

To alter the brim, unpick the velvet carefully, 
cut to shape required, bind the edge with folds, 
and trim. If an (enlargement is w^antod, sew on 
wire supports of IJ in. to 2 in. beyond the brim. 
Nip on a new" edge wire and cover either with 
lace tulle or elieriilie laced over and under the 
wires or any other way preferred. The rest of 
the brim can again l)e covered with the velvet, 
and the effect w-ill be entirely different when 
finished. 

Straw Hats. Straws must be well brushed 
with a soft brush and the rough kinds with a 
piece of velvet to quite free them of dust. 
Steam them beffore the spout of a kettle filled 
with boiling water. 

Bright black straws may bo brushed over 
with hat varnish, ink and gum, or ink and white 
of egg. 

Fine braid or chip straws with sw^eet oil mixed 
with ink. Put it on with a small brush, and rub 
the hat dry with a piece of velvet. Straw hats 
may be ironed when not too coarse or fanciful 
in pattern. Remove all wires, place the brim 
flat on the table, the crown coming over the edge, 
with a damp, dark cloth for dark liats, or light 
one for light straws. Press firmly and slowly with 
a warm iron round the brim. Iron the inside of the 
crown carefully. By stretching or contracting 
while ironing, a 8}iai)e can be much altered. If, 
however, it is to be made in an entirely different 
shape, it must be unpicked and worked up again. 
Before doing this, see if the straw is worth 
it, as some break and chip; only very good, 
soft ones are worth remodelling and occasionally 
turning. 

White straws, if only dusty, can be washed in 
soap and water. If (iirty use a teaspoonful of 
salts of lemon or a pennywortli of oxalic acid to a 
pint of boiling water. Scrub the hat. Be careful 
that the hands have no cuts, as the acids are 
poisonous. Iron in 8hai)e under a white cloth. 

White hats may be stiffened with gum water. 

Tlio gum arabic should be dissolved in water, 
diluted with more water till the required stiffness 
is obtained, and brushed over the hat, Leghorn 
hats brushed over with white of egg will give 
a gloss. 

Straw hats can be remodelled by steaming. 
Remove the wire from the edge. Place a damp 
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cloth over the brim, and when pressing contract 
or stretch the straw. In this way a flat shape 
can he made to turn up at the front or sides, 
and a boat sha]X^ or Gainsborough hat can be 
pressed flat. 

IV) enlarge a straw hat add one or two rows 
of straw plaits. Headlines may be enlarged by 
cutting away one or two gussets. To renovate the 
sides of crowns where the hatpins have cut and 
worn the straw, sow pieces of straw underneath 
the weak part. To heighten a straw crown, cut 
away the crown. Sew one or more rows of straw 
and sew the crown on again. Other straw may 
be used, as most likely it will be hidden by the 
trimming. 

How to Clean Flowers and Lace. 

Good flowers, if only crushed and not faded, may 
be steamed before the spout of a kettle of boiling 
wat<*r and hung up to dry. When nearly dry, 
curve the petals with nipix^rs. 

Velvet flowers can bo steamed, the edges cut 
and shaped while slightly damp. 

Rusty steel ornaments are cleaned by rubbing 
the ornament on a thick carped, or rubbing it 
with brickdust, left to dry, brushed off, and the 
ornament polished with a leather. 

Gn^ase spots on silk may be removed by placing 
blotting or brown paper on the spot and using 
a hot iron. Re careful the colour does not 
fly in the operation. 

Lace may be washed in soap jtdly and rinsed in 
cold Avater. Always iron lace on the wrong side, 
on a thickly-covered ironing board with the 
])oints awjiy from you, ancl under muslin or 
tissue paj)er. 

Guipure, Irish, and other similar kinds of 
lace should be washed in tepid water, shaken, 
pinned on to a board, and left till dry. It must 
not b(‘ ironed. To tint lace, dip it in weak 
coffee or tea after rinsing out. 

To ch^an gold lace, sew it up in a clean muslin 
bag, and boil it in soft, soapy Avater ; then 
linse it in cold. If tarnished, apply some warm 
spirits of AA'ine to the spots. Another method is to 
clean it Avith rock ammonia. 

To clean silver trimmings, rub it with some 
finely- poAA^dered magnesia. Leave it for some 
hours, and then rub it again with a soft rag, and 
brush out all the magnesia. 

Black lacc should be brushed with a soft brush 
or a piece of velvet to get quite clear of dust. 
Soak it in j)re pared tea made of one dessertspoon- 
ful of tea, Iwo Uuispoonfuls of gum arable, and 
three pints of boiling water. Iron under tissue 
paper. Another method to restore the colour of 
black lace is to soak it for about ten minutes in 
milk, patting the lace occasionally. Finish as 
before. 

SilK and Crape. White and light-coloured 
silk must be washed as quickly as possible in a 
lather of tepid water and soap jolly. Rinse it out 
tAA'ic^c and use t wo dessertspoonfuls of methylated 
spirit to the half-i)int in the last rinsing-out 
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water to bring back the gloss. Roll up, iron under 
muslin with a nloderatoly hot iron. When nearly 
dry, iron without the cloth. 

Coloured silks are washed as described above, 
but should be rinsed out in cold water in which 
one tablespoonful of salt and one tablespoonful of 
vinegar have been added to preserve the colour. 

Clean coloured silks with a solution of ammonia 
and iron when damp. 

Wind the crape on a roller or bottle. Tack the 
edges. Pour boiling water into a largo basin. 
Lay the roll of crape across the basin so that the 
steam {lenetrates. Keep the roll moving to 
prevent it becoming spotty. Do not touch the 
crape while it is damp. Cut the tacking stitches, 
and stand it in a warm place to dry. All hats, 
whether straw, velvet, or felt, should be well 
brushed after wear, and before being put away. 

If of good quality, chiffon renovates very 
satishictorily. Wash in soap jelly, rinse in tepid 
watt^r, do not squeeze or rub. Dab it dry in a 
clean white cloth, and iron while still slightly 
damp between a white cloth and tissue 
paper. 

Examinations. The City and Guilds of 
London Institute hold annually examinations in 
millinery in two graders — the Ordinaty, and the 
Higher or Evening School Teachers’ Certifleate. 

The first is divided in three sections : j(l) 
Practical ; (2) writUm ; (.3) specimen work done 
by the candidate in class or at home. Candidates 
must pass in the three divisions to obtain a 
eertifuiak^ either in the first or second division. 
Fee, 28. 6d. for class students ; 7s. Od. for external 
candidates. 

For the practical examination, the candidate 
must be prepared to do any piece of practical 
AA^ork covered by the syllabus. 

The writkm examination comprisc^s questions 
concerning various kinds of shape- making, shape- 
covering and stitches ; manipulation of velvet, 
silk, straw, crepe, Avire ; renovations ; children’s 
millinery ; estimate of quantities and costs ; 
suggestions as to colour and trimmings. 

Spe(;imen work varies each year — usually one 
or two shapes to be copied from a given skekh, 
and one trimmed hat or toque. 

Silver and bronze medals, with money prizes, 
can be obtained. * 

To enter for the Evening School Teachers’ Ex- 
amination candidates must be nineteen years of 
age. The syllabus includes questions on methcxls 
of teaching, class management, equipment and 
arrangement of the rooms, besides questions on 
the technology of the subject. 

A certificate of the Board of Education in 
either blackboard or freehand drawing is also 
required. The practical test includes various 
specimens of candidates’ work, some of which 
can be made half-size. The fee for this examina- 
tion is £1, and candidates pass either in the first 
or second division. They must have attended a 
“ recognised training-schotfl ” of instruction for 
not less than 200 hours. 

jollomd by Milk’s Hats 
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under proper control no tool is more 
^ useful to the woodearver than the parting, 
or V*tool ; until mastered, none other is so 
dangerous both to the workman and his material ; 
when blunt none so utterly intractable. It is 
used in four several ways. 

Using the V Tool. If working in soft 
wood, grasp the handle firmly with the right 
hand, letting the butt rest in the hollow 
of the palm ; seize the blade with the left, 
knuckles upward ; bury one half to two- 
thirds of the cutting edge in the wood; 
push it onwards, on an even 
keel, keeping the same depth, 
guiding it with both hands, but 
forcing the blade onwards through 
the substance of the wood 
chiefly with the right f29]. Draw 
a few straight, curved, waved 
and zigzag lines on a piece of 
waste wood, and endeavour to 
follow thorn with the V, ever 
keeping the guide-line midway 
between the tvings of the tool. 

Next draw parallel lines at dis- 
tances varying 
from in. to 
^ in. Cut out 
the intervening 
wood, letting each 
wing of the V 
just touch a line. 

Next attempt 
circles. Beware of 
the tool a 
I one. side, 
esiiecially when 
turning a sharp 
curve, lest the 
inside wing should 
bury itself and 
splinter the wood ; 
rather press more 
heavily in the 
opposite direction. 

When one vein 
crosses another, 
the wood is apt to 
break away at the 
junction. Should there appear to be any danger 
of this happening, start the cross cut from the 
point of intersection, and work away from it 
in either direction. 

In a second method, for delicate work, and for 
negotiating comers and curves, the back of the 
left hand is rested on the wood, the blade ^ing 
guided by the thumb and two fingers, while all 
the pushing is done by the right [fi)]. 

Thirdly, if the wood be hard the tool is grasped 
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midway Avith the left hand, knuckles upward, 
and driven forward by repeated strokes with the 
mallet upon the butt of the handle, guiding the 
direction of the groove and regulating its depth 
quite as much by the impact of the blow as by 
the pressure of the left hand [31] 

Tlie blows may be given with the open palm 
of the right hand [32]. For many purposes 
the rapidity and delicacy of this last manceuATe 
cannot be excelled. 

The Fluter, Veiner, or U Tool. What 
has just been said about the position 
of the hands, the employ- 
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ment of the mallet, and the 
“ palm-tap,” will apply equally 
well the fluter, with one 
small exception ; it is rarely 
advisable to sink the trough to 
its full depth with the first cut, 
unless the carver be an adept 
and quite certain of his touch ; 
it is far safer to burrow out the 
hollow little by little, working 
betw^een double lines. 

Set out the border [37] on 
a strip of deal. 
Work it with 
either tool, using 
the two - banded 
method. 

Set out the panel 
design [35] on a 
|-in. oak board, 
carve it with the 
V tool and mallet. 
Try each with the 
“ palm- tap.” For 
making circular 
hollows with the 
fluter, split the 
wood at an angle 
of 45® at any point 
of the circumfer- 
ence ; continue till 
the whole circle 
has been traversed 
and the loosened 
chips removed-, 
then, with a single 
sweep, let the tool ro-travel the whole distance, 
tilting it the while, that one arm may cut 
away the ridges winch were left on its former 
journeys. 

Drilling and Notching. For drilling 
small holes, such as “ eyes ” of leaves, hold 
the fluter perpendicular to the wood, rotating 
it rapidly between the open palms of the 
hands, at the same time exeroising a slight 
doAvnward pressure. It is surprising how quickly 
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a plank an inch thick can be pierced by this 
little manoeuvre [38]. 

Notching is a favourite style of ornamentation, 
for which either the U or V are suitable tools [10 
or 6]. Drive a perpendicular 'cut into the 
wood to a depth of about J in., then, re-entering 
the tool at the required distance from the con- 
vexity of the gash, let it sink 
deeper and deeper until the groove 
reaches the bottom of the first cut ; 
a slight tilt inwards with each _ 
wing of the tool will free the chip. ! I 

The Punch. The design can I ^ , 
be emphasised by stamping certain j ' 
portions of the uncut surface with . 
a punch [41]. Hc<ld the punch I ^ 
firmly l)etwocn the fingers and | | 

thumb of the left hand, in such a 
manner that the lower end of the 
tool may just free the panel ; strike 
it smartly with the maul, that its 84 . 
pattern may indent the wood ; rest 
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of walnut ; work it out with a flulor, or U tool, 
and four-pointed punch. . 

Ambidexterity. When complete command 
over these tools has been attained, the student 
should learn to use them left-handed. The 
ambidextrous woodcarver has a great pull over 
a man who can only work right-handed ; as the 
run of the grain varies, so can he 
change his tool from one hand to 
the other and follow it. In chip 
carving, especially, the time saved 
by not having continually to un- 
fasten and refasten his wood, in 
order to turn it upside down, is 
very considerable. 

Flat Carving. Flat carving 
consists in cutting away certain 
portions of the surface of the wood, 
leaving the untouched parts as a 
raised design. Transfer the Jacobean 
I)anel [48] to a white deal board 
24 in. by 11 in. Follow as much 
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the left wrist upon the 
bench, that it may offer 
sufficient resistance to enable 
the tool to recover its posi- 
tion l)etween the strokes. 

Keep the punch constantly 
travelling in a haphazard, © 
irregular fashion over the 
surface, since this gives a 
much more pleasing effect 
than if the indentations were 
parallel to one another. 

Do not use too sharp a tool — 
its duty is to punch, not to prick. Plain bands 
may be embellished with an occasional stamp 
with a circular, star, or dagger-shaped punch [42]. 
The keyholes of fifteenth-century chests were 
sometimes ornamented with patterns punched 
with the edge of a gouge [84]. Set ou|9llfie 
design for an occasional table [36] on a piece 
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of the outline as possible 
with a carver’s knife or 
skew firmer. Hold the knife 
in the right hand, the edge 
of the blade pointing in the 
direction in which it has to 
travel. Let the point pene- 
trate the wood to the re- 
quired depth. If working 
away from oneself, or from 
right to left, push it along 
with the left thumb, guiding 
with fingers of left, and 
pulling with the right when in a contrary 
direction. Avoid cutting against the grain, and 
follow the course of the arrows. The skew 
firmer may be used similarly, and with the same 
precaution [38], or a straight firmer, if it be 
tilted sufficiently to allow the front point to 
clear the surface. 
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If the wood be hard or the dt^igii complicated, 
the outline must be followed by selecting suitable 
tools to fit its varying contours, these being 
driven home with the mallet or forced into the 
wood by throwing the weight of the bcxiy forward 
upon them [89]. Slope the cut slightly outwards 
from the pattern. 

Fiequently, the 
margin will be 
found to present 
a rounded edge, 
or to show the 
ridge where two 
cuts may have 
oveiiappt»d. The 
latter may 1^ over- 
come by selecting 
gouges of a rather 
flatter sweep than 
the convex curve 
to bi^ travelled, or 
a trifle quicker for a concavity, 
and by letting each (!Ut over- 
lap its neiglibour; the former, 
by running a trough with a 
V tool within in. of the out- 
line. When the lirmor or gouge 
is used later on it will be found 
that the wcK)d will break away 
into this, leaving a sharp margin 
on the other side. Again, when 
firming in the vicinity of sharp 
points or w^eak places, the t(M)l 
should be enteroxl at a wide 
angle at some little distance 
from the outline, then nearer at 
a lessor angle, and so on, until the dangerous 
point is i*eaehed safely [45]. 

Difficulties Presented by Grain. 
Superfluous wood must be removed to a given 
depth in the intermediary space's, which is 
accomplished lirst with quick gouges, then with 
fiat gouges to further level th(^ floor, and lastly 
with flat grounders. In doing this, the difiieulty 
of grain will again obtindo itself, for it seldom 
runs t'xactly parallel with the surface, but dips 
either one way or the other, Ica-diiig the earviT 
U) bury his tool too deeply, splintering the wood, 
or undc^rcutting the pattern. To overcome these 
dangers, several precautions must be taken. ( 1 ) 
When til’s t t'lxing the panel on the bench, look at 
its edges and place it so that the grain may trend 
upw^ards from right to left ; (2) should it be 
irregularly wavy, constantly change the dimetion 
of the cut to follow its upw^ard curve ; (3) use very 
sharj) tools ; (4) Buppt>rt the shaft of the blade with 
the right hand [40] : (5) always 
work a trifle obliquely to the grain ; 

(6) glide the tool along with an 
onward and at the same time cir- 
cular sweep, slicing the wood 
rather than making an abso- 
lutely straight cut through it ; 

(7) make sure that the firming 
cuts are of their full depth, especially in the 
neighbourhood of weak pl^es and sharp points. 

A Much Abused Tool. The router [18] is 
invaluable for rapid grounding. Hold it tightly 
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with both hands and push it backwards and 
forwards with gradually increased pressure, 
letting it travel over the entire ground until 
its flat under surface rests everywhere evenly 
upon the face of the panel. Finish comers, into 
which it cannot penetrate, with skew grounders. 

Most manuals de- 
cry the use of this 
handy little tool 
in no unmeasured 
terms. After all, 
it is the carver's 
object to remove 
waste wood, and 
though it is per- 
fectly right he 
should l(^arn to do 
this neatly, with 
very flat gouges 
and grounders, 
there is no reason 
why he should waste valuable 
time over an unimportant de- 
tail of the work which he can 
accomplish twenty times more 
quickly with the use of the router 
tlian without it. 

When a perfectly level floor 
has been smoothed out, it may 
be stampt^d with a punch to 
throw up Ui© pattern into 
stronger relief. It was not an 
uncommon practice in the 
fourteenth and fifteenth cen- 
turies to }>aint or gild the 
ground, afUu’wards indenting it 
with geometrical designs or dialers. Occasion- 
ally it was loft rough intentionally, the con- 
trast with the polished surface of the design 
answering the same purpose as stamping. By 
l>evelling the top edges of a pattern at a wide 
angle and slightly undercutting the bottom 
ones, a pleasing effect of light and shadow, 
suggestive also of greater depth, is gained. 
Sloping a Flat Surface. The next 
stop forward is to slo|)e the flat surface of the 
pattern. In its very simplest form, folds, turn- 
overs, and interlacements are suggested by a 
touch of the firmer or V tool ; or it is scored 
with the veiner or V to simulate the veins or 
irregular margins of leaves ; or lowered in 
places to imitate the apptmranee of an overlay. 

Sot out the Jacobean panel [49]. Firm the 
outline of the outer shield and ground out as 
before, following the course of the arrows [44], 
Now carefully firm the inner shield, lower to in. 

in its immediate vicinity, fiien 
with very flat gouges gradually 
merge the depression into the 
flat surface of the design, smooth- 
ing finally with broad grounders. 

Sink with a flat firmer or 
gouge at AA to ^ 
starting from BB, slope down 
to the bottom of the cut. 

The inner line on the border of the top shield 
is made either with a tiny V tool or by simply 
scoring the surface with suitably shaped too’s. 
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Kibbon wavings introduce another modifica- 
tion — ^namely, rounding on the flat. 

Rounding on the Flat. Transfer the 
design to a panel of white deal [47]. Firm the 
outline as far as possible with the darver’s knife 
or a skew firmer, following 
the direction of the arrows. 

Enter a narrow parting 
tool at A, Jet it gradually 
bite deeper as it follows the 
sweep of the volute until it 
roaches B, keeping it thus 
far upon an even keel. Now 
tilt it gradually to the left 
that its right wing may be 
nearly upright by the time 
it reaches C. Return to 
B and tilt to the right, 
that the other wing may 
l)e almost perpendicular 
at 1). Start from these 
points to firm out the 44. the coi^rse of the 
rest of the scroll. Chit stroke when orouni)IN(j 
E with V tool. F is only 
half a groove. The ribbon side ^ ^ 

must be firmed and the BlojKi 
trimmed down with a very flat 
gouge. Clround out as before. (In 
the original panel the gi’ound sinks 
gradually from tlie margin, only 
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reaching its maxi^num depth \ in. from it as 
at G.) Sink with a flrmer or gouge at HHH, 
slope down the surface witli a wide firmer, 
merging it into Iho flat. With suitably shaped 
gouges make perpendicular 
cuts in the spiral lines, start- ' 
ing from O. Now attack the 
ribbon. This can be accom- 
plished in two ways. If the 
slope Ik^ with the grain, sink 
two perpendicular cuts where 
indicated, and shave down 
to the bottom of them with 
a broad firmer, starting with 


closely allied to flat carving and can be 
executed in two entirely different ways. Set 
out the diaper [43]. Cut perpendicularly 
along the outline with accurately fitting gouges, 
etc., next lower the groundwork by ham- 
mering with broad, blunt 
punches, leaving the pattern 
in relief. The disadvantage 
of only depressing the ground 
and not removing it is this : 
wood that has been com- 
pressed will regain its former 
shape when moistened ; thus, 
hot water spilled on a diaper 
ornamented tray would ob- 
literate the design. If, instead 
of punching the ground, 
the pattern itself bo 
lowered and the whoki 
surface planed level, the 
design will reappear in 
45, STROKES IN relief if the wood be 
FLAT CARVING soakcd thoroughly, only 
ref| Hiring a touch of the 
tool hero and thon^ to sharpen up 
the outline. Naturally the relief 
is low, but this style of work does 
not readily kmd itself to any other 
treatment. Grt^at care must be 
taken to jmneh evenly, that tlu^ 
fibre of the wood may not be injured, for 
should this occur the pattern would not start 
up again when required. 

Incised Carving. Incised work requires 
little technical explanation, 
for its details are similar to 
those of flat carving, from 
which it differs in only one 
particular — the design is 
formed by the portions re- 
moved, instead of by those 
which are loft. To show it 
up more distinctly colour 
can be run into the cuts 
with a fine brush, or they 
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the blade nearly flat at the 
crest of the curve and 47. Jacobean rounding on the flat can be filled up with lacquer 

getting more and and the whole 

more upright as it J ^ M V M r/ ' • - scraped perfectly 

' ' ' y LL “ level and polished. 
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reaches the bottom 
of the lurrow [WJ. 
If the slope Ik) 
against the grain 
a macaroni can bo 
used, or a V tool, 
which, after the 
first cut is made, 
can 1)6 tilted on 
one side and made 
to model down the 
fold in the ribbon. 

Diaper WorK, 
As the name sug- 
gests, diapers are 
series of repeated 
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i. d* Applique. Flat 

[. incised carving, 

I!) [j/" as well as diaper 


work, can be imi- 
tated easily by what 
is called acniplure 
d'applique, or ap- 
plied overlays. 
Several thin sheets 
of wood are super- 
imposed and the 
pattern fretted out ; 
these pieces are next 
fixed in the required 

patterns contained in diamond-shaped compart- position with glue, the groundwork punched down 
ments resembling the designs seen upon o^ and the whole finished by paring down any rough 
napery. This style of wood decoration IV edges that may obtrude themselves too vividly. 

Gontinued 
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Voice Production and the Vocal Org^ans. Classification and Charac- 
teristics of Different Voices. Exercises for Breath Manag^ement loiiowh.g «.i. 


By MARY WILSON, A.R.A.M. 


IT would not be true to say that a voice can 
* bo created or made by a teacher of singing ; 
but all voices, good, bad and indifferent, may 
certainly be greatly improved and developed 
by a projicr method of voice production. 

The First Essentials. Tt is not enough 
to sing the melody perfectly and pronounce 
the words clearly ; more than these qualifications 
are needed. A perfect understanding of the 
subtleties of a song is required if the listener is 
to bt) moved. The student should try to realise, 
as he sings, how he would feel wore the words 
of the song his own and the outcome of his own 
feelings. 

Tt is possible for everybody to do this, although 
in some natures the gift is more developed than 
in others. 

The firtistie side of the art of singing, however, 
should n(?vor tempt any singer to neglect or 
depreciate the technical side of it. It is essential 
tfiat the aesthetic part of singing should be 
preceded by a thorough technical study. 

First and chief of these is a correct method of 
breatliing. Too great importance cannot be 
attached to this. Some of the old Italian sing- 
ing masters used to say that “ breathing well 
meant singing well.” Perliaps this is rather an 
exaggerative assertion, but, at any rate, it is 
certain that a person cannot sing properly if 
he cannot- breathe properly. Tt requires diligent 
and careful practice, but if the student will be 
advised by a thorough and experienced teacher, 
he will surely make up his mind at the very 
beginning to thoroughly master the art of 
respiration. 

Training the Vocal Organs. Having 
at last so far succeeded in this all-important 
study, he may then tuni his attention to 
the training of the vocal organs. It must be 
borne in mind that voice production cannot be 
forced; it must bo developed slowly and surely, 
or the result will be disastrous. 

The study of songs must not be entered upon 
at too early a date ; lot the student work at 
scales, exercises and solfeggi imtil ho is able to 
sing them without being in the least conscious 
that he possesses a throat, or, in other words, 
until his production is perfectly easy. Ho will 
then be able to give the whole of his attention 
to the meaning of the words and the conception 
of the song, because, through cart^fiil, con- 
scientious, and regular practice the technical 
side of his art will have become “ second nature ” 
to him. 

It is not the singing voice alone that is bene- 
fited ; the speaking voice, too, receives a large 
share of the profits. 


Four distinct attributes are essential to 
musical sound — Volume, Fitch, Quality, and 
Duration. 

Volume (strong or weak) depends upon the 
v(3cal cords, the resonance chamlxws, and the 
relative amount of breath pressure. 

Pitch (the height or depth of a note) depends 
upon the nuftilx^r of vibrations in a given time. 

Quality depends upon the pharjmx princi- 
pally, together with the cavities of the chest, 
mouth and head, which act as resonators. 

Duration depends entirely upon the breath. 

The production of very few voices, either in 
singing or in spe^aking, is quite perfect. The 
voice should l>e trained in order to make it 
respond to the will, to make it firm, reliable, 
strong, and fiexible, easy to use, and to ensure 
correct intonation (to help a person to sing in 
tune) ; to point out and correct faults ; to 
understand the art of phrasing ; to bring out the 
various degrees of expression, and to become 
familiar with the different styles of singing. 

How the Voice is Produced. The human 
voice cannot be described as any particular 
instrument or thing. To produce it there must 
be four distinct organs, working together, but 
quite independent of each other. They are : 

The Bellows, properly termed the lungs, 
together with the wind or breath. 

The Voice-box, properly called the larynx. 

The Resonator, properly called the pharynx, 
together with the mouth and nasal cavities. 

The Auticitlatob, which consists of the 
tongue, teeth, lips and mouth. 

Given these four requisites, voice can Ik^ pro- 
duced by filling the lungs with air and allowing 
it to pass out through the mouth. A man, 
mentally, though probably unconsciously, says 
he wishes to utter a sound, or to sing ; the breath 
is the motive power, and as it passes from the 
lungs it travels through numerous tubes until 
it reaches the larynx or Adam’s Apple. In 
the Adam’s Apple, or voice-box, are two liga- 
ments which lie across the throat from front to 
back. When the order is given for a sound to 
l)e produced, these ligaments unconsciously 
close, and the breath strikes against the edges 
of them, setting them vibrating or oscillating, 
and the issue is voice, or sound. The ligaments 
are generally called the vocal cords or vocal lips. 

It requires careful study and much thought 
to fully understand the parts used in tone- 
formation. 

Naturally it is much more difficult to grasp 
the principles of singing than of instrumental 
playing, because the student can see the different 
movements and actions necessary, whereas with 
the singer much has to be taken for granted. 
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He has to trust chiefly to his hearing — which 
at best is only an after-effect — for he cannot, 
except mentally, direct his vocal cords, and 
certainly cannot see them working. 'There must, 
of course, be no trusting to chance. It is very 
important that he must know exactly what tone 
and effect he is striving for, and, to acquire these 
desired effects, it is necessary to know some- 
thing of the anatomy of the vocal instrument. 
In order that the student sliall not liecome 
wearied, the descriptions of the various organs 
used in voice production are set down as con- 
cisely as possible [1 and 2]. 

The Larynx. The apparatus by which 
vocal sounds are produced is called the larynx, 
which is the special organ of phonation. It is 
placed at the top of the windpipe, immediately 
under the floor of the mouth. If the fingers an‘ 
lightly placed on the projecting part in the fore- 
part of the nock, it will be found that, when 
swallowing, that part moves up and down, and 
that is the larynx or voice-box, more commonly 
called Adam s Apple. 

It is triangular in 
shape, and open at 
both ends, top and 
bottom, so that the 
breath can pass in 
and out from the 
lungs. It is more 
noticeable in- men 
than in women, and 
it is easy to see it 
move up and down 
as they talk. [lA] 

Vocal Cords. In- 
side the triangular- 
shaped box, or larynx, 
are two flat hori- 
zontal folds, or cords, 
which stretch across 
the throat from the 
front to the back. 

These are the vocal 
cords. It is the greater 
or less tension of these, 
together with the 
breath, that gives us 
what wo know as 
sound or voice. The 
higher the pitch of the 
note, the greater is the 
tension and more 
closely together are the vocal cords. [2B] 

The Glottis* The space between the vocal 
cords is called the chink of the glottis. f2C] 

The Epiglottis, At the top of the larynx 
is a self-acting cover, or lid, which is not unlike 
a bird’s tongue to look at. Directly a person 
wishes to swallow, this little lid, called the 
epiglottis, shuts down tightly, like a miniature 
trapdoor, on to the windpipe (trachea), the 
object being to prevent food from passing into 
the larynx. Who has not felt the unpleasant 
sensation of choking when food has gon|?4Ae 
“wrong way”? This happens when the epi- 
glottis does not do its work quickly enough. [ID] 
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The Lungs. The lungs, which are two in 
number, called the right and left, are the bellows 
of the human body. They are a very spongy 
and elastic tissue, and may be likenei^ to two 
sponges. They are capable of great expansion 
and contraction, and are placed, or, to be more 
cori'cct, suspended in the upper part of the 
body, which is called the chest (thorax). They 
are connected to the windpipe by two tubes, 
which divide and subdivide until the size of the 
smallest pipe, if such it can be called, is about 
the fortieth part of an inch long. At the end 
of each tube, or pipe, is a minute air-cell. In 
the chest, which is an air-tight compartment, the 
lungs and the heart fit quite closely. The floor 
of the chest is known as the diaphragm, of 
which more will be said later. The walls or 
sides are formed by the ribs, together with the 
breast- bone. [2E] 

Tlie ceiling, or top, is formed by the ribs, 
collar-bone, and the root of the neck. The 
lungs rest, as it were, on the diaphragm. The 
size of the lungs de- 
pends entirely upon 
the size and build 
of the body. Their 
colour is a kind of 
purple, or rather 
dark bluish red. Their 
chief work is to supply 
the blood with pure 
air and to free it from 
carbonic acid ; it is 
quite necessary there- 
fore always to breathe 
fresh air. 

The Diaphragm 
or Midriff. The 

largest muscle in the 
body is an involuntary 
one, called the dia- 
phragm, or midriff. It 
divides the upper part 
(the chest) from the 
lower (the stomach) ; 
that is, it lies across 
the body. The outer 
parts are fixed to the 
lower ribs. 

When the limgs are 
almost empty, or, in 
other words, during 
the iust of exhalation, 
the diaphragm is almost domo-like in shape. As 
the lungs till with air they press on the diaphragm 
until it becomes much flatter in appearance. 
Only will power can control this huge muscle, 
and, as it plays such a very important part 
in the art of respiration, the student cannot 
be too diligent in his endeavour to mentally 
control it. [IP]. 

The Rib Muscles. On each side of the 
chest there are twelve ribs, making twenty-four 
in all. Each is connected with the backbone 
or vertebral column ; they curve round to the 
front, and seven pairs, counting downwards 
from the neck, are join^ to the breast- bone ; 
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the eighth, ninth and tenth arc joined to the 
seventh,* whilst the eleventh and twelfth nairs 
are not attached to any part in the front, ana are 
commonly called the “ floating ” ribs. Connected 
with the ribs are two kinds of muscles — the 
outer and the inner intercostala. As the lungs 
become inflated the outer intercostals raise the 
ribs upwards and outwards. As the lungs empty 
themselves, the inner intercostals come into 
play and bring the ribs back to their former 
position. The student’s attention is drawn 
part icularly to the movements of these muscles, 
as a thorough understanding of their working 
is essential before he can master the art of 
breathing. [IGJ 

The Pharynx. The pharynx, or throat 
chamber, is the cavity situated in the upper 
part of the throat, behind the mouth. Tliere are 
five openings into it — from the oar, nose, lungs, 
mouth and stomach. 

The throat chamber is subject to great varia- 
tions, being capable of 
great expansion and con- 
traction. It is the prin- 
cipal resonance chamber 
of the voice. Tlio colour 
and timbre, as a matter 
of fact, depend almost 
entirely upon it. [IH] 

The Nasal Cavi- 
ties. The nasal cavities 
are really the external 
and internal nostrils ; 
the last named join the 
pharynx. The hard and 
soft jialates make a floor 
for them. The nasal 
cavities assist very con- 
siderably in tone pro- 
duction, by helping to 
make the voice more 
resonant. [2J] 

The Jaw. The lower 
jaw plays a very promi- 
nent part in the art of 
singing, helping princi- 
pally in pronunciation. 

It is essential that 
it should bo kept loose and free. Lamport!, 
in his famous “Treatise on Singing,” attaches 
great importance to this. Wlien the jaw is 
loose and fi’ee, so are the muscles of the 
throat. The distance between the tooth should 
never be less than a thumb’s width when 
singing. [2K] 

Hard Palate. If the student places his 
finger inside his mouth immediately behind 
the upper teeth, ho will find a hard, fixed and 
slightly ribbed substance ; it is known os the 
hard palate. On moving his finger a little 
further along the hard palate, he will come to 
a dome-like part ; this is called the Palatine 
Arch [2MJ ; these two greatly influence vocal 
tone. [2L] 

Soft Palate. Carrying the finger still 
further into the mouth, the student will come 
to a veiy sensitive, soft, fleshy and movable 
part of tne roof, which possibly he may not be 


able to touch without feeling sick. This is called 
the soft palate. It consists of a number of 
muscles which work at will. If the student 
draws in a breath through the mouth as if ho 
were going to yawn, ho will feel his soft palate 
rise, and it will appear to become a continuation 
of the hard palate. He should practise raising 
his soft palate in this way, so that when he 
sings he will be able to raise or lower his palate 
at will. One of the most common faults of 
singers of the present day is their inability to 
do this, and in consequence they almost invari- 
ably sing with their palates “ down.” This 
makes the tone niisal and indistinct, and 
prevents the voice from “ carrying.” 

These two palates may l)e called the sounding 
board of the voice, and the correct use of them 
is of the greatest importance. [2N] 

The Uvula. At the back of the mouth, 
suspended from the middle of the soft palate 
may be seen a soft red piece of flesh about the 
size of the kernel of a 
hazel nut. This is the 
Uvula. It rises with the 
soft palate, and in some 
mouths seems to dis- 
appear altogether. Its 
work is to close the 
nasal passages, and so 
prevent the tone from 
becoming nasal. This 
does not, however, in- 
terfere at all with nasal 
resonance. [20] 

The Teeth. No 
opportunity should Ikj 
lost for impressing upon 
the student the great 
necessity for taking care 
of his teeth. Their work 
in singing is to help in 
the articulation of tho 
consonants. A song be- 
comes stupid and feeble 
when the consonants 
cannot be heard clearly 
and distinctly. The con- 
sonants, not the vowels, 
are the backbone of diction, and since tho 
consonants are formed largely by the teeth, 
the care of tho teeth is one of the first coa- 
sidorations in singing. [2P]. 

Classification of Voices. Generally 
speaking, human voices may be divided into 
two large classes, male and female. These are 
subdivided as follows : 

MALE. 

Hash. Uakitonk. Tknoh. Alto, OR 

* ^ N, COUNTKR- 

j Hasao UasHO I I Tenor Tenor I tknor. 

J Profondo. C'antante. j | ttobusto. liCirg’iero. | 

FEMALE. 

^ 

contralto. M.kzzo-sopbano. Soprano. 

Soprano Dramiuatico. Soprano Legy;iero. 

The quality of the middle notes of a voice, 
not the compass, determines its classification. 
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MALE 

Basso Profondo 


—zr, -(o_ 






:tod; 


Tenor Leggiero and 
Tenor Robusto 


The student cannot be too paj^icular in grasping 
this fact. 

During the first singing lesson it is often 
difficult for a teacher to classify a Voice definitely. 
A number of lessons may be necessary l^efore 
such decision can be made. For example, a 
student may come to him and sing a song 
of soprano compass with effect : but because 
she is able to sing the head notes in a 
soprano voice — even if the compass is high — 
it does not necessarily follow that she is 
a soprano. The tone and quality of her 
middle notes must be listened to carefully 
by the teacher ere he can decide. 

The vocal cords of a 

bass and baritone are 
broader, thicker, and 
longer than thase of a 
Umor and soprano. The 
kind of voice — soprano 
or contralto — is 
governed, therefore, 
chiefly by tlu* size of the 
(iords. 

Although great simi- 
larity may exist, no two 
voices are quite alike ; 
they differ in indi- 
viduality as much as do 
faces, largely owing to 
the formation of the 
resonance chambers. 

Compass. The 
compass of a voice is 
the range of sounds it is 
capable of producing, 
and thesis sounds are 
divided into registers. 

Each voice has three 
registers, which will 
explained laUu*. The 
table on this page shows 
the compfiss of the 
resfxjctive voices, but 
docs not include voices 
of exceptional range. 

Voice Character- 
istics. We must now 
consider the character- 
istics of the different 
voices. 

Basso Profondo. The 
Basso Profondo, which 
is the lowest mak* voice, 

is scfldom met with now- 

a days. It is the fullest 

and deepest of al I voices. 1 ts chief charact eristics 
iiHi volume, intensity, richness, and bi’oad phras- 
ing ; and its development is slow. There is always 
a great tendency to force, so the student must 
exercise much care and patience to avoid this 
fault, or the voice will become coarse. Another 
point to be carefully noted is the intonation. 
The vocal cords of a basso profondo are very 
thick, and in consequence the voice is particularly 
adapted to the sustained and decli|0h,tory 
styles of singing, but are, of cour-Je, quite 
unsuited for florid singing. 
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Basso Cantanitbj. Although not so heavy, 
the Basso Cantante is more general than the 
basso profondo. Besides being lighter in quality, 
it has greater flexibility and a little higher range, 
as will be soon on reference to the compass. 
But, compared with the tenor and women’s 
voices, it is deep and powerful. Its notes are 
capable of greater resonance than those of the 
baritone. The lowest notes, E, F, and F^ in 
an untrained basso canttmte voice may lx? 
weak, but with careful training they btxjome 
full and rich. 

Baritone. The Baritone in the classification 
of men’s voices corresponds to the mezzo- 
soprano in women’s 
voices, and partakes of 
some of the character- 
istics of l)oth bass and 
tenor, with a greater 
resemblance to the 
former. It is capable 
of greater expression and 
mc^ulaiion than the 
bass, besides lading more 
flexible and mellow. It 
is the most general of 
all male voices. Although 
it does not possess the 
volume of the bass, it is 
fuller than the tenor. 
The great evil to be 
guarded against in the 
training of this voic(‘ is 
the tendency to shout 
and strain The voice 
naturally is not the 
size of the bass, so tlie 
student must exercise 
great care not to force 
it or he will spoil the 
quality, tmd in time 
ruin the voice. The 
weakest notes of th(i 
baritone voiet^ are the 
low A^, A, and B. 

Tenor. Of the male 
voices the I’enor is the 
highest. There are two 
kinds of tenor voices, 
the Tenor Leggiero or 
light tenor, and the 
Tenor JtobustOy or full 
dramatic tenor. The 
volume and quality of 

these two varieties of 

tenor voices distinguish 
them from each other. The music for the tenor 
voice is usually written in the treble clef ; it 

must be home in mind, however, that the j)itch 

of the notes actually sung by the tenor voice is an 
octave lower than that indicated. For example. 
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Originally, music for the tenor voice was written 
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in the tenor clef. The old clefs in singing 
are seldom used at the present. The a£)ve 
notes in the tenor clef would be written 


Tenou Lkggiero. The Tenor Leggiero, or 
light tenor, is noted for its brilliancy, lightness, 
and flexibility. The tone is most delightfully 
silvery, but wanting in sustaining power. It is, 
perhaps, the most difficult and delicate of all 
voices to train. It requires coaxing, then 
sweetness of tone and grace will result. 

Tenor Hobusto. The Tenor Robusto, or fuU 
dramatic tenor, like the basso profundo, is some- 
what rare. It is full and rich, capable of great 
modulation, and can portray any passion 
neoessary. The notes from F, first apace, to R 
third lino, arc the most difficult to cultivate, and 
not infrequently are rather weak. Great care is 
necessary at the beginning of the training that 
the voice is not mistaken for a baritone. This 
is of the utmost importance, for if trained as a 
baritone, it will follow that the medium notes 
of the tenor are trained as baritone head notes, 
with disastrous results. 

Alio. As a solo voice the Alto, or counter- 
tenor, is not very pleasing, but is useful as the 
highest voice in male })art-songs and glees. It 
is most fre(|uently met with in church choirs. 
Being an unnatural voice, very careful training 
is required. 

Contralto. The Contralto is the fullest, 
deepest, and strongest of female voices, and is 
more capable of modulation and tender feeling 
than either the mezzo-soprano or soprano. 
Like the bass, it is not very flexible, and is par- 
ticularly adapl/tKi to sustained and declamatory 
styles of singing. The weakest notes an*, from 
F, first space, to C^, third s])ace. Strict attention 
should be given to the cultivation of these notes 
during the first lessons, and specrial care must 
also be exercised to avoid forcing the chest 
notes, those from E, first line, down the scale. 

With the majority of contraltos it is noticeable 
how weak are their medium, or middle, notes. 
This is due entirely to forcing the chest notes, 
which, when forced to any extent, become 
coarse and blatant, and produce, together with 
the weakened middle notes, the effect of two 
distinct voices. 

The registers of contralto voices require the 
closest attention. Equality of tone is perhaps 
the most important feature to be developed in 
cultivating the contralto voice. 

Mezzo-soprano. The Mezzo-soprano voice 
holds a similar position in female voices to that 
hold by the baritone in male voices. It possesses 
some of the qualities of the contralto, notably 
fulness, mellowness, and roundness, being like 
the soprano inasmuch as it is capable of great 
flexibility. When perfect, it is often considered 
the most beautiful female voice ; but it must be 
remembered that as it partakes of both contralto 
and soprano it must needs share the faults of 
both. Therefore, judgment and caution must 


be used in training to avoid its being taken too 
high or too low. 

The greatest danger is that songs and exercises 
of too high a range are often sung by the mezzo- 
soprano, and if this practice is continued, the 
voice will be ruined. It is unodvisable, and often 
harmful, for a mezzo-soprano to sing contralto 
songs and exercises, although the result may not 
prove quite so disastrous as the singing of 
soprano songs. 

At the beginning of study, let the middle notes 
be carefully trained, and the upper and lower 
notes develop naturally. 

Generally, the weakest of all mezzo-soprano 
notes is E, fourth space 

Soprano. The two kinds of soprano voices — 
the Soprano Lhrammatico, or dramatic soprano, 
and Soprano Leggiero^ or light soprano — cor- 
respond almast exactly with the two kinds of 
tenor voices which have already been described. 
The soprano is the highest human voice. Because 
a woman’s voice may Iw high in pitch, it is not 
necessarily a soprano — it may be a mezzo. The 
quality of the notes in every case decides the 
voice. 

In training tlie soprano voice the tendency to 
overwork the highest notes must be strictly 
guarded against : if this injurious practice is 
continued, the tone will become weak, shrill, 
wiry, and thin. 

The emphatic remarks made about the intelli- 
gent cultivation of the other voices previously 
noted apply with equal force to the light and 
dramatic soprano. 

Respiration. It is of the utmost import- 
ance that before attempting to sing a note the 
student should try to atjquire a correct method 
of resi)iration, or breath control. 

The respiratory apparatus consists of the 
chest, thorax, and the n*spiratory tree (arbre. 
respiratoire), which includes the larynx, the 
windpipe, the bronchi, and the lungs. The 
respiration of the animal kingdom is entirely 
opposite to that of the vegetable. In the former, 
oxygen is inhaled and carbonic acid exhak*d ; 
plants inhale or absorb carbonic acid and exhale 
oxygen. 

Every human being and every animal from 
the moment of birth to that of death breathes ; 
but very few of the former have naturally a 
correct method of respiration. It is essential 
that everyone, whether singers or not, should 
breathe in the manner intended by Nature. 
Unfortunately, civilisation, combined with the 
present mode of dress, has done much to hinder 
this. Savage races and the lower animals, whose 
bodily freedom is not im}>eded by clothing, 
breathe perfectly, because naturally. 

The art of respiration comprises tw^o move- 
ments — Inhalation or Inspiration, and Exhalation 
or expiration. With the former, life begins ; 
with the latter, it ends. The average person 
inhales about 12 quarts of air per minute, 720 
quarts per hour, 4,320 gallons per day The 
lungs, however, are capable of receiving seven 
times this amount. 

Speaking of people in general, the quantity of 
air they draw in at each inspiration expands the 
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npper part of tho lungs only ; when the inspira* 
lion is f ull^ the lungs expand at tho base also. 

The student’s attention should be directed to 
the muscles controlling respiration, not to the 
lungs, which are passive. They of themselves 
cannot move or extend ; it is the influx of air, 
together with the atrtion of the muscles, that 
enlarge the lung space. 

Exercises on the art of inspiration w’ill follow. 
« After the student has thoroughly mastered the 
art of inhalation, he may turn his attention to 
that of exhalation or expiration — the outflowing 
of the breath ; but this must not be attempted 
too soon. C’orreot exhalation is even more 
diflicuH than correct inspiration. 

Ideality of tone, phrasing, expression, duration, 
and so on dei)end entirely upon a correct mode 
of respiration. 

Breath Management. Tlirec methods 
of breath management are recognised : (1) 

diaphragmatic, (2) intercostal, and (3) clavicular ; 
but. th'' first, diaphragmatic, is the only correct 
method. 

When diaphragmatic breathing is employed 
th(‘ lungs, which are fully inflated, })resH on the 
diaphragm |1F], and push it down on to tho 
stomach, which in turn expands ; at the same 
time, the outer int^^rcostal muscles draw 

the ribs upwards and outw'ards, and in this w'ay 
the cavity of the chest is considerably enlarged. 
The movements of these muscles are concomitant. 

If the clothing is moderately loose, the dia- 
j)hragm w^ill work naturally, enabling thc^ student 
to direct his whole att<‘ntion to the movtmients 
of the rib muscles. 

The shoulders should on no pretext whatever 
bo raised during the act of respiration. Both tho 
chest and stomach must expand whilst inhaling. 

The second method necessitates the movement 
of the ribs only, which are raised and pushed out 
and the stomach slightly yet unconsciously 
drawn in, the diaphragm remaining stationary. 
Although frequently employed, this method is 
really insufficient, and often proves injurious. 

The clavicular is decidedly incorrect ; any 
student who understands the shape of the lungs 
and chest will perceive how pernicious it is, and 
abandon it at once. Wlien this mode of breathing 
is practised, the diaphragm and the lower inter- 
costal nniscles arc inactive, and their work is 
wongly thrown upon the shoulders and collar- 
bone, which have to be raised and tho muscles of 
the throat contracted t.o i)revent the breath 
from rushing out from the ujjper parts of the 
lungs. The lower parts of the lungs in this 
Tuet hod are never inflated. The column of air 
is shortened, and, in consequence, too great a 
pressure is }»ut upon the vocal cords, setting up a 
hidtious tremolo, which, if indulged in for any 
length, lxx.‘omes incurable. 

Some teachers of singing maintain that it is 
impossible for women to breathe diaphragmati- 
cally, an idea which is erroneous. It may not be 
possible for them to breathe so deeply as men — 
and owing to their structure there will always 
bp a wider expansion of the chest — but 
patient practice and perseverance/ frvery woman 
is able to breathe in this way. 
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To breathe diaphragmatically the body must 
be easy and natural. Both feet should b« placed 
firmly on the ground, with one foot slightly for- 
ward bearing the full weight of the body. During 
practice it is advisable that the student should 
stand with his hands behind him, lightly resting 
them on the small of his back. 

The shoulders must be kept back naturally and 
easily, and not be allowed to rise, the point of 
the shoulder being in a vertical line with the for- 
ward foot. When this position becomes strained 
the rear foot may be brought, forward and the 
weight transferred to it. The chest must be well 
expanded, yet without drawing down the shoul- 
de?s uimaturally. The muscles of the throat, 
must be relaxed, the neck quite free and un- 
constrained, the head slightly forward and erect, 
not depressed, and the chin kept back, not 
pushed forw^ard. 

Lt‘4 the mouth assume a smile so that the 
upper lip is slightly drawn off the teeth ; also keep 
the tongue quite flat. 

One of the commonest faults with beginners is 
the moving of the* mouth and chin after the 
breath has been inhaled. This must be assidu- 
ously avoided by the student, who is recommended 
to practise before a mirror so as to guard against 
this bad habit. 

Ix^t the exprc'ssion of the eyes l)e perfectly 
natural. Keep the cyebows still and the foro- 
he^wi smooth, as there must be no sign of effort 
or exertion whatsoever. 

The following breathing c'xercisps must be 
praetisc'd in pure air, not in a room w'here the 
air has boon used up. They should never be prac- 
tised when the body is fatigued, nor imino- 
diately after meals, because if the stomach 
is charged with focnl the diaphragm cannot work 
as it should. The best time to practise is in the 
morning whilst dressing, or about an hour and 
a half after breakfast. No tight clothing ought 
to be worn round neck or waist. 

Although not absolutely essential, it is cer- 
tainly advisable that both singers and speakers 
should keep their nostrils clean and free ; this 
can be easily accomplished by using as a nose 
bath every morning a tumblerful of tepid water 
in which has been dissolved a tablespoonful of 
common salt. Pour a little of this into the 
hollow of th(^ hand, and sniff it up the nostrils 
alternately throe or four times. All foreign 
substances are removed in this way, and 
inhalation is greatly assisted. 

'Exercises for Inhalation. The first 
exercise is to inhale very slowly, quietly, and 
evenly through the mouth, which must be partly 
open to prevent the air passing through the nose. 
Place the hands lightly on each side of the body 
to foci the lower ribs expand. If pressed too 
heavily, the ribs will be prevented from moving 
to their fullest extent. 

When tho ribs are expanded to their utmost 
mentally count five, then let the breath rush 
out through the mouth. This ought to produce 
the sensation of the total collapse of the chest. 

When five can bo counted with great ease, 
increase the number to seven, nine, eleven, and 
thirteen. This exercise should be practised 



twenty times a day, at four distinct intervals ; 
it must jiever be practised twenty times in suc- 
cession, as it is too fatiguing. It should be noted 
that the breath should bo controlled by the 
diaphragm and rib muscles only. 

To put it concisely, the exercise is this. Breathe 
slowly, quietly, and evenly through the mouth ; 
hold the breath whilst mentally counting five; 
let the breath rush out through the mouth. 

For a second exercise, inhale as in the pre- 
vious exercise. Hold the breath whilst mentally 
counting three ; re-inhale without allowing any 
of the first breath to escape ; count one, then 
try and inhale again — that is, three inhalations 
in all — then let the breath rush out through the 
mouth. This must not be practised until the first 
exercise has been complct(.‘ly masUM'cd. It must 
never bo practised more than nine times a day 
at throe distinct intervals. The object of this 
exercise is to increase the girth of the lower part 
of the chest. 

The next exercise is to inhale through the 
mouth quickly and quietly, mentally counting 
five whilst holding the breath with the diaphragm 
and rib muscles ; then let the breath rush out 
through the mouth. Gradually increase the 
number counted. Practise twenty times a day 
at four distinct intervals. It is possible that 
the student may make a gasping sound whilst 
inhaling quickly, but this can be avoided if the 
soft palate and uvula are raised. On no account 
must the shoulders be raised. 

Tlio fourth exercise is to inhale quickly 
and quietly. Count three, inhale ; count one, 
inhale again ; then let the breath rush out imme- 
diatc^ly through the mouth. Practise nine times 
a day at three distinct intervals. Should the 
sides of the mouth become dry, lot the student 
inhale alternately through the nose and mouth. 

Exercises for Exhalation. Tire first 
exhalation exercise is most generally used in 
songs, solfeggio, etc., when the breath has to be 
taken in huiTicdly. 

Inhale quickly and quietly through the mouth, 
hold the breath whilst mentally counting five, 
then let it pass out slowly and silently ; keep the 
lower ribs expanded as long as possible, and feel 
that the stomach is very gr^ually inclining 
inwards and upwards. Be careful that the upper 
part of the chest does not move, and guard against 
puffing out the cheeks. ITntil the student 


becomes quite familiar with the movements 
required it is advisable that he should place one 
hand on his low'or ribs and the other on his chest. 

This exercise must not be attempted until the 
inhalation exercises have been thoroughly 
mastered. Practise fifteen times a day at three 
intervals. To express this briefly, take a quick 
quiet breath through the mouth, hold whilst 
mentally counting five, exhale very slowly. 

A Difficult Exercise. Wc now come to 
the last exercise. It should always be used at the 
beginning of a song or solfeggio, or where a phrase 
is preceded by a rest. The remarks referring to 
exhalation in the first exercise apply equally to 
this. It requires very careful and diligent 
pracUce, or it will never be perfect. 

Inhale slowly and silently througli the mouth ; 
mentally count five, and, by degrees, seven, nine, 
and (‘leven ; exhale very slowly, keeping the ribs 
expanded till the last particle of air is expellcjd. 
This must not be practised more that nine limits, 
at three distinct intervals, as it is very fatiguing. 

All these excreises must be studied and per- 
severed with in the above order to ensure complete 
masteiy. When this has been accomplished, 
three of them must still be carefully and regu- 
larly practised every day, not only by the novice 
but also by the adv’^anced student — inhalation, 
first exercise ; exhalation, first exercise ; exhala- 
tion, second exercise. They must he practised 
in this order. 

Exhalation is controlled entirely by the 
diaphragm and rib muscles. The student must 
exert all his will power to prevent the rising of 
the former and the falling in of the lattor after 
he has expanded the lungs by inhalation. It 
should bo remembered that it is the will alone 
that can control their movements. 

Anoriier exercise of lesser importance, V>ut bene- 
ficial to the student, is to inlialc slowly, hold the 
breath whilst mentally counting five, then exhale 
slowiy, counting aloud first as far as seven, then 
ten, increasing the number as he gains control 
over his bn^ath. He may also recite the letters 
of the alphabet in the same way, but he must cease 
counting or reciting before the last particle of 
breath lias expired or the end of the phrase wdll 
simnd gaspy, and this will be quickly detected by 
a listener. It has been w^cll said that by observ- 
ing how a phrase is finished we can tell if the 
rt«piration is correct or incorrect. 


Continued 
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A KETAIL biisinesH is unavoidably burdened 
with nn endless amount of detail, all of which 
must be satisfactorily dealt with from the point of 
view of both trader and customer. A well-con- 
iiidered system is needed to briuji^ about this result, 
wliether the business bt' on a lar^e or small scale. 

The system must be adapted to the needs of 
the army of buyers who gather in goods from all 

i ^arts of the world ; to the stock which must l)c 
tept up all the year round ; to the goods which 
must Ik* nnieived, opened, checked, priced, sold, 
piu'kcjd, and delivered or shipped, as the cast* may 
Ik*. Shipping, stock, sales, order and deymrtinent 
records must be kept. The problem jiresented by 
each phase must receive erpial attention. Buying 
mc'rchandise for stock n^quires a number of records, 
statistics of previous business, amount of sales, 
the lines most in demand, the nnde/iirablf/<, the style 
tendencies, the probable outlet, jn’iees, amount 
oil hand, lists of manufacturers, comparisons of 
values, prices, terms, etc. All these rettords must 
be kept available. The card system may be 
apjilied to all, and managers will find no difficulty 
in installing systems for dealing >\ith these records. 
Ordering, selling and acoountiiig are not the only 
phaK(*s of a great business whic h recpiire systematis- 
ing ; there is the government of the vast army of 
emjiloyes, the care of the building and fixtures, 
the work-rooms in which goods arc made to order, 
I'cmodelled, repiired, etc. It is obvious that it 
would take volumes to describe systems for all of 
these ; the most important only can be touched 
ii}>on. 

The Organisation of the Establish- 
ment. The general manager, who holds all the 
threads of government in his hands, is responsible 
for the organisation of the establishment and for 
the harmonious working of the various systems 
installed. One of the fundamental princi)>leR of 
a suceessfiil organisation, however, demands that 
one person alone should not be lield personally 
ivsponsible for all deteils ; responsibilities are 
divided into sections, and every person who is 
capable is made responsible for a certain definite 
portion of the work, under the su|)erintendeiice of 
a higher authority, and is made to feel that the 
firm deyicnds uyion him or her for the faithful 
]K*rformanco of duty. Responsibility might, 
therefore, be divided as follows; (1) suyierintendcnt 
of employes ; (2) superintendent of systems ; 

(3) superintendent of buildings and fixtures ; (4) 
supervisor of cxyiense : (/5) suyierintendeui of 

counting-house ; (<>) superintendent of merchan- 
diser ; (7) manager of publicity. 

All the superintendents report to the general 
manager as to their own province. The KU|)erin- 
tendent of systems takes cognisance of the shipping 
and waggon delivery, pneumatic tube, teleyihone 
and lift services. 

The 811 jierin ten dent of buildings has charge of 
Hiipyilies, stationery, printing, power, heat, lighting, 
machinery, water supjily, ventilation, sauitatk^ 
fire- prevention, and housekeeping, each of whictf^ 
placed under the authority of a resyionsible person. 
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The supervisor of expense Has access to all 
records, investigates all items of expense in practice ; 
secs to it that a proper balance exists between 
exyK?nditure and returns; points out extravagances, 
suggests economies, advises a.s to profitable outlay 
on plant, equipment, etc. 

The superintendent of tlio eoimting-house has 
jurisdiction over credits, collections, legalities, 
the ])ay roll, bookkeeping, billing, cash, auditing, 
etc. 

The merchandise siiyierintend, nt is concerned 
M'ith the buying, the travelleps, the stock, the 
window and interior displays, warehouses, special 
sales, packing, etc. 

The Care of the Stock. The first step 
in establishing the various necessary systems is 
to make out a claasiticKl numerical index of every 
article kept in sto<;k, from a pin to a suite of 
furniture. The siinyilest metho<i is to divide the 
Bto<;k into depajtments corresponding with the sale 
departments of the firm, and to designate these by 
means of cayiital letters, or combinations of letters 
if the departments are many. The articles sold 
in each department are then numbered, liegiiming 
with 1 in each tuise. The decimal system may hero 
be pressed into service in large businesses with 
advantege, and is ayiplied thus : Wc* shall suppose 
that a haberdashery department is K ; K 5 might 
represent pins, K 5 1 will lx* toilet jiiiis, K 5*2 
white safety pins, K 5*21 black steel safety pins, 
K 5*3 hair pins, etc. ; K (i might be cottons, K 6*1 
white sewing. K 6*2 crochet, K ()'3 soft darning, 
ete. A card drawer or cabinet is ]»rovided for each 
department, and a j)eryK*tual inventory of stock 
keyit. Every article sold, or the box, drawer or 
division in which it is kept, bears the distinguishing 
symbol, and the assistants must, in making out their 
bills, quote the stock number in clear figurt*s as 
well as the quantity and prie>e of each item sold. 
Kfwih assistant should besides have an alphabetical 
and classified list of the goods in his or her charge 
with their symbols — with or without prices current 
— for consultation in case of need when making 
out the bills ; these lists might be kept in their 
clieck books. 

Pe^etual Inventory of Stock. After 
the bills or cher^ks for ea(‘h day have been dealt 
with by the eounting-liouse, they are tinned over 
to the Htoekkeeper’s assistants, who ]J 08 t up each 
item of sale on the pro]wr card of the perpetual 
inventory, deducting the (juantiiies sold from the 
stock on hand. The assistant salesmen and sales- 
women have sli 7 )R in all the boxes, drawers, shelves, 
etc., in which the goods for sale are kept, and each 
sale must be at once registered and deducted from 
the balance on hand. Once a week or once a 
month these slips are sent to the stoekkoeper, new 
sets of sli])s being given out, and they are checked 
over with the inventory. Any article required for 
use in the work-room may bo delivered only on 
written requisition, which is then clipped to the 
bill made out on special yellow forms, and sent to 
the cash desk. The assistant rings round the entry 
on her slip and adds the letter of the department 
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which has requisitioned, and the number of the 
requisition order in the proper columns provided 
for the purj)Ose on the slip. 

It is important that the danger limit of every 
article of stock be clearly stated at the top of its 
mventory card in red ink. The clerk who posts up 
the sales must carefully watch this numlxjr, and 
when his balance a]:)proaches this limit, he clips 
on to the card a red tab ; the 8tockkcej)er begins 
his day’s work by picking out all the cards so tabbed 
and H(‘nding a requisition notification to the buyer 
concerned. An al})habeti(*al key-index will be 
required in connection with the perpetual inven- 
tory if this be indexed numerically. 

It is obvious that the projxjr (saro, management, 
and accounting for stock forms the most important 
component of a comprehensive system for a retail 
house. On the intelligent and ])ra(!tioal provision 
tuid accounting of stock depends the vital question 
of turnover and of returns for invested capital. 
The first essential is that each liuyer shouhl have 
moans of knowing at all times the state of his stock, 
which lines of goods are ]) 0 ])ulnr and sell off rapidly, 
which are likely to remain on hand, what quantity 
of stock is usually recpiired to meet the nee<l8 of 
various seasons of the year. The supply ordered 
may therefore be kept close to the probable re- 
quirements for the ])eriod following, and the 
necessity of marking down goods as bargains in 
order to force a sale of unsaleable goods is, to a 
great extent, obviated. 

With the system here outlined, such data are 
always at the buyers’ service, and from the ]kt- 
petual inventory cards a number of useful state- 
ments can be computed as tlesired. 

Not only dees stock kept in such a injinner 
ensure an accurate rec^ord of every article, and 
what profit every item in such department is 
]mying, but it also forms a check on stock, and 
detects thefts, losses and waste. It is obviously 
a great improvement on the old method of stock- 
taking once a year, by means of a stockman. 

Systems for Handling Orders and 
Purchases* Next in importance come the 
orders and purchases which are intimately con- 
nected with the system of accounting ; in fact, 
they form a link between it and the department of 
merchandise. The ba.sis of this system is mani- 
folding, not only as n time and labour saver, but in 
order to soi’ure greater accmacy. The manifolding 
is done by means of the billing machine, a ty|)e- 
writer which proth ces as many as thirteen legible 
copies at one writing. When orders come in from 
country customers, they are first stamped by means 
of a rubber stamp with the following particu- 
lars: the order register number, the customer's 
correspondence number, date, account numljcr, 
carriage or freight, credit, departments. The 
Order Eegister is a valuable adjunct to this method 
of handling orders. All orders are registered at 
once on receipt, and numbered consecutively in 
the register, so that each number must be accounted 
for, and no orders go sistray without being detected. 
This number accompanies every item in the order 
on its progress to the packing and shipping room. 
The correspondence number is found in tno marking 
or correspondence department from the customers’ 
card index, which also furnishes the folio number ; 
it acts as registration mark for the correspondenc'e 
file, indicating the folder in which it will be filed 
PS soon as the order has been filled. Before the 
order passes on to the order department, the cus- 
tomer’s ledger or account number is filled in — this 
is perpetual. Opposite credit is the signature or 


initials of the credit manager authorising the credit. 
Ooj)ieR are then imidc out in the order department 
where the orders are sorted into two groups ; ( 1 ) for 
execution the same day ; (2) for orders of which 
some part must be ordered or procured. 

Manifolding System. Manifold copies are 
then made, as the order is copie l from the original, 
on forms all plainly headed and lettered as follows: 

A, the customer’s invoice. 

B, duplicate invoice for the file. 

C, the shipping anti charge sheet, on which the 
warehouseman fills in the numlx^r and weight of 
])ackages, c]ieckt‘d by the packer, whoso signature 
forms a receiy)t for the assern bled goods on the order ; 
the railway or carriage charges are added after 
consignment. 

D, consignment note for the carriers. 

K, stock clerk's copy. 

F, billing copy. 

(i, etc., in duplicate, for every department con- 
eemed in filling the order. By using the billing 
maehine it is easy to s]>lit an order so that only 
the portion of the order to be filled by any one 
department need aj)]K‘ar on that department’s copy. 
One of these copies is kept on file in the department, 
while the other is sent with the goods to the packing 
room, and signed as a recciyit by the yiacker after 
checking the goods over. 

A posting slip can also lx> supplied, containing 
only the date, name and address, total amount. 
This posted slip of eoniyfieted orders enables the a(^- 
counting department to post the charge at once to 
the proyier account in the ledger. The billing copy 
serves with the day’s sales .sheet to form a loose-leaf 
sales or day book. 

By manifolding the order thus every dcyiartment 
of the firm eoneerned can set to work simultaneously 
without waiting for one another. 

In order to ex}H‘dite the work still further the 
whole corps of typists in establishments having an 
extensive mail order business is set to write the 
orders during the morning, w hen there is a rush of 
orders, so that all orders for goods in stock can Iw 
sent off the same day. After the dinner hour, pro- 
bably, only two or three tyiiists will be required for 
orders, while the rest mail invoices, do the eorre- 
spoiidence, address circulars, etc., unless this be done 
outside by contract. 

Incomplete Orders. With n^gard to the 
second group of orders, a definite system is required 
to prevent any of the orders getting shelved or for- 
gotten, should delay occur in procuring the missing 
items of the order. As soon as a dc])artment notifies 
that an item (cannot be supplied — which should be 
done by means of a written notification to the order 
department — an acknowledgment is at once sent 
to the customer with an explanation of the cause 
of the delay, and an intimation of the probable 
date on which the full order can be despatched, 
thus giving the customer the option of having all 
the available goods forwarded without waiting for 
the article which remains to be procured. 

In the meantime, the original order, the duplicate 
forma, and a duplicate of requisition cards sent to 
buyers for the goods required to complete the order, 
are clipi)ed together and filed in the Incomplete Order 
File, indexed numerically by the Order Itegister 
Number. This file is looked through daily by 
the order clerk so that the orders may bo till jd ns 
soon as the goods arrive. 

In the Receiving Room. When the pur- 
chasing department has, on requisition from a 
buyer, issued a purchiise order, a duplicate is at once 
sent to the receiving clerk, accompanied by a 
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coloured Blip cortainint; inMiruc^tioua art to the dra- 
}K>Bal of the goods on arrival When the purchaH© 
order is sent out to till an umronipleted order, 
the instruction slip is marked Urgent. Notifyitbg 

Order Department, Order BegtAier No. , and a 

department copy of the original order is clipped 
to the purchase order, Ou arrival of the giiods, 
the receiving clerk sendrt the instruction slip by 
pneumatic tube to the order department, and the 
goods, on l)oing cheeked, to the department con- 
cerned, with the two other forms still attached. 

The department goods clerk signs the purcthase 
erder duplicate as a receipt, and returns it to the 
receiving clerk. The order is then treated like the 
new orders, and the goods are assembled from the 
(h'partments conf'crned. 

Many orders received are simple, and c*oncern 
but one department, and are sent off by ]>ost; the 
routine in this case is obvious and needs no further 
explanation. 

How to Handle Catalogues. A n^tail 
lumse is conc^erned with the handling of tw'o elasses 
of catalogues : 

(1) . Their own, dealt with by Iheir publicity de- 
]>arlmem. 

(2) . 'rhose of manufax'turers and wholesale mer- 
chants from whom they ])urcha.sc, and kept in the 
merchandise dejairtment for the l>enetit of the 
buyers. 

The tirsl class, if judiciously despatx^hed from 
carefully compiled mailing lists, should yield gocid 
results, which, by means of a simple system, may 
be traced and chec-ked. 

The practice of di.stributing catalogues broadcast 
all over the country, using unchecked mailing lists 
for the pur|)Ose, is a very wasteful one. The pre- 
naration and distribution of catalogues is the work 
of the ])uhlicity department, ami should on no 
aec.ount be entrusted to an agency. On installing 
the system, a list of from 4,00fl to (i,(X)0 names 
should be made out on cards, ruled to show name 
and address of pros^iectivo customer, date, class 
of catalogue, orders, amounts, departments, 
remarks. The list should include all customers 
of the firm, not only those who have accounts 
but the cash ciistoniers at whose* hous(*s the vans 
deliver purchase.s. 

I’hc cards are tiled alphabetically, or in souie 
casf's by namen of towns w'ith alphabetical guide 
(^anls, according to th"^ nature of the business done. 
When a new catalogue is ready to bt* mailed, one of 
the fuitalogue chirks looks through the Order Register 
and checks it W’ith the catalogue mailing card index, 
ascertaining which names in the latter have sent 
orders since the last catalogue was sent out, and 
noting the date, araoimt of purchase, and depart- 
ments concerned, the latter as a guide in despnt<;hiug 
osjKicial littiralure, notices of sales, etc. fhe goods 
in the caUilogues are all classified as cx})lained 
above, l)earing department letter and nuiiiliers. If 
the customer be recpiested to quote this designation 
ill ordering, and a column in the Order Register 
1 ) 0 , headed Catalogue No., for information as lo 
whether the numbers were given in the order or 
not (a check mark for affirmative, a cross for nega- 
tive) the catalogue clerk would know whetlier the 
orders were due to catalogues. On seeing a cross, 
he would note whether the name was included in his 
index ; if not, a card would at once be made up, and 
added to his in ailing list. The returns from the 


the ledger to Catalogues or Publicity as agaiast 
the exjienditure debited for the raake-up, end the 
balance would show up in the profit and loss 
account. 

When catalogues are returned because the ad- 
dressee* has remov€?d, his card is it^moved from the 
cabinet. Thus the expense of sending out unremune- 
rativc eaUilogues indefinitely to those who are not 
interested would bt* avoidtHl. Before giving up an 
a|»parently uninterestefl customer, care should be 
taken to ascertain whether he has receivxni publicity 
literature of all kinds from the firm, and that none 
of them have brought returnB. 

Incoming Catalogues. The handling of the 
second elnss of catalogues includes filinc and cross 
indexing for the purpose of rendering the informa- 
tion contained therein instantly available, and the 
making of quotation lists for the buyers. Catalogues 
and ]»rice books, etc., arc, on arrival, stamjied pro- 
minently on the cover with the dat^ Books are 
filed on shelves or in drawers with the backs u})per- 
niost e\ 7 )osed to view, each bearing a number on a 
small adhesive label This number should, if pos- 
sible, b<^ the same as the corrc'Sjiondence and folio 
number of the firms in <juesiion, as this tends lo 
simplify the records ; with a system of interhouso 
lele})boneH or speaking tubes, this is easily managed. 
The leaflets, einMilars, new’spajHM* cuttings, or 
tyjiewrittcn (|uotations extracted from coirespond- 
denee, an* filed vertically in fo’ders like the cor- 
rcs^Mindence. j See Business Management.] Across 
ind<‘x is then made out according to articles or 
classes of articles, such as haberdashery, tinware, 
silks, calicoes, ])in.s, sewing cotton, etc. The enrda 
bear the subject j)romiiiently written as a heading, 
while the .s]>acc below is subdivided into columna 
for name <)f firm, address, catalogue numb»*r, 
folder number, date, and page in catalogue. 

The Quotation of Price Index. The qdo- 

tation index is next made out, a card being allotted 
to each article kejd in stock. An inch of this card 
is rulc<l off horizontally across the top of the card, 
in the left-hand corner the name of the article; about 
two-thirds of the width of the card is divided into 
narrow' columns, eairh allotted to one of the firms 
who supply the article, the catalogue number also 
given ; the liorizoiital rulings are for date of quo- 
tation, the terms of payjiient, cash discount, freight 
rate. The res', of the card is devoted to the various 
sizes or types of the article. Both sides of the card 
can be used. This furnishes a complete comparison 
of (piotations of cost })rices with terms of ^myrnent. 
If desirable the last column may contain the selling 
])ri<ic. In cases wdiere the prices fluctunte consid- 
erably new' cards will have to he made out which 
arc filed in front of the old ones, kept in the index 
for reference. In order to distinguish the latest 
quotation card, it is a good 7 )lan to make a mark 
in red ink oji the top edge of the card ; this can be 
easily scraped off with a knife w'hen the card is sn])cr- 
seded. 

(h-easionally alterations ctin be made by using a 
little gummed payier to cover the discarded prict*. 

This price curd index forms a valuable buyer’s 
guide for pun^hasing goods at the lowest prices. 
There is no article that cannot be claBsified and 
subdivided in the heading to furnish competitive 
prices. Finally, this system, although designed 
for a liirgo mixed retail house, adapts itself in 


orders thus traced to catalogues are credited in simplified form to much smaller concerns. 

CtMifintied 
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tii)i 

of brewing in its entirety would be to reprint a 
large section of the general history of the world, 
for from the very earliest times man has made 
a practice of preparing intoxicating liquors from 
decoctions by the simple ]>roi*ess of fermentation. 
J'his may be historically interesting, but it would l>e 
of little j)rflcticul value, and tlu‘ main object of 
this article is to assist the beginner who desires to 
learn how to brew and how to become a brewer. 

General Outline. In order that the pro- 
sjKictiv(* brewer may be able to understand the 
detailed descri f>tions of the ptocessc's which follow, 
we will first of all give a brief outline of the simplest 
form of brewing. We will defer tlescription of the 
materials, premising that every reader is aw'are that 
Uier is brewed from water, malt and hops, which are 
fermented by means of the yeast i)lant. 

The malt is ground in a mill till every corn is at 
least eraoked, and is then know'ii as This 

grist is run into a vessel known as the mash-tun, 
and mixed with a <|uantity of hot water — water 
in brewers’ parlance being always referred to as 
liquor, 0/ice mixed with liquor, the grist again 
changes its name, and is called guod^. 

After standing a certain time at a lixed tempera- 
ture, the liipior is drawn off from the good.s, and be- 
comes tlie first u)orl. As the 
whole of the firo per tics have 
not yet been extracted from 
the goods, more hot liquor is 
sprinkh^ over the mass at the 
bottom of the mash-tun by 
means of a mechanical sprink- 
ler, This siTves to wash out 
any w’ort that may be held 
back by the goods, aiul also 
completes the extraction of the 
soluble portions of tlie mult. 

I’he pro<!esH of wiishing is re- 
ferred to as sparging. 

The next step is to boil the 
worts, and this is done in the 
copper, either by steam heat 
or by means of furnaces. 

While in the copper the worts 
receive the addition of the 
hops ; but the exact point at 
which the hops are added 
depends upon the sort of beer 
being brewed, and on the e.ustom of the brewery, as 
will be explained. Wort and hops now pass into a 
large vessel called the hop baeJe^ and as soon as the 
hops have settled the wort is run off from them 
and is cooled in large, shallow, rectangular tanks 
called coolers, and later by passing over a 
horizontal or vertical refrigerator. 

The wort once cooled, it is run into the fermenting 
vessels, which are called rounds, squares, tuns, or vats, 
according to their shapes. The liquid enters the 
vessel as wort, but leaves it as beer, because at this 
stage fermentation is induced by the addition of 
yeast, and i>art of the sugars in the wort? are 
converted into carbonic acid and alcohol 



Fermentation takes some time, the activity of 
the yeast, and the strength of the beer brewed, 
being important faetors. When the brewer finds 
that fermentation has ]>rogressed far enough, ho 
draw's off his l)eer into casks, or into a, large 
vessel called a racking square, from which the 
beverage is drawn off to the casks. 

There are tw'o main ty^ies of brew'ery at present 
constructed, though older buildings will y»resent 
almost innumerable combinations of the two systems 
— namely, the tower and the fiorizouktl plants. 

Tower and Horizontal Brew eries. I n a 

perfect tower brewery, the liquor is pum]>ed straight 
from the well or s])ring to largt* vessels at the very 
top of the building ; these vessels are called the cold^ 
liquor back, holding cold water, and tJie hot4iquo7 
back, contiiining hot water. No more pumping is 
necessary, the various vessels, backs, eoj)|x?rs, and 
so forth being pkw>ed on fioors din'ctly underneath 
one another in the exact order in w'hieli they arc 
used, so tliat at the top of the building you have 
pure water, and in the cellars you have beer. 
Starting at the top and walking d(jwn, you can set? 
every stage of the process. This sounds very con- 
venient, but, as a matter of fact, it is not in favour 
with brewers. In the first place, the head brewer’s 
attention is required in several de})artmeuts at 
onee, and the innumerable 
flights of stairs exhaust him 
and greatly hinder his powers 
of supervision. Moreover, it 
the business of the brewery 
incrciises, and extensions are 
necessary, a tower eauinot be 
increased, and a second 
brewery has to be built. 
Added to this, towers are 
costly to erect and maintain. 

Horizontal breweries con- 
sist of one or more long build- 
ings of two or more stories, 
placed side by side. The piim)> 
requirements are increased, for 
the wator has to be jmmped to 
the hot and cold liquor bocks, 
and again the wort has to be 
pumped twice, fii'st from the 
under back, or vessel below the 
miush-tun, to the cop{)ers, and 
later from the hop-back to 
Uie cooling plant. But the advantages of this 
mode of construction are great. The brewer has his 
mash-tuns, liis copj)ers, and his fermenting rounds 
all closer together, and lie has only a short distance 
to go between each. He is less fatigued, and can 
sujiervise bettor. Should extensions be required 
at any time they can be made easily. 

Tanks, Backs and Mash-tuns. Brewers 
differ in their opinions as to the best materials of 
which these important vessels should be constructed. 
8ome favour wood, either oak or one of the many 
pines, while others believe that cast iron, or oven 
copper is preferable. Of whatever material they 
are made they must be kept scrupulously clean. 
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and frequently scoured and disinfected. The 
coid-liquor back is connected with the pump. 
The hot-liquor back receives its hot water from 
the coppars, or from a detached boiler, or from 
the cold spring, the water being subsetpiently 
heated by means of steam driven through it, or 
by heated steam pipes within it; or by steam 
driven into a jacket surrounding the vessel. The 
last two methods are the most sat isfac. lory and 
economical, for the exhaust steam from the 
brewery engine, though soiled, can be 
utilisecl to heat the liquor instead of being I 

It is better I hat there should bo two mash- A 
tuns, dilfering in capacity. In calculating jHjj^ 

is well to allow at lea.st throe 

for each quarter of malt that 

tuns themselves are made of 
wood, wood lined with copper, 
or of iron. The tuns should 
have false bottoms, to permit 
of the wort being drawn off 
fi'om below, and those bottoms 
must bo securely fastened or 
they may shift and disturb the 


centre, called a dome, let down some distance into 
the copper. The boiling wort bubbles upt through 
the hole in the lid, and so returns to the copper 
without boiling over. There are other forms of this 
device, called fountains^ upon the market [2]. 

Coolers are large flat trays into which the hot 
wort from the hop back is run. Refrigerators (in- 
sist of a set of pipes placed horizontally or verti- 
cally, through which cold water runs, and over the 
outside of which the wort slowly travels. The 
second of these patterns [ 4 ] is one very much 
favoured, for by its use the wort is well exposed to 
the air and is therefore well aerated. 

Fermenting Vessels. Strictly sywaking, 
the fermenting vessel is the next piece of 
plant, but for Excise purposes, 
as will be explained later, 
very many brewers run their 
w'ort from the coolers to a 
s}>ecial collecting vessel, where 
it remains for twelve hours 
or until the Revenue ofticers 
have satisfied themselves as 
. to its strength. Then it goes 
“**1 into the fermenting vessels. 

A Collecting vessels, like ferment- 
ing tuns, may be either round 
or s(|uare, and are made in 


mashing. They must bo well 2. BREVVINU t^oPPEK WITH FOUNTAIN same way ; but they may 


])erforated. Most breweries are (Lumley & Co., Ltd.) 

now cfpiipped with mashing 

rakes, which revolve by machinery inside the the to]). Fermen 

tuns, and enable the brewer to mix his mash slate, or stone, 

thoroughly; and we shall assume that they are to of English oak i 

be used. best, but they 

Above the mash-tun, or placed so as to be able many brewers i 

to be brought into convenient action, are revolving and Dantzig firi 

perforated s])rinklers, much like our familiar lawn vats forms an i 

s])riiiklers. These arc the spargers, and it is of the trade, and need n 

greatest importance for the brewer to see that the All fermenting 
sparger delivers an ecpial volume of water over sterilised before t 
the whole of the iiiash-tun when it is woiking fl], wooden tuns, th 

Grist Mill. Before being mixed with the of boiling water; 

liquor the malt must be 
ground, and a number of in ills 
for this ])urpo.se have been 
invented. The main point to 
be aimed at is tliat the malt, 
whi(di has iireviously been 
screened to free it from dirt 
and rootlets, shall be eufliciently 
crushed to enable the liquor to 
got at the contents, but shall 
not be ground so line as to form 
a porridge with the mushing 
liquor. Very oft^n, in modern 
breweries, the student will find 
mashing machines which mix 
the water with the grist as both 
pass into the mash-tun. These 
arc convenient and economical. 

Coppers and Coolers. 

It is usual to collect the wort 
in an undcrback beneath the 

:rj-r 4';^“ srJsa »■ ».x.. 

coppers may bo heated directly ATTBMFBBATOU 

by fire or by means of a steam 

jacket. Their size depends on the custom of the ances for doing thif^ 
brewery, some brewers preferring to boil the whole One very effective 
of the wort of one brewing at once, while others and pulling up a i 

make two or even three boilings of the wort ffomjhe bored in it. This ii 

mash-tun. To prevent the wort from boilinglNllFer, well; while at the si 

many brewers have a conical lid with a hole in the of the liquor. Ag 
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;o., Ltd.) of any convenient depth, 

and may be filled close up to 
the to]). Fermenting vessels are made of wood, 
slate, or stone. Of wooden vessels, those made 
of English oak are the most durable and the 
best, but they are very costly, and, therefore, 
many brewers make their tuns of Norwegian 
and Dantzig firs. The manufacture of these 
vats forma an important branch of the coo])er'8 
trade, and need not be dealt with here. 

All fermenting vessels must be scoured and 
sterilised before the wwt is run into them. With 
wooden tuns, this can he effected by means 
of boiling water; but if the vessels are of slate, 
very hot water cannot be used, 
ns slate splits at the temperature 
of 2 1 2"* F. Slate tuns are there- 
fore cleansed with neutral 
sul])hite of lime. Of course, 
stone and slate vessels are 
made square. Fermenting 
tuns should be provided with 
eoils of 1 ) 11)08 in a conical form, 
rising from the bottom through 
which hot or cold water may 
be run. Those are called 
attemper ators, and their use is 
to enable the brewer to main- 
tain any desired temperature 
within the fermenting wort. 
Tuns are generally provided 
with some form of mechanical 
skimming board, which enables 
the rising head to be quickly 
skimmed off and collected [ 8 ]. 

S WITH SKIMMBB ^ 

IPHRATOB agitate slightly boer which is 

Uofud)^ fermenting — to “ rouse ” it is 

** '' the technical terra — and appli- 

ances for doing this are to bo found in many breweries. 
One very effective method is by means of sinking 
and pulling up a small weighted barrel, with holes 
borCMfi in it. This is very simple, and rouses the beer 
well; while at the same time it increases the aeration 
of the liquor. Again, a centrifugal pump which can 


deliver a stream of the beer from the bottom of the tun 
to a feyr inches above the surface of the fermenting 
wort is also a capital rouser and aerator, but it is costly. 

Cleaning and Malting Planta. Every 
barrel that has been used must be thoroughly 
cleansed before it is filled again, and for this pur«* 
pose a large number of i)atent machines have been 
devised. The general principle of most of them, 
however, is the forcing of steam at high pressure, 
and therefore superheated, into the vessel. Our 
rejiders are familiar with the bottle-washing appli- 
ances which are to be seen all over the country 
in many kinds of factories. A boiler, supplying 
a plentiful amount of boiling water, with mains and 
so forth, for conducting the water to the various 
parts of the brewery, complete the cleaning plant. 

Where the brewer makes his own malt, he must 
have a number of apartments, with cemented or 
tiled floors, on which to prepare it. He must also 
have a eislem and sprinklers, for steeping and 
sprinkling the grain. A drying 
kiln is necessary, and it may be 
arranged with two floors so that 
the malt may run easily from 
the upper, or cooler, floor to 
the lower or hotter one. These 
kilns are heated by furnaces. 

Machinery for screening an<l 
cleansing the barley and malt 
from dust »and other impurities 
is also included in the plant. 

Hop Storage. In nuist 
breweries the hops arc stored in 
a cool lof^, free from moisture, and 
with a temperature ns even as 
possible. But the most 
modern csttiblishments 
have introduced a system 
of cold storage, which is 
very economical in the 
long run. A number of 
refrigerating chambers, 
similar to those utilised 
for keeping meat on large stt*ainers, are set aside 
for the storage of hops. These rooms are kept at 
a very low tem})erature by means of carbonic acid 
refrigerators, ami it is claimed tliat hops may be 
stored thus for any number of years without under- 
going any deterioration. This is important, for 
in a good year the brewer can buy in a large store, 
and so be inde|>endent of the rise in the market 
if, in the following year, the crop should fail, and 
})rice8 be exorbitantly high. 

Brewing Waters. All the natural waters 
contain a certain percentage of salts, and the pro- 
f)ortion of these, one to another, determines the 
fitness or unsuitability of the liquor for brewing. 
Again, the proj^rtions of salts give to the lieer 
brewed from the water its distinctive character. 
Beers brewed at Burton-on-Trent differ materially 
from those brewed at Romford or London, though 
the process of brewing may be identical in tlie 
breweries. This is because the Burton water is 
I»eculiarly good for brewers’ use. 

As a guide, we give the analysis of the two 
principal waters used in the brewing metropolis. 
The quantities of salts contained are stated in 
grains per gallon. 

Carbonates of lime and magnesia . . 1 1*4 

Sulphate of lime . . . . . . 43’0 

Sulphate of magnesia . . . . . . 12*0 

Cliloridea of the alkalies . . . . 5*0 


roop SUPPLY 

This is the composition of the gravel water of 
the town. From deep wells the Burton brewer 
obtains water containing, in grains per gallon, the 
following salts : 

Carbonates of lime and magnesia .. 15*4 

Sulphate of lime . . . . , , 61*9 

Sulphate of magnesia .. .. 30 ’0 

Alkaline chlorides .. .. .. 4*2 

Ckniipare these analyses with that of water 
used in one of the Thames Valley breweries which 
contains, in grains per gallon, according to analysis, 
the following salts ; 

Carbonates of lime and magnesia . . 4*9 

Alkaline carbonates . . . . .. 13-0 

Alkaline sulphates .. .. 14*4 

Alkaline chlorides .. .. .. 13*9 

The difference in eom position is plain. These 
analyses were made by Mr. E. R. Southby, the 
famous brewing expert, and may 
be taken as typical. This authority 
holds that water for first-class 
brewing should contain from 18 to 
28 grains of sulphuric acid, in the 
form of sulphates, per gallon, for 
Burton beers. For black beers 
the com|K)Hition of the water from 
which the celebrated Dublin 
^ touts and yK)rtera arc brew^ed 
gives the best results. The 
Dublin water eont^ains only 0*8 
^ grains per gallon of sulphates, 
“* while of the carbonates of lime 
and magnesia 1 1 grains 
y)er gallon is about the 
average. The chlorides 
are very small in amount, 
1*8 grains |)er gallon being 
about the average. 

Brewing analysts be 
lieve that the carbonates 
of the he^ivy earths such as 
lime 5ind magnesia should be present in browing 
waters to the extont of about ten grains per gallon, 
and there must always be a certain proportion of 
chlorides. If the water bo deficient in chlorides 
they must be added to the liquor by the brewer. 
For pale ales the sulphates of lime and magnesia are 
essential to success, and the brewer should add to 
his liquor sufficient of these sulphates lo bring this 
water up to the Burton standard. The .sulyihates 
and carbonates of the true alkalies, on the other 
hand, are injurious, as are all combinations of iron, 
and where the latter are ]>resont the iron will have 
to l)c removed before the water is fit for brewing. 

Nitrates and nitrites of alkalies and minerals 
in the water have a restraining powder on the yeast, 
and fcrmenLdioii is slow and irregulnr. The 
yeast rapidly deteriorates, losc.s its character, and 
the beers are poor and impalatable. There is no 
really reliable method of getting rid of the nitrates, 
and the only thing the brewer can do is to make 
frequent changes in his yeast, obtaining the plant 
from breweries where the water is not loaded with 
nitrates. Purely organic matter in the water must 
be removed by filtration, or the beer will rapidly 
spoil and the brewery will suffer ac'eordingly. The 
brewer will have to rely on a chemist for estimation 
of the organic matter in the water, anrl this matter 
is generally stated in terms of albuminoid ammonia, 
A good water should have less than parts per 
million of albuminoid ammonia. 

Continued 
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ROTARY AND OTHER PUMBS 

^ Rotary, Drum, Centrifugfal, Worthingfton, and Ashley 
Pumps. Pumping^ Machinery and Pump Speeds 


By Professor HENRY ROBINSON 


pOR hard iiaago in shallow depths. Tip lo 30 ft., 
* rotary pumiws are very efheieiit both witli clean 
and with dirty water. The wheels should be of 
cast steel (jnrofully turned, chased, and well fitted 
into the pump ehest to ensure silenoe in working as 
well as efli(a<*ney. 

The Drum Pump. This ^nimp flO] is suit- 
able for removing semi-liquids, such as slurry, 
or w'astes from brewerits, pa|>er mills, .soap maiiu- 
factoricH, etc. It consists of a revolving piston 
swceiiing out the cylinder at every revolution, the 
revolving piston dipping into a revolving valve or 
(cylindrical drum, the o])enings in whi(ch are arranged 
so that the jiiston passes through without slip, back 
])rCKsure, or undue friction. When the revolving 
jiiston moves round from the revolving valve a 
vacuum is formed, into which the w’ater flows and 
is forced in the front face of the piston. 

Water-seal Rotary Pump. Another 
form of rotary jmm)) is shown in 11, and is manu- 
factured by the Albany Engineering C'ompan3^ The 
chief feature of this pump is that slip and leakage 
have been reduced by the introduction of groove 
cuts along the face and (‘dges of the t/ccili, so that 
in rotating a body of water lodges in the grooves, 
forming a watc*r-seal joint, or cushion, between 
the casing and the rotating rollers, thereby ]>ro- 
duciiig nn eflicient vacuum. Centrifugal force also 
adds to the efticieucy of the pump. 

Centrifugal Pumps. Wlien large volumes of 
water have to be raised small heights, centrifugal 
pumps are very suitahlc. The gcmeral construction 
of this form of imm)» consists of a revolving shaft 
furnished with vanes extending from near the centre 
outwards to the circumference of the impeller, 
and arc usually curved backwards. The iiiijM'ller 
is encased in an approximately circular box. The 
centrifugal force iiiqiarled to the water by the 
revolving vanes teniJs to move outward, and is 
allowed to ji.iss off, through the d('liveiy outlet 
of the case, tangentially to the imjK'lU'r. 

Preparatory to starting a cfuitrifugal pump 
it is m^cess.iry to charge it with the licpiid that is 
to be pinu]>c(i. This (!an be done either by an over- 
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head tank, steam ejector, or, if it be pumping water, 
by a branch of the water main. It is advisable to 
place a foot valve on the end of the suction pipe to 
hold up the water, as jmmps of this description are 
liable to drop the load apparently without any suffi- 
cient cause. It is also advisable to keej) the pump 
as near the water-level ns possible. To meet the 
difficulti(‘H that arise where centrifugal pumiis havi 
to he used for high lifta, and where the space foi 
them is limited, compound pumps have been suc- 
cessfully employed. The size of the wheels and the 
speed of these pumps is lessened. Centrifugal pum])H 
work with their greatest efficiency only when a con- 
stant h(jad is maintained. The efficiency has been 
found to b(* .50 per cent, for small and 70 per cent, 
for large centrifugal pumps. The speed of centri- 
fugal pum}>s is dealt with four pages further on. 

The illustration [12] shows one of Messrs. 
Robert Warner & Cki.’s 7-in. belt-driven centrifugal 
]>umns with fast and loose jailleys. This pump is 
ea))able of delivering 750 gallons ]>er minute for a 
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DRUM PUMP ROTARY PUMP 

lift of 20 ft. when working at 500 revolutions per 
minute. The diametor of the pro])eller is I ft. A in. 

The salvage of shi})H with their cargoes has for 
many years lx‘en a subject of considerable interest, 
not only to underwriters and shipowners, but to 
everyone who has any eoneern in maritime affairs ; 
and this is not at all surprising if the statement 
(which is made upon good authority) is true that 
the annual loss of shi|»8 and cargoes on the coast 
of (3 real Britain exceeds £9,000,000. 

The employment of direet-a(!ting centrifugal 
jmmping engines to salvage shijm has engaged the 
attention of Messrs. J. & H. G Wynne for many 
years, and their “ Invincible ” plant has been 
largely used. An interesting example of the use of 
these pumps for salvage is shown in 16. 

The Ariadne was sunk off the pier at Barrow, 
and the illustration shows the vessel at low water 
with the “Invincible ” centrifugal pumping engines 
belonging to the British Marine Salvage Company, 
Limits, in imsition. The decks being submerge 
at low wafer, the hatch combings had to be built 
upon, and the operations were rendered still more 
difficult owing to the rapidity of the rise of the tide. 
The work was successfully carried out, and the 
vessel placed in dry dock for repair. 

The “ Invincible ” pumping engines and pumps 
[16] will, it is maintained, aspirate or draw water 





CIVIL CMQIIISERINQ 



18. PUMPINa BY ANIMAL POWER 


28 ft., and the larger rSzcs 25 ft. to 30 ft. ; but when 
a stoam ejector ia uaed for charging, tlie to]) of the 
pump caaing ahould be witliin 25 ft. of 
the water level, as that is the extent to 
which such an appliance is efficient ; but 
when the ]iump is once charged it will 
feteh the water 30 ft., provided always 
that the joints, etc., are i)erfectly tight. 

Pumping by Animal and 
Windmill Power. Animal power is 
often employed to drive small pum^js. 

Figure 13 shows this manner of working 
pumps. The animal is harnessed to a pole 
and walks roinxd and round, operating gear 
wheels which drive the pump. This })ar- 
ticular ilfijstration shows one of Messrs. 

Merry weather & Sons' api)liance 8 . 

The employment of windmills for driv- 
ing pumps has been successful in many 
plac/CH, but as the results ain*! dependent ^4 
on the wind, tanks should be provided 
to store the water and to ensure a fairly constant 
supply. Figure 19 shows a typical windmill 
pumping station for small sup})lie 8 . Figure 14 
shows the kind of pump worked by windmills. 

Strength of Pumping Machinery. 
The strength of the pumps and machinery must 
be in proportion to the head of water against which 
they have to punij). The pressure per unit of area 
is inde|)endent of the area of the pi}>e, but additional 
work is thrown on the punijis if the pi|K *8 are too 
small, or if they have sluirp bends, owing to the 
friction caused thereby. liCt 1 ) — diameter of pump 
in inches, 8 - stroke in inches, N - strokes per hour, 
then D - X 8 X N X '00284 ^ contents of pum|> in 
gallons per hour. Thus, a pum]) 2 in. bore x 9 in. 
stroke, making 1,500 complete strokes ])er hour, 
would deliver 151 gallons per hour, if there was no 
wastfx ; blit a percentage of water alway.y slips by 
the valves at the end of each half-stroke, and it 
is usual to allow about 25 per cent, for this loss. 

To obtain a continuous and even delivery of 
water, and to reduce the shock on the valves at the 
reversal of the stroke, pumps have been constructed 
with two and three plungers discharging into a 
common rising main. The jdungers work in rotation, 
being operat(3 by cranks on the same shaft. The 
illustration | 20 ] shows a tliree-throw pump manu- 
factured by Messrs. Hayward-Tyler & Oo. In this 
ease the pump is oj)crated by an electrical motor 
of 16-horse power. The plungers of the pump are 
5 in. in diameter, with a 9-in. stroke, the revolutions 
being 49*5 per minute. This pump is capable of dis- 
charging 50,000 lb. of water per hour against a 
pressure of 100 lb. per square inch. 


In the crank and flywheel tyjxe the pump-piston 
speed is variable, according to the angularity of 
tne connecting-rod, and trie quantity of water 
varies from zero at the ends of the stroke to a maxi- 
mum about half stroke, when the pistons are 
moving with a velocity equal to that of the cranks. 
This, it will Ixe noted, causes a variation in the rate of 
delivery of the water in the rising main. The severe 
pressures that would bo set up in the pump (due to 
the inertia of the water, and its velocity) may be 
comyxensated for by placing on the rising main at 
the punif) an air ve.ssel, which acts as a buffer, or 
cushion of air, and takes up the shock. Figure 17 
shows a form of air vessel that Inus been emoloyed 
by the writer on several of the works that he has 
carried out. In eases where heavy pimsurcs arise, 
a difficulty exists in retaining the air in the vessel. 
It is therefore neeessary to provide an air pump 
to supply the vessel with air as required. 

The Worthington Pump. This form of 
pump meets the conditions as regards varying pres- 
sures that have been referred to, the* 
delivery being uniform at all yiarte of the 
stroke. There are two pumps, each double 
acting, the flow from one dovebiiling 
into the flow from the other. The stexim 
cylinders, as will be seen from 18 , are 
directly in line with the pum)>s, there 
being no cranks or flywheels. This illus- 
tration shows an HOO-horse ]K)wcr Wor- 
thington pumf)ing engine. The low-prt's- 
Kure cylinders are 82 in. and the high- 
pre.ssure 41 in. in diameter, the pump 
yilungcrs being 12 in. in diameter. The 
steam pressure is J(K) Ih. jier square 
inch. This engine works against a prc?a- 
sure of 1,500 lb. jaT square ini-b, which 
is equivalent to a dead load of 151 tons. 

The more recent form of thi.s pump 
[21] has been installed at the East Ixm- 
don Waterworks, and was constructed by Messrs. 
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James Simpson Si Co. 

The duplex pumping en- 
gine invented by the late 
Mr. Henry R. Worthing- 
ton possessed reliability 
and simplicity, but was 
not economical in steam 
consumption. To ac- 
complish this by a fly- 
wheel, or similar device 
for storing energy, 
would have taken away 
the characteristic advan- 
tages from the engine, so 
the Worthington com- 
j>ensating system was 
adopted, which permits 
the cutting-off of the 
steam in the cylinders, 
and its subsequent ex- 
j)ansion to any degree or 
extent, thus giving to 
the direct-acting engine 16. “ iNViNriBi.K ” rUMPlNU ENUINK AND PUMP 

the advantages, as re- 
gards economy due to expansion, that are obtained connecting to the low-pressure pistons. The piston 
by the flywheel engine, without in any way affect- rods between the intermediate and low-pressure 
ing the duplex principle. Figure 21 shows the cylinders work through long sleeves, thus doing 

engine constructed with this compensating arrange- away with two stuffing boxes, 

ment. The attachment consists generally Bore-hole Pumps. Where water ‘ 

of two oscillating cylinders, au])]»ortcd from to be raised from bore-holes, a pump speoi- 

the main frames. These cylinders contain ally made for the purpose is employed. 

]»lungers, which are attached to the piston rods , Figui e 22 shows one of Robert Warner & Co.’s 

between the steam and the water ends. bore-hole pumps. The size and length of 

They are connected by ])ipes, and are filled ^ stroke varies from 3 in. upwards, according 

with water or other fluid, to the surface of to the diameter of the boro-holo and the 

which air is admitted at a pressure suitable dis(;harge required. 

to the duty to be accomplished, for the pur- With this pump the usual suction valve 

pose of maintaining a constant load at a is dis{.)ensed with, and in lieu of it a delivery 

I)raetically constant pressure on their pistons valve is placed above the bucket. On the 

thcough the medium of the liquid. The up stroke of the latter the water flows into the 

action of the plungers is to resist the advance barrel ; on the down stroke the water passes 

at the beginning of the stroke, and to assi.st through the bucket valve as the latter 

it at the end, the air meanwhile exerting its descends, while on the up stroke it is lifted 

unvarying inHuence at each end of the stroke. I I and forced through the delivery valve. 

The two cylinders act in concert, being placed l - J The suction is fitted directly to the bottom 

directly opposite each other, and |)erform the 17. air of the barrel, so that the water flows straight 

function of a flywheel. In the arrangement vessel ^^fo it. 

of piston rods the high-pressure ones are " The bucket and delivery valve both com© 

directly coupled to the pump rods. Between the out and go down at the same time, and there is no 
high-pressure cylinders and the pump end there is separate operation required for withdrawing the 
a crosshend to which are attached two side rods foot valve, as is the case with ordinary pumps. 

It is someti mes 
necessary to place a 
strainer on the suction 
pipe to prevent solid or 
gritty matter gaining 
access to the pump. 
Figure 23 shows Messrs. 
Hayward-Tyler & Co.*i 
foot valve and streiner 
for bore -hole pumps, 
while 24 depicts 
Messrs. Ham Baker’s 
strainer for ordinary 
suction pipes. 

The Ashley 
Pump. This pump 
was designed to super- 
sede the old form of 
bucket and bottom valve 
pump, and to remove, 
in 80 doing, two of the 
difficulties experienced 

18. WOBTHINOTON PUMP in connection with 
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underground 
j) II til ]n n g. 1 1 i 8 
8onietiiiie8 the cuse 
in thiH class of 
pumping, notably 
in wells, that the 
pump itself has to 
lie placed at a great 
depth below the 
R u r f a e o of the 
ground and eon- 
ncch'd to the en • 
gin*^ driving it by 
a correH]>ond ing 
length of pump rod. 

In some cases, 
when a stoppage 
occurs, the water 
may rise in the 
pum])ing shaft to 
a c. o 11 s i d e r a b I e 

height (sometimes 
200 ft. or 300 ft.) 
above the level at which the jiiimp is fixed, and 
render it impossible, wifhout the aid of divers, of 
ayiproach from the outside for examination or re- 
pair. These conditions necessitate the use of a 
pump constructed so that all its working parts can 
lie drawn up through the rising main when it is 
desired to effeet any such examination or repair, 
and the diameter of the bucket must therefore be 
a little loss than the diameter of the rising main 
through which it has to be drawn to the surface of 
the groiinfl. 

The type of pump mostly ustd hitherto in well 
bore-holes and mines consists of a bucket recipro- 
cating in a working barrel above a fixed bottom 
valve, with which latter there is very freipient diffi- 
culty. This most vital part of the pump is. as a rule, 
the part most subject to violent shock and eonse- 
(picnt breakdown, while, at the same time, to add to 
the difficulty, it is always extremely inaeeessible. 

In the “ Ashley ” pump there is no bottom valve. 
The only working part is a single buck t reciyirocat- 
ing in the ordinary way in a working barrel. In this 
bucket are mounted the delivery and suction valves, 
so that when any examination has to lie made the 
wliole of the working parts are drawn through the 
rising main to the surface of the ground. 

The action of the pump is simple. On the up 
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stroke the de- 
livery valve 
(DV) is closed 
and water is 
lifted. At the 
same time the 
suction valves 
(SV) open, and 
water ])Ours 
into the in- 
terior of the 
bucket and 
lower part of 
w' Diking bar- 
rel. Ui>()n the 
dow’Ti stroke 
tlie delivery 
valve opens 
and the suction 

valves (dose, and the bucket sinks to the boftoit^ 
ready to begin another up stroke, and so on. 

The largo waterway available in these puin|is 
permits them to be worked at liigli syKJcds. 

TIi'tc are two distinct types of tlic “ Ashley ’’ 
pump. One [26] is the ordinary ty|>e for general 
wmrk, while 27 ilhistrates the type employed 
where it is desired to work on suction — that is, to 
pump the water Ik^ow the Icvtd of the pump barrel, 
such as in sinking operations. The latter, however, is 
rarely used. The bucket employed with both types 
is the same, and is shown by 26. 

Figure 28 dejiicts a three-throw pump mado 
by Messrs. Robert Warner & Co. The diameter 
of the pump is 4 in., with a thin, stroke, and is 
capable of raising 2,000 gallons jier hour, against a 
head of 200 ft. 

Speed of Pumps. The number of rcvolutious 
|>er minute to which a pump should work must 
dc]xmd on its construction. The chief thing 
governing the spt'cd of a pump is the promptness 
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with which the valves reseat themselves on the 
beginning of the return stroke. With iniilti])le 
valves, which give a large waterway, with small lift, 
quick reciprocation may h(‘ secured. But pumps of 
the “ bucket ” type do not admit of multiple valves, 
and therefore require a pause at the end of the stroke 
to allow the valves to resfvit themselves without 
undue shock. It is therefore nccc'Hsary with pumps 
of this t 3 r):)e to have a high bucket sfKUHl, which is 
obtained by lengthening the stroke. 

The chief difficulty in working pumps is that of 
keeping the valves, etc., watt'rtight, and it is here 
that plunger pumps are superior to piston and 
bucket pumps. The speed, therefore, should not 
exceed 30 revolutions |ier minute, but the aver- 
age speed for ordinary working may be taken as 
al^ut 25 revolutions per minute. 

The speed at which a centrifugal pump shoiiUl 
be run increases approximately as the square of the 
height of lift. The revolving wheel has to over- 
run the flow in that increiising degree, whil? the 
effect due to impact falls off with the increasing 
velocity of the wheel. High-H]:)eed centrifugal pumps 
attain a velocity at the iini^eller i>eriphcry of 40 ft. 
\ieT second. 

In selecting the best ^ype of pumping engine to 1)6 
adopted for any particular place consideration as to 
working cost must not be forgotten. Professor 
Unwin, in his Howard Lectures on the “ Develop- 
ment of Power,” reduced all costs to one common 
standard — namely, “ the cost of one pump horse- 
power maintained day and night continuously for 
one year, such horse- power being neither nominal 
nor indicated, but tm actual 33,000 ft-lb.^ work 
measured* in water raised per minute thlRghout 
the year.” The advantage of this is that. 

Pumps concluded; followed 


having determined the height of lift, the cost per 
l,tX)0 gallons of water pumped can be estimated. 

The “ duty ” of pumping engines is expressed by 
multiplying the weight in pounds of water raised by 
the ])umi)8 by the height in feet to which it is 
raised for the consumption of a given quantity of 
coal in the boilers. It is usual in specifying for 
pumping ])lantH to require the makers to guarantee 
a certain “ duty ” for their plant, which is to bo 
stated as the number of pounds of water raised 1 ft. 
high per hour by 112 lb. of coal consumed in the 
boilers, on the basis of 10 lb. of water being evapor- 
ated per 1 lb. of coal. This coal unit is sometimes 
made 100 lb. instead of 112 lb. Taking the 112 lb. 
unit the ” duty ” is calculated as follows ; 

] horse- ])ower — 33,000 lb. raised 1 ft. in 1 minute. 

„ „ — 33,000 X (K) lb. raised 1 ft. in 1 hour. 

„ „ 1,980,000 ft. -lb.. per hour. 

Introducing the coal unit of 112 lb., and dividing 
it by the coal consumed per horse-power hour, we 
obtain a fraction which, if multiplied by the total 
foot-lbs. per hour developed, will give us the ” duty ” 
08 follows : 

^12 X 1,980 ,000 X 60 

lb. of cool consumed per h.-p. hour. 

As the duty is always expressed in millions, the 
formula becomes : 

Duty in millions , 

lb. of coal consumed })er h.-p. hour. 

In the early days of pumping plant a duty of 
60,000,000 was considered go(xl. With the increase 
of steam pressure and the use of compound and 
triple expansion engines, a 100,000,000 to 120,000,000 
duty is quite usual at the present time, and may 
indeed be exceeded when it is desirable. 

by Harbours and Docks 


6064 


TANNING & MEDICINAL BARKS 

Group 28 

APPLIED 

BOTANY 

Oak and Wattle Tanning Barks. Tanning Extracts. Peruvian Bark 

13 

and its Febrifuge Principle— -Quinine. The Sacred and Lesser Barks 

BAEKH 

contiiitied from 
page 0398 


'T'HE various natural products used in tanning 
^ leather depend upon the presence of tannin, 
and yet tannin used alone is not a suitable sub- 
stance for making leather, the success of the opera- 
tion depending on the other ingredients which occur 
naturally with it. It is on this account that the 
various tanning agents produce different kinds of 
leather, the product of different countries and tan- 
neries having characteristics that depend on the 
agent used in making the leather. The most 
important group of tamiing agents is that which 
includes oak and wattle barks. Oak, which is the 
oldest known tanning agent, is first described, while 
the cultivation of wattle is given at some length, 
because it is a suitable indiistry for establishing 
in many of the countries of the globe, and is very 
profitable on cheap land. 

The collection of barks used in medicine is, in 
the aggregate, an important industry. AlthougH^ 
some of the barks are used in comparatively small 
quantities, others, such as cinchona, are important 
articles of commerce ; and various barks are used 
in the culinary arts as well as in medicine. 

Oak Bark. The tanning substance par 
fxcellenct is oak bark, its 8uj>eriority being said to 
lx* due teethe fact that it yields its tannin under 
the most favourable conditions, and so gradually 
that the tanning matter iienetrates and 
combines equally with the tissues of the 
skin. The slowness of the jiroceas is 
one of the reasons why other tanning 
agents are substituted or mixed with oak 
bark. The varieties of Querem robur, from which 
oak bark is obtained, an? Quercus se/isUi flora and 
Q. peduncvlata ; in France, Q. ilex, and Q. touzza ; 
in the United States, Q. ndtra, Q. vehUitia, and 
Q. alba. China and Japan also have oak forests 
from which tanning bark is obtained. The quantity 
of tannin in oak bark varies from 8 per cent, to 
14 per cent. Stripping takes 
place between April 15 and 
June 15, the bark being easier 
to separate when the buds begin 
to swell and the first leaves 
appear. Mild, damp weather is 
best, and the morning preferable 
to evening. The barking is thus 
performed: Two circular cuts are 
made at the foot of the tree 
about 2 ft. to 3 ft. apart, then 
by using the peeling iron [7] 
vertical cuts are made t-o connect 
the horizontal bands and form 
the bark into strips. By moans 
of the peeling iron the end of the 
strip 01 bark is detached, and by 
pulling this end the piece of bark 
reeidily comes from the tree. 

This process is repeated till the 
trunk is denuded, when the ii-ee 
is out down and the branches 
stripped. Cutting takes place 
when the tree is twenty years old. The bark is 
dried by spreading on the ground on twigs and 
brushwood, and afterwards stacked in such a way 
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that the bark cannot be injured by rain. The bark 
is divided into classes, and each kind is separately 
broken up into pieces and packed in bags or cases 
for sale, a riddling process being first gone through 
to separate out the foreign matter. An acre of 
oak underwood twenty years old yields from 
3i cubic yd. to 8 cubic yd. of wood ; each cubic 
yard of wood from 75 lb. to 110 lb. of bark. 

The Wattle-tree. The bark of the wattle- 
tree has long been used for tanning leather, but it || 
only comparatively recently that it has 
systematically cultivated. The wattles are na 
of Australia, at least 312 species being known, 
of which contain more or less tannin, but ^ihly 
three are sufficiently rich in tannin to bo WPrtn 
cultivating. These are : Acacia pycnaniha f8J 
(South Australian broad-leaved wattle) ; A. deem- 
rena [9] (Sydney black wattle) ; and A. moUiaima 
(Tasmanian and Victoria black wattle). The two 
first named are those recommended for cultivation. 
A. pycnantJui shows a range of 28 '5 to 46*47 per 
rent, of tannin, the range in A. deenrrena being from 
15 i»cr cent, to 36 per cent. The latter is a more 
rapid grower, but A. pycnantha is hardier. 

Planting Wattles. Baron von Mueller re- 
commended the planting of wattles on worn-out 
lands in Victoria, but the soil for preference should 
be sandy, with a clay subsoil. On lime- 
stone formation the' bark of the tree is 
inferior m tannin, 'bpt the trees grow 
well in such a soil. In California lime 
soil is employed, and in Natal virgin 
grassland with light friable loam over gravel 
and clay is found to answer admirably. The 
trees succeed well under an annual rainfall of 16 in. 
to 20 in., but unlimited moisture is thought to 
make the bark deficient in tannin. Wattles will not 
stand more than from six to eight degrees of frost, 
Wattle seeds are very small and hard. There 
arc from 20,0(X) to 30,000 of. the 
seeds to the pound, and they are 
so hard that if plac^ in -the 
ground without preparation they 
would remain dormant for years. 
It is usual to prepare the seeds 
by heat. The se^s are either 
(1) roasted in a frying pan; (2) 
covered with boiling water and 
left till soft; or (3) mixed with 
hot ashes obtained by burning 
brushwood. The prepared seeds 
are next mixed with sand and 
planted in drills. The seeds 
should not bo covered too deeply 
with soil — one inch deep is 
ample — and if only sparingly 
sown will lessen expense for 
transplanting. The seedlings 
are transplanted when one year 
old to their permanent position. 
In ten years from sowing the 
seed the wattle-tree is in its prime, 
but the trees are old enough to bark in their seventh 
year when they are 5 in. or 6 in. in diameter. The 
bark of the tree is richer in tannin than the branches, 
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but the whole tree is bared of bark at the same 
time. Peeling con be carried on at all times of the 
year in some parts of the world, but in Australia 
the best time is when the buds are swelling. 

BarKing the Wattle. With a short- 
handled axe the dead twigs and leaves at the 
base are cleared away and a cut made into 
the bark as near the ground as possible. The 
barker then lifts the edge of the bark, and by a 
scries of strong jerks xieels off a broad strip as 
Jong as the height from the ground 
to the first branches of the tree [lOJ. 

Strip after strip is pulled from the 
trunk until it stimds as bare as a tele- 
graph pole. The tree is then felled, 
and the work of stripping completed 
on the branches. The fresh bark is 
thrown over ]>olos to dry and the 
trunks are cut up for mining timber. 

portable tramway through the plan- 
^tion convcy.s the bark to the drying 
sheds, which are simple but ingenious 
galvanised iron affairs, in which six 
tons of bark can be sheltered. The 
long strips of bark are hung on poles, 
and the ends of these poles are put 
through rings in two heavy chains 
that hang from two parallel bars. A 
series of these poles loaded with hark 
is fitted to the rings a foot or two a^iart 
in the chains, and one by one they are put across 
the parallel bars with their ends resting u|>on them. 
In line weather those poles with their loading of 
bark remain hanging on the long bars, but on the 
approach of rain a yoke of oxen is attached to the 
chain of poles by a wire rope, and, like the shutting 
up of the bellows of an accordion, these poles are 
drawn close together down the parallel bars into 
the shelter of the corrugated iron roof, 

The value of the bark de])end8 largely on its 
colour, this being best preserved 
in the process of sun-drying just 
described. The bark is sent into 
commerce in three forms: (1) in 
bundles ;* (2) chopped into short 
chips ; and (3) ground to fine or 
coarse powder. Fine grinding is 
not recommended, as the powder 
is difficult to mix with water in 
that state. 

Yield of the Wattle- 
tree. Various estimates have 
been published as to the yield 
per tree and profit per acre on 
wattle growing. They naturally 
vary with the value of the soil 
and the cost of labour. Mr. J. E. 

Brown, a South Australian expert, 
estimates that an acre of land 
should raise about 10,000 trees, 
which, at six or seven years, would 
yield 15 lb. of bark each — 7 tons of 
bark per acre. A better yield would 
l)e obtained by allowing part of the 
trees to mature, the first harvestings being in the 
nature of thinnings. Mr. Brown stated that 100 acres, 
should show a profit of over £1 ,000, besides paying 
7 per cent, upon the money ex]>ended from putting 
in the seed to barking. T^he purchase price of the 
land was taken at £23 per acre. Mr. J. H. Maiden, 
another authority, estimates that the tj^fit, eight 
years from planting 100 acres of wattldT would be 
£2,550, after making full allowances for rent, 
interest, and all possible expenses. In Natal the 
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cost of stripping, drying, and packing the bark 
amounts to 308. per tori. At the Town Hill planta- 
tion near Pietermaritzburg sixty men az^i. needed ■ 
for 2,400 acres. The estimates of yield per tree 

f iven above are very conservative, as Mr. J. E. 

Irown states that he has stripped as muoh as 
320 lb. of bark from one tree of A. pycnanihetf and 
nearly half a ton from a tree of A, decurrena. 

Hemlock Bark and Extract. This is 
the favourite source of tannin in North America, 
and is obtained from Tsuga canadensis 
(Linn.) Carr., and T. heterophylla (Baf.) 
Sarg. Hemlock bark contains .8 to 
10 per cent, of tannin, whilst the 
extract, the form in which it is ex- 
ported, contains 20 to 30 fier cent, of 
tannin. The idling extends from 
May to August, but the tree peels 
easiest from June to the middle of 
tluly. The peeling crew consists of 
three men — a chopper, preparer, and 
barker. The chopper, or faller, cuts 
down the tree ; the preparer, or fitter, 
trims off the branches and rings the 
bark at intervals of 4 ft., and slits each 
section lengthwise ; while the spudder, 
or barker, peels off the bark with a flat- 
tened bar and spreads it on the ground 
with the inner side up. After the bark 
bus cured in the sun for from five to ten 
days it is piled, exterior side up)>ermost, to complete 
the seasoning process, which altogether occupies 
from two to three months. 

Many tanning barks are supplied in the market 
in the form of an extract, a concentrate! prepara- 
tion which saves freight. The bark is ground and 
placed in wooden vats, where it is steeped in water 
till the tanning acids are removed. The resulting ^ 
liquor is then evaporated in a vacuum apparatus at ' 
P. until it is reduced to a heavy, dart-coloured 
fluid, weighing 10 lb. to the gallon. 
The extract is shipped in barrels 
of 500 lb. The plant for making 
extract is exxiensivc, and in the 
case of small growers a share in 
a co-OT)erative factory is obviously 
the solution of the problem. 

Other Tanning Barks. 

Mangrove bark is yielded by 
several varieties of a small ever- 
green tree that is found on the 
muddy sliorcs and tidal creeks of 
India, Burma, and the Andaman 
Islands. The chief kinds are; 
Avicenna officinalis^ Linn, (white 
mangrove); Brnguieragymnofhiza, 
Lamk. ; H. parvifolia, W. and A. ; 
Ceriops candoUeana, Amott (black 
mangrove) ; C\ Moxburghiana, 
Arnott; Kanddlia Rheedii, W. 
and A. ; and Rhizophora mu- 
cronaia, Lamk. (true mangrove). 
Extracts of the bark of these trees 
are made for exportation. Large 
quantities of tanning extracts are also obtained from 
the wood and bark of the chestnut tree, CasUtnea 
dentata (Marsh) Borkh. ; the chestnut oak, Q, 
prinus, Linn. ; the larch, Larix Europea ; the alder, 
Alnus glutinosa ; various kinds of willow ; the fir, 
Abies cxcelsa, and the pine-tree. 

It should be noted that we are only dealing 
here with tanning barks; many other substances 
yielding tannin are also uscil in the leather 
industry. 
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Of recent yeai's the importance of medicinal rich in alkaloid ; hence the Java bark, being the 
barks has bwn recognised, and care is being richest, rules the world’s 8 up])l 3 \ Java bark some- 

taken , by cultivation to develop a lucrative times contains 15 per cent, of quinine, against 3 per 

branch of economic botany. London is the drug cent, in the Indian-grown bark, 

market of the world, the erode droge from all Cultivation. Cinchona plants will not stand 
imrts of the world being sold at Mincing Lane frost, and grow best at altitudes of from 1,600 ft. to 
fortnightly. Lithe following notes- the pnoral 4,600 ft. They require open subsoil, sloping exposure, 

methods of cultivating and collecting barks will and other conditions of perfect drainage. The plant 

be judged from the article on cinchona, which is will not grow on flat land. It is propagated by 

ftt length on this account, and also because cuttings or seeds. The former method is used when 

of its importance as a medicinal bark. it jg desired to porxietuato a particular feature of a 

Peruvian or Cinchona Barh« One of plant, but now the seed is readily obtainable it 

the most important drugs is cinchona, or Peruvian is used. The seeds are very small, and cost from 

bark, from which quinine is obtained. Quinine, Ss. to Gs. a gramme, about 2,600 seeds. A perfected 

and its cognate alkaloids, have hitherto been foimd small tree of high quinine content costs ITs. The 

only in the barks of the genus Cinchona fll] and seeds germinate best at a temperature of between 

the allied genus Remigia. These are found only in 65" and 70"" F. They are sown in open beds, sheltered 

a limited zone of the eastern slopes of the Andes, by thatched roofs. Fine, rich, well-decayed mould 

and nothing was known to Europeans of their is employed, either pure or mixed with an equal part 

medicinal properties till some time after the of clean, sharp sand ; a layer 2 in. to 3 in. deep if 

Spanish conquest. In 1638 the wife of the C^ount spread over a piece of well-cleaned, sloping land. 

of Chinchon, Viceroy of Peru, was cured of malarial The surface of the seed-bed should be smooth 
fever by the administration of a hitherto unknown and even, and the seeds scattered ])retty thickly 

remedy, and she took great pains to introduce its on the surface and afterwards a little fine earth 

use in Europe. Hence the name of the genus, which sprinkled over. Water freely with a fine syringe, 

inirists spell “ chinchona.” An alkaloid (active The seeds germinate in from two to six weeks, and 

principle), cinchonine, was isolated by 
Gomes in 1816, and in 1820 Pelletier 
and Cavantou isolated quinine. 

Until fifty years ago the world de- 
pended for its supply of cinchona on the 
“cascarilleros” of the South American 
forests. They ruthlessly felled or care- 
lessly barked the trees, with the result 
that th» diminished supply fell short 
of the ever-increasing demand. In 
British India there was not only a 
great demand for quinine but climatic 
conditions very similar to those on the 
Andes, and the Government wisely de- 
termined to set about the introduction 
of cinchona into the country. It was no 
easy matter, as anyone suspected of an 
attempt to carry off plants or seeds from 
the South American forests went in )ieril 
of his life. A few plants were obtained 11. THE cinchona the young wood of the tree, the re- 
trough consuls in 1862, but they died txs PLANT mov^ bark will bo gradually renewed, 

soon as they reached India. Sir Clements The renewed bark is richer in alkaloid 

Markham, in 1869, aided . by Spruce, R. Cross, than the bark removed, and exclusion of light tends 

Pritchett, and J. Weir, obtained plants and seed to increase the richness. In Madras an ordinary 

which were successfully reared in India. In 1866, pruning knih> is used, and in Java a spokeshave 

Charles Ledger, after a lot of trouble, obtained seeds [12], to take off alternate strips of bark in a longitu- 

of a species of cinchona which yielded a much larger dinal direction. The trunk is then covered up with 

proportion of quinine than those obtained by Mark- moss f 18J. Three years after, the strips of bark 

ham and his coadjutors. Ledger divided his seeds that were left at the first harvesting are taken 

between the British and Dutch Government. The off, and so on in alternate three years until the tree 

former did nothing with the seed, whilst the Dutch dies or becomes too old to renew its bark. The, 

raised plants in Java which proved so rich in alka- bark, after it is removed, is placed on “ panagans.** 

loid that the descendants of those trees are the main or bamboo trays, and dried in the sun. A movable 

source of quinine to-day. roof or other protection against rain is provided. 

Kinds of Cinchona. There are thirty or The moist climate of Java prevents the drying being 

forty species of cinchona, but most of them are of completed naturally and a sirocco stove, suon as is 

botanical interest only. The kinds now cultivated used in tea plantations, is employed to finish the 

are Cinchema officinalis, Loxa or crown bark; C. process. The strips lose about 70 per cent, on drying. 

sneeirtibra, red bark ; C, calisaya, yellow bark ; Marketing Cinchona. The two kinds of 
C. Ledgeriana, a cultivated variety of ccUisaya, Very bark are druggists' and manufacturers’. In the 

little cinchona is now obtained from South America, former variety the bark is packed in ^nny bags, 

quinine-yielding bark coming from Java, where forming bales containing 100 lb. each, whilst in Java 

V, Ledgeriana is cultivated, and from India, where much of the bark is reduced to coarse powder before 

C. succirubra, known as druggists’ bark, is grown. shipment. In the case of druggists’ bark, the 

Manufacturers use the Java bark on account of its appearance of the drug has to be considered ; it must 

richness in quinine, but the succirubra bark is that be in bold, long, regidar quills, and be coated with 

.required in medicinal preparations by the British a silvery coating of lichens. The bark which 

Pharmacopoeia. It costs no more to cultivate trees manufacturers employ is mode up in large bales and 

6087 



when the seedlings have grown two or 
three pairs of leaves they should be trans- 
planted into nursery beds having a thicker 
layer of soil and placed about 1 1 in. apart. 
Wlien 4 in. high the plants are again trans- 
planted a little further apart, and when 
9 in. to 12 in. high they are ready for 
placing in the position they are to occupy 
finally. It is usual now to place the plants 
6 ft. to 8 ft. apart. 

Collecting the Bark. Formerly 
the only method of collecting the bark 
was to cut down the tree and strip off 
the bark from the stem, root and 
branches : but in 1863 it was dis- 
covered by Mclver, who had charge of 
the Indian cinchonas, that if a portion 
of the bark of a living cinchona be 
curefuUv removed so as not to iniure 
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Bold at Amsterdam at so much per unit — the <?ORt 
of each percentage of quinine in a pound of bark. 
For this purpose analyses are conducted. The 
low price of quinine and the competftion of Remigia 
bark, which contains quinine in an easily extracted 
form, bos made cinchona cultivation so unprofitable 
in India and Ceylon that on most of the plantations 
it has been replaced by other more paying croy^s. 
The Government of India, however, have their own 
cinchona plantations, and make quinine for distri- 
bution’ in malarial districts at cost price. The 
febrifuge,” as it is called, contains the other 
cinchona alkaloids besides quinine, and its dis- 
tribution has been of enormous service to the 
inhabitants of the Indian Empire. 

The Sacred BarlL. ( ascara aagrada, 
cr sacred bark, is the dried bark of Rhamnuft ^ 
purffhianvs, De C., a tree which grows freely ^ 
in North California and in the States of Oregon 
and Washington, IJ.S.A. The bark and its 
preparations are much used in medicine as 
aperients, and it is curious that the drug is a ^ 
modern introduction. It was not till 1887 that ^ 
the bark becapie a recognised article of trade. 

The bark is peeled in both summer and winter, 
and as the tree is destroyed in the process, it 
is not surprising that the drug is l)ecoming 
quite scarce, although its use is increasing. ^ 


trees indigenous to Ceylon, the bark being oh- 
tained from cultivated trees. The shoots are cut 
down when nearly two years old and the bark 
removed in strip. This bark is then scraped free 
from the outer nark, rolled into sticks, and dried. 
The bark is used in medicine and as a flavouring 
agent. Cas/tia bark resembles cinnamon in odour 
and taste, but the aroma is less delicate. 

Angostura, Euonymin, and Bar* 
berry BarKs. Cnsparia, the dried bark of 
(hisparia fcbrifn^a^ Be C., is‘ indigenous to the 
mountains of Venezuela. It is known as angos- 
tura bark because it was originally sent from 
Angostura (Ciudad Rollvar) to l}urox>e. The bark 
is not easy to detach from the tree and is 
often found with much wood adhering. 

I Ei(onijmin hark is strip])cd from the root of 
Euonijmus atropurp^irevsy iFactpiin, which grows 
in shady woods in the eastern United States, 
The bark possesses catha^-tic proyKjrties. 

Barberry hark is obtained from the stem of 
JUrberin vulgaris, b'nnc, a European shrub. It 
is used as a febrifuge and for dyeing. 

Other Medicinal Barks. Ppmegramte 
hark is obtained from the stem and root of 
Pnriira grnnatum, Linmh a small tree that grows 
in North-West India. It is cultivated on the 
Mediterranean coasts for its fruit. The bark 


Recently, attention has been drawn to the spqke. has astringent properties and is used in medicine 
matter, and plantations are being made for the to expel ta^ieworms. 


systematic cultivation of cascara sagrada. One 
variety of the bark is simply removed from the stem 
by a Iknifc or sjjokeshave [12], whilst the other is 
obtained in the same way (in winter) after a pre- 
liiiiinary steaming to loosen the bark. Much 
importance is attached to the proper drying of the 
birk, the strips being hung over galvanised wire 
with the inner surface away from the sun. Should 
the inner surface be exposed to the sun while in the 
moist state, the colour of the bark changes from its 
natural yellow to a dark brown, which ^ 

renders the drug less marketable. After 
tlie bark is dried it is broken into pieces 
by passing through a machine or, failing 
that, a flail is used. The average yield 
of a tree is 10 lb., so that the annual 
demand of a million pounds means the m 
destruction of 100,000 trees. When propa- I 
gated from seed, the tree is slow in V 
growth, but attains in time a height of 
from 25 ft. to 65 ft. and a diameter of . 

5 in. to 8 in. New bark docs not form a 
on the trunks, as in cinchona. 

Cucarilia* Cinnamon and <S 
Cassia. Cnscarilla is a drug of minor im- ^ 
portonce, but of considerable interest from 
the fact that ns the plants from which it was 
collected became extinct, the collectors 13, jjq 
have gathered bark in the other districts oHOi» 
from apparently similar plants. Cascarilla 
bark is at present yielded by Croton elukria, Rennet, 
and is indigenous to the Bahama Islands. The 
bark is taken from the twigs, branches, and small 
stems. It is used iii medicine as an aromatic bitter 
tonic, but its chief use is os a scent in tobacco 
manufacture, in the preparation of incense, and in 
liqueur making. When burnt, cascarilla gives off a 
ple'>cant odour. 

nnamon is the dried inner bark of shoots 
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Hamamelis, cr Wikh Hazel hark, is collected in 
the spring from Hamnmelis V itginiana, Linn6, which 
grows in the United States and Canada. 

Virginian Prune, or Wild Cherry hark, is collected 
in autumn from a North American tree. Prunnr 
serofina, Ehrhart. Although the bai*k is col- 
Icctcd from all parts of the tree, that which comes 
from the trunk is the best. The bark is used in 
medieJne for its tonic and sedative effects. 

Quillaia, Panama, or Soap bark, is the inner 
bark of QniUaia saponaria, Molina, which 
^ grows in Chili and Peru. When shaken 

^ with water the bark gives a frothl’k.^ 

soap, and on this account is used in the 
textile industry when soap is inadmissible. 
In pharmacy, quillaia is used to suspend 
oils, and in the aerated water industry a 
trace of quillaia gives a delightful froth to 
beverages in which it is introduced. 

t Ehn bark, from the common elm, Ulmus 
campestris, Linn6, is collected from the 
trunk and bran<ihes in the spring. It 
possesses tonic properties. Slippery elm 
bark is obtained from Ulmus fnlva, and 
it is used, after soaking in water, as a 
poultice. 

Willow bark, Salix alba, Linn^, yields 
SD CI2T- ^ medicine much used for rheu- 

TEEB Difl^tism. The bark contains 1 to 3 per cent 
of salicin, but some varieties are nearly 
destitute of this active ingredient. 

Simiritba bark is obtained from the root of 
Bxmirvha amara, Aublct, and 8 , glauca. Be C. The 
bark is used as a tonic. 

Mezereon bark is obtained from Daphne mezereum, 
Linn^, B. laureda, Linne, and B. gridium, Linn6. 
It is obtained both from root and stem, and is used 
as a stimul mt associated with sarsaparilla. 

CandUi hark is yielded by Canma aVbu, Murray. 


Wral species of cinnamomum, Blume, small It is used in medicine and as a condiment. 
y Continued 
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HORIZONTAL & THREE-CYLINDER ENGINES 

Horizontal £ng;ine with Splash Lubrication. Compound Condensing 
Engine. Three-cylinder Engine. Mechanisms of Expansive Working 

Continued from 
pHve »»14 


By JOSEPH G. HORNER 


A utomatic lubrication, illustrated in the last 
article, is applied to horizontal as well as to 
vertical engines, though on first thoughts the hori- 
zontal type would not apjiear to be well adapted to 
the system. Figure 34 shows a longitudinal section 
through one of the “ Fleming ** engines, by the 
Harrisburg Foundry and Machine Works, of Penn- 
sylvania, in which lubrication is effected on the 
splash system. A supply of oil is poured into the 
engine frame, forming a reservoir in which the 
lower edge of the crank-disc is always submerged. 

When the engine is started the revolving disc 
throws the oil from the reservoir backwards over 
the crosshead and into the guides. 

It also throws a spray into a trough 
placed across the inside of the hood 
that confines the oil. Thence a short 
tube conveys the oil to a point over 
the main bearing [33], to which it 
flows in a constmit stream which is 
always visible to the operator. An 
eccentric groove is cut in the face of 
the crank-disc which comes next the 
bearing, find into which the oil finds 
its way. From the point of greatest 
eccentricity a passage is provided to 
the centre of the crank-pin, which is 
hollow, and from which the lubri- 
cant is driven by centrifugal force 
to the bearing. The pin and disc are 
made solidly, and the pin is of excep- 
tionally largo diameter. 

Experimental Engine. A tarougn tno tuoes, wnicn are sur- 

typical high-class engine [36] illus- ltJBKICAtion op crank-pin rounded by the steam. The water 
trates one selected because it em- PLEMINO ENGINE in this case is delivered by pressure 



each other. The tandem occupies less width, but 
greater length. It is a very popular form. 

In 36, A is the high-pressure and B the low-pressure 
cylinder. These aie different diameters, but neces- 
sarily of cfpial stroke, and connected with the 
distance-piece C, which is a rigid casting. The 
ratio of cylinder diameters is approximately 3 to 1. 
The crosshead guide D is of the cylindrical type. 
The crank-disc E, keyed on the flywheel shaft, 
also drives the condenser air pump F, through 
the boll -crank lever, or bob G. This arrangement 
is common in many large engines, its alternative 
being to drive the air-jiump from the tail end of the 
piston-rod, as in 30 [page 5013], 
which in that case is carried out 
at the rear of the hinder cylinder. 
The arrangement shown, in which 
the air pump is placed underground, 
economises floor space. 

Condenser. The condenser G 
is of the surface coyidevmtion, type. 
The exhaust steam and cooling 
water are in circulation on opposite 
sides of the w'alls of the condensing 
tubes. These lubes distinguish this 
typo from the jet condenser, in 
which a jet of water is pumped into 
a box into which the exhaust steam 
is admitted. This is a more suitable 
type when water is muddy or dirty, 

X but the surface condenser is more 

S] efficient. The w^ater circulates 
through the tubes, which are sur- 


practice. It 
crimen tal 


bodies a large amount of detail that 
is crystallised in the lest modem 
is, moreover, what is termed an expori 
engine,” lieing made for the Cambridge University 
by Messrs. Robey & Co., Ltd, The full technical 
title of this class of engine is, “long-stroke, 
tandem compound, condensing engine with drop 
valves.” Engines of this type are made for powers 
up to 8,000-horse power, with steam pressures 
ranging to over 200 lb. ])er s(|uarc inch, and with 
triple expansion cylinders. The term “ tandem 
compound ” relates to the arrangement of the high 
and low - pressure 
cylinders, which have 
their axes in line. If 
placed side by side, 
they would be termed 
coujiled, or cross-com- 
pounds, The advan- 
tage of the tandem 
is, that one piston 
rod does duty for 
both pistons. Coupled 
engines have the 
advantage that their 
crank- pins stand at 
right angles with 
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by the town’s main, but generally 
this is the function of a circulating pump, which is 
of reciprocating or a centrifugal type, an example 
of which will bo given in connection with marine 
engines. 

Condensation in the Condenser. The 

efficiency of a condenser is duo to the vacuum 
produced therein by the injection of cold water 

among the exhaust 
steam in the jet typo 
of condenser, or the 
circulation of water 
in closed tubes among 
the steam in the sur- 
face type of con- 
denser. The effective 
pressure on the 
piston when exhaust 
takes place into a 
condenser instead of 
into the air, is in- 
creased by from 10 lb, 
to 12 lb. per square 
inch, because the 
vacuum amounts to 
10 lb. to 12 lb.-- 
that is, from 10 lb. to 
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iS lb. of the pressure of the atmosphere has been 
destroyed .in the condenser. Say the vacuum is 
12 lb. below the atmospheric pressure, then, instead 
of the steam exhausting into the atmosphere when 
nt 15 lb. or a little more, it does not exhaust till it 





TANDEM COMPOUND CONDENSING ENGINE (Holwy & Co., Ltd.) 


gets down to 3 lb. To understand this, it must be 
remembered that the steam pressure in a boiler is 
always that within the boiler plus that of the 
atmosphere, so that steam blowing off at 115 lb. 
by the gauge is only^lOO lb. higher than that of 
the atmospheric pressure. Now, in the condenser, 
the resistance of the atmosphere is nearly 
destroyed, and 115 lb. initial presatire can be 
utilised down to, say, 1 12 lb., instead of 100 lb., 
when exhaustion takes place at once into the 
atmosphere. We take 15 lb. as that of 
atmospheric pressure, though it is 
actually 14*7 lb., and assume that 
steam exhausts at atmospheric 
pressure, though there are losses 
due to the back pressure in the 
exhaust passage. To the gain 
duo to vacuum in a con- 
densing engine must be added 
that of the loss due to back 
pressure in a non- con- 
densing engine, and 
which generally ranges 
between 1 lb. and 
1 J lb. Moreover, 
the gain due to 
condensation is 
less than the 
theoretical 
amount, because 
the loss due to 
the friction of the 
air pump has to 
lie deducted from 
it, so that the net 
gain is reduced 
to, say, 8 lb. or 
10 lb. on the 
square inch. This, 
however, is a 
very substantial gain in 
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TRANSVERSE SECTION THROUGH VALVE 
GEARS OF ROBEY ENGINE 


engines of medium and 
large dimensions, amounting to from 15 to 2^>er 
cent, saving jn fuel. 

Feed«water Heater. A subsidiary benefit 
of condensation is that Ihe boiler feed is delivered 
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from the hot -well at a temperature of 100® F., 
or more. Cold water injection damans the plates 
of boilers, besides requiring more fum for heating, 
than if delivered at a temperature approaohihg the 
boiling i>oint. Boiler deposit is also less likely 
to occur. In non-oondensing. 
plants some methods of heating 
the feed-water are necessary, 
which is effected in economisers, 
and in feed-^vater heaiers. In the 
first, the furnace gases heat the 
water in their passage to the 
chimney. In the second the 
exhaust steam heats it before 
being discharged into the atmo- 
sphere. 

Action of the Steam in 
the Engine* The steam, 
after doing work m the high- 
pressure cylinder A [85] is carried 
oy receiver pipes (not shown) to 
the low-pressure cylinder B. It 
works expansively in both 
cylinders. In the high-pressure, 
the steam inlet valves are those 
at aa; in the low-iiressure, at 
hb, being drop valves in each 
case. Tlie exhaust valves in 
the high-pressure are cc, and 
the low-pressure dd, both being of the sliding 
gridiron type. The steam inlet to the high- 
pressure is at r, and / is its steam chest ; the 
inlet g is that for the low-pressure, and h is ite 
steam chest, or receiver. 

Jacketing. Both cylinders are iacketed. 
The cylinder bodies are cast with^ annular 
recesses, and the liners ti, also have recesses, 
so that the liner and body fit by belts at each 
end, leaving an annular space along the greater 
j)ortion of their length which is occupied with 
steam. This jacketing, as already 
stated, lessens loss of heat, and the lique- 
faction that would otherwise result 
from condensation. Three out of the 
four covers are also formed as jackets 
through which steam 
circulates. When the 
exhaust steam leaves the 
cylinder B it passes into 
the condenser below. 

Drop Valweo. The 
valve gears in this engine 
are a neat bit of mechan- 
ism. The sectional view 
in 86 , taken with those 
in 85, will render their, 
operation clear. On 
the farther side of the 
engine there is a rod a [ 86 ] rotated 
from the crank-shaft, which carries 
eccentrics from which the valves are 
actuated. This “lay shaft” and 
eccentrics is a very common device in 
engines by different makers, but the 
mode of operating the valves there- 
from here illustrate is one of Robey 
& Co.’s patents. 

In 86 the steam inlet valve A is 
actuated by the eccentric rod B 
depressing the outer end of the lever C, so raising 
the valve by its stem. This is timed to take place 
before the beginning to each stroke. D is a 
tripper which communicates the nootion of B to C. 
At a certain point the tripper slips out of contact 
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with C, and the valve is thrust down sharply by the 
dash piston F above, so cutting off the steam from 
the cylinder. But the valve is combined with a 
goverilbr G, by which the period of cut-off is varied 
with alterations in the load on the engine. The 
governor when rising, caused by increase in 8|>eed, 
moves the arms of levers, and in so doing moves 
the fulcrum E of the lever C. The effect is to 
causa the tripj)er D to lose contact with C, and 
allow the valve to drop at an earlier stage of 
the stroke, so cutting off the steam earlier. If 
the governor falls the 
drop of the valve is 
delayed, and the steam is 
cut of! at a later stage. 

The exhaust valve H at 
the bottom has a constant 
travel, operated from 

other eccentrics and rods. As the stroke of the 
eccentric is short, the valve is of gridiron type, 
by which the stroke that would be necessary 
for a single port of full width i.s reduced in 
proportion to the number of smaller ports in 
the gridiron. The valve H is operated by its own 
eccentric. Drop valves similar tu those for steam 
are also often employed in engines for exhaust. 

Simple Coupled Engines. Horizontal 
engines are frequently coupled by taking two 
independent single-cylinder engines and arranging 
them side by side, each on its 
own foundation, and each driving 
in unison to a common fly- 
wheel l)etweeii the two. One 
advantage of this arrangement 
is that less space is occupied than 
* would Its required by a single 
engine of equal power. The length 
is that wanted for a single engine 
of the eou])led pair, and the 
width is but about one-half 
more than that required for one 
of the engines, while the power 
.is doubled. Another, and the 
principal, advantage is that the 
engines can l)e run in unison, 
or either one singly, discoimected 
from the other at the connecting-rod. One may be 
running while the other is undergoing repairs, or one 
or both may be run to suit work which varies in 
amount. Moreover, in this design one engine can l)e 
laid down first, and the second added at a later period 
if circumstances should render 
additional power necessary. The 
same remarlc applies to compound 
engines laid down side by side. 

The high -pressure one can be put 
down first, and the low-pressure, 
for compounding, later. And the 
high-pressure can at any future 
time be run alone, on disconnect- 
ing the other engine. 

Inclined Engines. The 
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directions on to a common crank at the apex of the 
arrangement. 

Oscillating Engines. A type by itself Is 
the oscillating engine, an old form built chiefly for 
paddle steamers, but seldom now made. These 
engines were great favourite's in the early days of 
steam navigation, especially on 
river steamers. The last Atlantic 
liner on which they were fitted 
was on the Cimardcr Cuba, in 
18()o. They were an improve- 
ment on the side-lever engines 
mentioned in a previous article. 
The weight was kept low 
down in th ; vessel’s hull, 
and all the side- rods and 
levers, with the connecting- 
rod, were discarded. For by the 
oscillation of the cylinders on 
their trunnions the piston-rods 
accommodate their movements 
to that of the cranks. The 
trunnions are utilised, one for 
the inlet of steam, the other for 
its exhaust. Many warships were 
fitted with this tyyw of engine, but the vertical 
inverted cylinder engine has long displaced it, both 
in the naval and merchant services. It has gone the 
way of other types, which, though of much historic 
interest, are now extinct. They 
included the trunk engines, both 
vertical and horizontal, the steeple 
engines, the grasshopper engines, 
and others, representing stages in 
the evolution of the engines of the 
present. 

Three-cylinder Engines. 

This is a group of engines which 
stands alone. Three cylinders, sot 
at angles of 120 deg. with each 
other, have their piston-rods 
driving to a common crank-shaft, 
the rods being pivoted to their 
]>istonH. As they exert equal 
effort on the crank-shaft, there 
are no dead points, and a fly- 


37. BROTHERHOOD 
ENOINE 

(Horizotital Bectioa) 


immense majority of engines built 
are either horizontal or vertical. 

But exceptions occur in inclined 
engines, which have their axis of 
cylinder and guides set at a con- brotherhood engine 

siderable angle. They are used (Trans verse section thnaiith valves) 

chiefly in paddle stoaraors for river and coasting 
service, where the space between the deck and the 
floor of the engine-room is not sufficient to allow 
vertical engines of the dimensions required to be got 
in. Double inclined engines are also used in 
•ome rolling mills. These engines diive in opposite 


38. BROTHERHOOD ENGINE 
(Transverse section through cylinders) 

wheel is therefore not required. 

The idea of avoiding the reciprocating strokes of 
the common engines has always been an ideal of 
engineers. But greater evils have attended many 
such efforts than those due to reciprocation. The 
latter have been exaggerated. 
The engines which run at highest 
speeds, such os those for electric 
light work and locomotives, run 
with perfect steadiness. The 
steam turbine, though a rotary 
engine, is, nevertheless, a type 
apart from piston types, which we 
are here considering. 

Brotherhood Engines. 

These, designed by Mr. Peter 
Brotherhood, are made for steam, 
and for air and water operation. 
'1 he difference are slight, affecting 
chiefly the valves and their pack- 
ings. These engines are us^ for 
electric light work, for driving 
portable machines, and for propelling torpedoes. 
The engine illustrated in 87 to 41 is one of single- 
acting tyi)6. Figure 37 is a horizontal section 
through cylinders, valves, and crank-shaft ; 8^ a 
transverse section through the cylinders; 39, a 
similar section through me valves ; 40, a section 
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through the throttle and governing gear ; and 41, than 
an external view looking againat the steam chest. adap 
Brotherhood Cylindere. The cvlinders are wJthi 
sr^cn at A. They are in one castings with a foot, B, exces 
but the steam passages are formed in a separate single not t 

casting, C, bolted to the cylinder. The pistons D are from 
of trunk design, and their rods, K, are necessarily valvt 
pivoted loosely in the trunk, pistons, driving to the valv( 
common crank-pin F in the crank-disc O. Thus, of tri 
though the pistons move rigidly, their rods are free to there 
accommodate themselves to the rotary movement of passf 
the pin F in its disc. The latter drives the crank- enter 
shaft II, to which the work is coupled. The stt'ain or w 
presses only on the outer faces of the pistons, ta pa 

the return or exhaust stroke of one piston 
lieing effected by the pressure stroke of the 
other two. The rods are bonded at the centre ^ 
with rings, an, to maintain them in con- fenirf 

tact with the crank-pin, being necessary HWSi 

because each of the rods only bears round n 
a little less than one-third of the ciroum- 
ference of the pin. S42^j=c«f=^7 

The steam supply is controlled by the LI i 

piston valves J, the rods K of which are jSpiltry 

actuated by the e-'centric L. These are sssiU 
retained in contact with the eccentric by 40 . BROTHER 


than formerly, because in ifa simple form it is not 
adapted to cut off with a hi^ rate of expansion 
without causing other troubles consequent on the 
excessive amount of lap required. Moreovdt, it is* 
not suitable for the automatic expansion effected 
from the governor. This explain^ why badly cut-off 
valves are fitted, and double and treble sorted 
valves, as previously illustrated, by which the length 
of travel of the valves is reduced. .But, besides this, 
there is the objection to the length of the steam 
passages, which, lieing always Slled with steam 
entering or exhausting, cause either waste of steam 
or wire drawing, or undesirable back pressure, or 
p accumulation of water in the cylinder and 

C passages. With a view to avoid these evils, 

two types have been largely developed, the 
drop valves and the Corliss valves. The 
only features which these have in common 
is shorter stt^am passages than the slide 
valve engines liave, a sharper opening and 
closing, *ind a separation of the functions 
I of the passages, those for steam and 
iji exhaust being used for those purpos«*8 
only, instead of being <^ned alternately 
to steam and exhaust. Examples of drop 
PHBR- valves are illustrated in the present article 


an undercut htting. seen clearly in the HOOD engine [36], and Corliss in the next one. 
sectional view [87], in a flanged part of the (Section thrciigh Hand Bxpansion Gear. Very many 


sectional view [87], in a flanged part of the (J^ctlon Uirciigh 
eccentric. The steam is admitted through 
the piiie M, the throttle valve N of which is ^ 


regulated by the governor O acting through the 
lever P. J'he steam, having passed the throttle, 
enters the steam chest Q and passages R, and past 
the piston valves, through the passages b to the ends 
of tne cylinders. There are thus no dead points, 
and the engine can be started in any position. 

Expansive WorKins. In a previous article 
the methods of obtaining a fixed rate of expansion 
have been illustrated. We now consider other 
devices, including the link motions. 

Mechanisms of Expansive Working. 
On page 5414, Boyle's law was quoted, that the 
pressure and volume of a gas at r 

constant tiJJiiperature are inversely 
related. T.<et us see how this ^ 

applies to steam working expan- 
sively in a cylinder. If steam n /J- 

supply enters and continues un- 
checked until the termination of 
the piston stroke, it is assumed to ^ If* 

be at boiler jjressuro throughout, 3 1 

and the effect is that due to this 
pressure x piston area x length ^ 

of stroke in inches. If, however, 
the steam is cut off at half-stroke, 

the second half will be accomplished L. 

bv the expansion of one volume into m4 

two volumes, with a reduction of ' (Extern 

pressure to one-half of the initial 

])re8sure by the time the end of the stroke is reached. 

The mean or average pressure then is, assuming an 

initial pressure of 100 lb. per square inch, 

100 -4- 50 1^ 

■■ — 7o JD. mean. 

If cut off at one-third, or one-fourth, the 
average would be obtained by taking the pressures 
due to expansion at three, four, or any number 
of points, and dividing the sum of these by the num- 
ber of division. But, generally, a shorter method is 
to use a table of hyj^erbolic logarithms, given in 
textbooks, because the line of falling pressings a 
hyperbolic curve. 

The ‘common D form of slide valve is used less 


« gear) c'ngincs are fitted with hand-ot)erated expan- 
sion gear, using main slide valves, with 
expansion or cut-off valves sliding on the back. 
Designs vary, t^lenerally, advantage is taken of this 
arrangement to make the steam passages jn the 
cylinder short, W which back pressure and other evils 
are reduced. Thus, in one design, the D valve is 
divided into two portions, one nt each end rfteam port 
of the cylinder, each steam port having its exhaust 
port adjacent. The expansion valves on the back 
of the t) valves are flat plates only on a single rod, 
liaving bushes with right and left hand screws and 
nuts, which engage with screwed bosses on the bock of 
the valves. By a hand wheel at the end of the spindle 
" the valves are caused to approaelv 
“ r to or recede from each other, so 

j rutting off steam earlier or later. 

” . The period during which steam will 

J \ be admitted is read on a sliding 

^ O index close to the hand wheel. 

^ / The Rider expansion gear is, in 

brief, designed as follows : There 
' I'J/ valves, the main 

y / valve, and the back cut-off, or 


expansion valve, each having its 
separate actuating eccentric. The 
>)eculiarity is tlmt the ports in 
— ^ 1 the valve do not run straight 

JOD ENGINE but diagoiwlly, and to right 

j and left symmetrically about their 

centre lines. The reason of the 
diagonal arrangement of the ports is this : 

The ordinary longitudinal sliding movement 
derived from the eccentrics is invariable. But 
automatic movements of the governor are made 
to impart movements to the cut-off valve at a right 
angle with its longitudinal movement, derived from 
tJie eccentrics, so causing the admission of the 
steam to the diagonal ports to be cut off earlier 
or later than the normal stroke derived from the 
eccentric would produce. This up and down variable 
movement is derived from the governor, which is 
made to impart a twisting movement to the 
valve-rod, which, in turn, raises or lowers the ex- 
pansion or cut-off valve by means of a small crank. 
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THE EXACT ART OF MAKING TYPE pbintino 

The Art and Trade of Typefoundiog:. Punch-cutting: and Matrix-making:. 8 

Machine Typefouoding:. Wooden Type. The Best Books on Printing; c„u..nMirom 

IMge WT2 


By W. Sa MURPHY 


•^RE fathers of printing in Europe — Coster, Guten- 
^ herg, Faust, and Schuffer — were also type- 
' founders or type engravers, but it is difficult to say 
from the records whether the first printers were 
regarded, by themselves and others, as makers of 
t yi>e or printers. Wood was, perhaps, the material 
of which the first movable types were made, but 
the whole question of the origin of typofounding is 
obscure, and it is impossible to say who was the 
first to ctYsi lead typos. It is certain, however, 
that the long labour entailed in the multiplication 
of wooden ty}>C8 early led to their general disuse 
in favour of ty}>e8 cast from wooden models. 

Early Typefounders- After the moulding 
of metal tyjjes was adopted, the original, or mother 
ly^>e8, were never used for printing, but earefully 
preserved for moulding purposes. Numberg became 
famous in the sixteenth century for the line metal 
punches it supplied to the typefounders of Europe. 
It was the introduction of the metal punch which 
gave the final stroke of separation between the trades 
of typcfoiuiding and printing. By this, the mother 
type became a die on the end of a metal rod, or 
bar, an<^ the forging and cutting of these lay outside 
4he province of the mere printer. 

During the sixteenth century, the separation of 
the two trades slowly widened, and typefounding 
became a business in Mayence, Frankfort, Cologne, 
and other towns in Germany, and Haarlem, Leyden, 
and Antwerp, in Holland. Italian tyj^efounders, 
following in the tradition of Aldus Manutius, 
early became celebrated for. the excellence of 
their productions. Caxton brought his t3r]ie 
from Holland to England, and for nearly 
three centuries the printers of this country 
were mostly indebted to continental ty|)efounders 
for type. In 1720, Mr; William Caslon, an engraver 
of ornamental devices, set up as a ty^iefounder 
in London, and produced wort of such excellence 
os not only put an end to the importation of 
ty]^e from Europe, but also brought about an 
export trade in typo from England to the 
Continent [49]. John Baskerville was the next 
great English tyj^efounder. A Worcestershire 
man, he was at one time a writing master, in 
Birmingham, and there, in 1760, set up business as 
a typefounder. His type has never been surpassed 
for correct form and clearness. Later typefounde. a 
were hardly so much pioneers as manufacturers, and 
their names belong rather *to trade than to history. 

Features of a Type. As we go forward in 
our study, the various processes brouf^t into being 
by the powers describe will come under notice ; 
at present, we begin at the beginning. A printer 
uses type, and a typefounder oasts tyi^ ; therefore, 
these workmen look at the sajne thing with different 
eyes, and from opposite standj^ints. A ty}>e is a 
small bar of lead, alloyed witn other metals, the 
diameter of a shilling high, the size of the letter 
deep, and of a width prescribed by the style of the 
fount. The height and depth of every letter in a 
fount must be exactly the same. 


Small as it may be’, a type has many features 
[48]. The surface of the k'ttcr is the face, the 
slanting sides of the letter are the beard ; the 
spaces at top and bottom are the shoulders, such 
letters as h. k, 1, or d, having shoulders only at the 
bottom, and g, j, p, y, being shouldered at the top; 
the notches across the middle of the body of the 
letter are the nicks ; the bars formed by a rut 
across the centre of the end of the letter are 
named the feet. 

Typefounding by Hand. Typefounding 
long remained a handicraft, oven while machinery 
was taking j>os.seaaion of many trades. The process 
is elaborate, and at the present day it is divided 
up into several operations, which may or may 
not be performed by one workman, or set of 
workers, according to the size of the foundry and 
the nature of the business. If most of the work is 
done by machinery, and only special and small 
founts made by hand, then one or two workmen, 
of high skill, with one or two fiasistants, will 
perform all the operations ; but in other and more 
common circumstances every operation is done by 
a different person or set of iwrsons. The main 
operations are punch-cutting, matrix-making, mould • 
making, mould • setting, casting, breaking off, 
rubbing, dressing, picking, finishing and paging. 

It is a tradition among the punch-cutters that no 
tool save the graver was used by the great craftsmen 
in olden times. Very possibly some skilled work- 
men can do the w'ork with that tool even to-day, 
but it is a waste of skill. The simpler and easier way 
is to coat the face of the punch with wax, transfer 
the drawing of the letter on to it, and then trace the 
outlines with a dry-point needle. Melt off the wax, 
and a clear outline remains on the face of the punch. 
By delicate cutting the metal round the letter 
is cut away, and finely shaded off .to beard and 
shoulder [60]. No margin of error, in any detail, 
is allowed the cutter of letter punches ; every line 
must be true to the fraction of a hairbreadth. To 
try our punch, wc smoke it, and print the blackened 
face on a piece of proof paper. If exactly to size, 
and a pertect copy of the design, it is ready. So, 
letter by letter, sign by sign, the punches of the 
typefoundry are cut. 

Matrix and Mould Making. An or- 
dinary matrix is made out of a piece of cojijier, 
one inch and a quarter long, one-eighth of nn inch 
thick, and of a width proportioned to the width 
of the type. Into this piece of copper the punch is 
struck, leaving the letter deeply embossed on the 
copper [50]. After being struck, the matrix, as the 
copper is now called, is carefully milled, in prepara- 
tion for being justified to the mould. Justification 
is bringing the matrix into exact relation with the 
mould of the type body, so that all the letters 
when placed together will form one straight line. 
Practice alone enables a workman to become expert' 
at justifying. The deviation of one- thousandth 
part of an inch from the proper point, in a few letters, 
would produce a fount of type such as even the 
ordinal^ reader would regard os a joke. 
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The mould of the body of the type is. composed 
of steel, and in two parts, encased in hard wood [52J. 
In the making of these little steel boxes, fine skill 
is required; ror the difference in breadth between 
one letter and another is often almost infinites- 
imal, and yet it must be obtained. This, however, 
is a more matter of workmanship which can 
only be acquired in practice. Kven the 
smallest mould must be absolutely true in every 
particular. 

Having got our matrix and mould, our next 
duty is to put them together for work. If the 
matrix has been properly justified and the mould 
well made, this should not be a matter of any 
difficulty. The two parts ... 

of the mould are firmly 
clamped together, and set 
in position for the casting. 

Composition of the 
Metal. Almost every 
typefounder has his own 
favourite recipe for com- 
pounding the metal of 

the type he casts. Lead, 

. regulus of antimony, and 
tin are the chief con- 
stituents of typo metal. Lead moulds easily and 
cools quickly; antimony gives hardness to the 
load ; tin adds tenacity and toughness to the com- 
position. Lead is cheap ; tin and antimony aro 
costly ; but the smallest proportion of antimony 
in small type is one to three of lead. A good, hard 
tyi^)e is made of two parts lead to one of tin and one 
of antimony. Other metals are also used ; there 
are no limits to the variety of metals which may 
be used, so long as the metals will combine, form 
a strong type, and be cheap enough to com]>cte 
on the market. We can prescribe no set formula ; 
the matter is one of experiment and practice. 

Casting the Type# Whatever composition 
we may elect to use, the i 
stantly molten over 
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type, letter by letter, on a flat stone, polishinf 
the metal smooth and even. 

DreMing and PicRlng. From the rubbini 

table the typo comes into the iiands of the dfessor 
This is a very important part of the typefounder^ 
work. Setting up the letters in long lines, the 
dresser ranges, dresses, and clears the type, taking 
away any little defect or roughness which may be 
upon the letters. The face is his sfxjcial care; 
but to the beard, the shoulders and the nicks 
he also pays keen attention. As the typo comes 
from the "dresser, it is picked, as the word goes. 
“Picking'’ is rather a bad name for the work, 
l>e(Miise it a])]>lios to the rejection of the defective 
_ letter. ■ The picker must 
have a good eye for 
form, and know typo 
thoroughly, for type can 
have a good many faults 
invisible to the careless 
or untrained eye. It may 
be oat of range, too 
high, too low, clogged, or 
otherwise below the stand- 
ard of excellence required. 
For any one of these 
defects, the letter is picked out and thrown 
among the scran metal to be melted over 
again. With plain type, the picker merely 
needs to be ordinarily careful ; but in working 

are 


metal must be kept con- 


fire or gas, with a ladle 
in readiness. The mould 
being set and closed, the 
caster pours the molten 
metal from the ladle 
through the orifice in the 
top of the mould. Some 
casters give the mould a 
slight jerk, to make the 
metal sink downn com- 
pletely; but it may only 
lie a habit; the metal 
fills the mould by its own 
weight. Almost instantly 
it solidifies, and the 
mould is opened, to cast 
out the newly-cast type. 

At the end of the type, 
when it is thrown from 
the mould, is a tag of 
lead, named the jet, 
which must be removed before tmy further sie]>3 
are taken. Breaking off is usually done by a boy; 
it is a simple but necessary detail of the process, 
and must be neatly done. Hand-made ty|>e can be 
distinguished from machine-made by the size of the 
mark left by the tag, or jet. 

Though a mould may ho very finely adjusted, 
and the metal most intimately amalgazmgpd, 
some slight rouglmess always ap}>cars IT a 
casting. Removal of the rough skin is accom- 
plished in a very primitive way, 
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A boy rubs the 


the letter 
the scrap 
With plain 

to be ordinarily careful ; 
over itiilics and fancy tyi)C8 his difficulties 
not small. 

Before being passed on to the pagers, the typo is 
given a final dressing. It is again in8}>octed care- 
fully under a magnifying glass. Letters found 
defective under this last senutinj^ are rejected, or 
put aside for remedy. Then the type is set uj) 
iiit/O solid squares, called typefoimders’ pages, 
and firmly tied. It is now ready for use. 

Founts of Type. In a former i)art of this 
course, the varieties, classes, sizes, and qualities 
of t3qie have been exhaus- 
tively studied [see pages 
5027 and 5157]. But 
there is one matter, pecu- 
liarly interesting to the 
tyj)efounder, whiesh could 
not be touched upon else- 
where. We know that a 
fount is made up of 
those letters, characters, 
and signs which are 
necessary for printing any 
written form of sj^eech. 
But the relative 
numbers of each one 
of those letters which 
may be required needs to 
be determined, in an 
approximate way, at 
least, before the type- 
founder con get to work. 
A variety of rules have 
been recommended as governing the making of 
what is technically named the “bill” of type; but 
not one has been found to answer satisfactorily. 
The reason for this lies in the wonderful copiousness 
of the English language. One writer runs on vowel 
sounds, and anothCT delights in consonants. Dickens, 
for example, caused a run on e’s in the office 
where a novel of his was being sot up ; Matthew 
Arnold and Oliver V/endell Holmes, widely separated 
in many respects, are alike in using large propor- 
tions of consonants. Striking a fair average 


we think 
well ; 


the “ bill given hero answers very 


a 

8,500 

h 

0,400 

o 

8,000 

V 

1,200 

b* 

1,600 

i 

8,000 

P 

1,700 

w 

2,000 

0 

3,000 

j 

400 

q 

500 

X 

400 

d 

4,400 

k 

800 

r 

6,200 

y 

2,000 

e 

12,000 

1 

4,000 

8 

8,000 

z 

200 

f 

2,500 

m 

3,000 

t 

0,000 



g 

1,700 

n 

8,000 

u 

3,400 





Typerfounding by Machinery. The first 
attempts at introducing machinery into the type- 

foundry were directed to 

the casting. About 1848, 

Messrs, Miller and 
Richard, of Kd inburgh, 
patented a casting ma- 
chine, which was driven 
by manual power. S inl- 
ine in structure, being 
little more than the 
mechanical connection of 
the mould anci the 
metal-pot, this machine 
produced good quality 
type at a high rate of 
Sf)eed. Though still used 
in small foundries, the 
hand-driven machine has been quite superseded by 
later inventions arranged for power drive. The 
first of these, patented in the year 18(K), was 
produced by the same firm, and the machine, 
as it now stands, is a very efficient and handy 
tool. During the later years of the nineteenth 
century, inventors, both in (Ireat Britain and 
America, were busily engaged in contriving 
improvoi tyiie-casting machines. 

Type-casting Machine, In this machine, 
the two parts of the caster's equipment, the melting- 
pot and the mould, are brought together and placed 
under the government of a single mechanism. 
Beginning with our raw material, we find it in 
a ix)t, kept heated by a small furnace under- 
neath, both being enclosed in a casing of cast 
iron. Within the pot, and communicating with 
a narrow channel in its aide ended by a sharp 
nipple, is a forcing pump. At the end of 

the pump chamber, immersed in the liquid 
metal, is a valve which alternates in movement 
with the piston. As the piston 
ascends, the valve opens, and 
when the piston descends, the 
valve shuts. Through the 
open valve the mass of metal 
rushes into the pump. The 
valve then closes and shutsr it 
in. With a quick movement 
the piston descends and drives 
against the metal. Having 
only the narrow channel 
terminated by the projiM’ting 
nipple as an outlet, the metal 
is driven up the cliannel and 
out by the nipple in a strong 
jet. The old typefouudeis 
perfected the hand mould, 
and it has gone into type- 
founding machines modified 
in such particulars as me- 
chanical exigencies demand. 

The mould is opened and shut by cam-actuated arms. 

All the ports of the type-casting machine work 
beautifully together. When the machine starts the 
piston of the forcing pump in the metal -pot comes 
up, and the metal fills the chamber through the 


50. HAND TYPEFOUNDINO (a) Steel Punch (6) Copper 
.Strike (c) Finished Matrix (II. W. Cuslon & Co., Ltd.) 


PfItfITINQ 

oi)cncd valve. Next the tw'o arms which hold the 
halves of the mould, come together ; the mould 
closes. Then the arms move towards the nipple, 
while, at the same time, the piston goes dowm m 
the pump and drives the lead spouting up through 
the nipple, just at the moment the mould is brougnt 
up to it. Nipple and mould onificc join to form one 
channel, and tuc lead rushes into the mould. With 
the next turn of the w^heel the arms part ; the 
mould, borne round, drops the type on to a 
channel leading to a receptacle beside the table, 

into which it falls. The 

- whole movement begins 

again. So, lettcT after 
letter, the type is cast. 

Insteacl of the hand rub- 
bing and dressing, we have 
a machine which rubs and 
dresses the type. It is 
rather out of favour now, 
because the newest casting 
machines produce type 
which needs very little 
dressing. Adjustetl to 
the size of the type, the 
machine cuts off the jet, 
forms the feet, trims 
and rubs the sides, by 
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the front and back, 
successive acts, very ingeniously arranged. 

Automatic Type-casting Machines. 
It is in the simple form of type -casting machine 
which the principles of typcfomiding can 1^ most 
easily studied and we have, on that account, 
examined them in detail. For the finer classes of 
tviie, and particularly for the ornamental tyjyea, 
the old machines hold their own. As with other 
industries, however, the object of machine 
invention has been to make the operations of pro- 
duction as nearly automatic as possible, and that 
object has been largely a ttained. Most typefounding 
establishments have siiecial machines of their own, 
carefully protected by patents. One or two 
machines of the automatic variety have become 
the common property of the trade, or may be 
secured by anyone who cares to acquire them. 

Manufacture of Wooden Type. While 
it is agreed that met^il is tho proper material for 
small type, there is considerable diversity of opinion 
as to tho size at which metal 
ceases to be more suitable than 
wood. Many practical men 
consider that metal type larger 
than 0-linc pica is not so 
useful as wood type. Founts 
of metal type, however, as large 
as 24-line, are frequently used. 
Of course, these are not oast 
solid, but made with feet at 
top and bottom, and a centre 
bar. This removes partly one 
serious objection to the use of 
metal for large type — -the 
weight. Into the controversy 
we ncefl notenter. The obvious 
duty of the maker of wooden 
tyi)C is to minimise as far as 
possible the objections to his 
product by selecting well- 
seasoned wood, of fine grain 
so that warping, softneas, 
be reduced to the lowest 
With these precautions, wood 


and hard quality, 
and shrinking may 
possible proportions, 
type can be made superior in usefulness to metal 
type of sizes above 8-line pica, or even smallor. 
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MateriaU and Tools. The maker of wood 
fcype is praotioally a wood -carver, and this depart- 
ment differs altogether in both tools and general 
asj>ect from the typo foundry. Most of the common 
wood-working tools are here. Circular saws, rip 
saws, band saws, planers, lathes, and others of the 
smaller machines of the wood worker are useful to 
the wood-tyf)e maker. With these he reduces tho 
blocks of wood to size for putting the face on. 
The principal hand tools are chisels, gouges, scoopers, 
scraj^rs. Several sizes of these tools are required. 
The wood must be tough and hard, well-seasoned 
and free from knots. Many of the rarer kinds 
of hard woods are very suitable, but they are too 
cosily ; we therefore depend mostly on pear wood, 
rock maple, and box. If seasoned thoroughly, these 
woods produce good ty])e. 

Being a skillofl handicraft, the operation of cutting 
type by hand can hardly be learned by mere theoreti- 
cal study. Training of eye and hand in the use of 
the tools and tlie working of tho wood, practice in 
draughtsiuanbhip, are the only methods by which 
any lad can become a skilled maker of wood type. 
Tho actual steps in the operation are few and simple, 
calling for no stretch of the memory. Having cut the 
wood to size, the letter is drawn on tlie face of the 
wood, and lined out with the graver — a prism- 
shaped tool, w'ith sharp edges, and held firmly 
between finger and thumb. The letter clearly 
defined, the rough of the wood about it is cut away. 
Before finishing, the letter should bo proofed. If 
this seems satisfactory, the edges are finely sharpened 
and the margins deepened. Then the surface i.s 
well oiled and polished. 

Machine Cutting of Wood Type. 

About the middle of the nineteenth century an 
ingenious w’ood-carver invented a carving machine 
w'liich has since l)een found applicable to the emitting 
of wood type. The principle of the machine is very 
simple. An iron easting of each letter is made. 
The casting is laid in the centre of the machine. 
On a long spindle fixed above the bench, and con- 
trolled by the drive, shfirp cutters are placed, at 
regular distances, with the points all level and just 
type-high when at rest. In the middle of the machine 
is a bhmt tool, or stylus, and under it the iron letter 
is laid. When the machine is set going, the blunt 
stylus moves over the lines of the cast iron letter ; 
the sharp tools, being set on the same spindle, 
must move in precisely the same way, and at the 
same depths as the bhmt tool. Under the sharp 
tools the blocks of wood are laid, and in conse- 
quence, they are cut out in the shape of the letter. 
Various ways of utilising this idea have been devised ; 
but the machines, however different in form, 
are similar in principle. It must be obvious that if 
the casting is true and properly set tho wood type 
cut by this method must be perfectly exact. Every 
machine is adjustable, and may be used to produce 
sinniltaneously as many letters at a time as may 
be required. 

Fount of Wood Type. Even in posUTs 
the characteristic determination of the English 
language tOAvards the more frequent use of certain 
letters than others is strongly manifest, and in the 
make-up of letter founts, serious account of it must 
be taken. Several attempts have been made 
to bring the pro^xir method into a short formula, 
but none have succeeded. The difficulty can be 
best illustrated by concrete examples of founts 


found to be useful in actual praotioo. For a con- 
siderable period it was usual to judge founts by. the 
number of “ E’s ” contained in it, and denominate 
them as three-E, five-E, and so on ; but the better 
practice is to take the number of pieces in the fount 
for the purpose of classification — four-dozen, five- 
dozen, six -dozen, and on up the scale. Leaving out 
the points and signs, the proportions are as foUow : 

Fivtc-AXD-A-HALF DOZBN FoUNT 
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Fount 
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Attempts have been made to get a finer surface 
01 ) large typo than wood affords. Some very fine 
founts have been made by forming the surface of 
the type of metal, and pinning it on to wood ; but 
these founts do not last very well. A more recent 
cx]x‘riment has been mode with celluloid. From 
many points of view, this material would seem to 
be ideal for the making of large type. It is light, 
strong, tough, and may be moulded like any metal. 
Alternatively, celluloid may be softened, stamped, 
and then hardened. 
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TELEPHONES 

A ” and ** B ** Positions. Lay-out of Exchang:e. How Wires in 
Cables are Identified by Colours. Distribution Frames. Testing 
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ContinufHl from 
p«^ SHSJ 


By D. H. KENNEDY 


DEFORK proceefling to describe in detail the 
junction apparatus a little enlargement on the 
subject of “A” and B’* positions may be desirable. 
Let us suppose an area divided into four quarters 
— norths south, east and west — iii each of which 
there is an exchange of 10,000 subscribers called 
after its district. If the traflje is evenly dWided, it is 
clear that 75 ))er cent, of the calls will pass through 
two exchanges, while only 25 ]>er cent, will bo 
completed on the same exchange as originated. To 
enable this interexchange traffic to Ije disposed of 
easily and quickly' two sets cf junctions are ))ro- 
vided between every pair of exchanges, one for the 
traffic in each direction. If each “ A ” o|»erator 
at, say, the North exchange attends to 100 sub- 
scril)era, there will be 100 “ A ” positions. Each of 
these “ A operators will have access to the “ out- 
going junctions ” to the South, East, and West 
exchanges. In the same way, these three exchanges 
have sets of 
junctions which 
are “outgoing” 
at their end and 
“ incoming ” at 
North, • where 
they terminate 
on “B” posi. 
tions as al.eady 
deiJoribed. The 
“ B ” operator 

at South who 21. ARRA15GBMENT FOR 
attends to the 
North “ incom- 
ing junctions ” listens on a call wire which is 
multiplied over all the “ A ” positions at North, 
and she deals only with calls from Fouth to 
North, Calls in the other direction arc dealt with 
by South “ A ” and North “ B ” oi>eratorH, so that 
we have arrangements similtu* to the “up” and 
“ down ” of the 
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CONNECTING TWO 
TWO EXCHANGES 


SUBSCRIBERS 


railway line. 

Junction 

Apparatus. 

Figure 21 shows 
in a skeleton 
form the ar- 
rangements for 
connecting two 
subscribers 
through two ex- 
changes. It will 
be found that the 
control of the 
communioa- 
tion is in the 
hands of the 
“ A ” operator, 
and that the 
signal from the 
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B” subscriber passes through to the “A” operator, 
so that no simal is received at “ B ” until ” A ” 
clears. Only the reputing coils, supervisory lamp 
rOlays, and the cabling plug are shown at A. 


The “ A ” end of the junction consists of a series 
of multiple jacks — only one of wh oh is shown. 
At the “ B ” or “ incoming end ” there is a repeating . 
coil having four windings, each of 20 ohms resist mce. 
A tWD-microfarad condenser is connected to one side 
and a 24-volt battery to the other. There is also a 
relay having two windings, one of 12,000 ohms 
and one of 30 ohms ; a supervisory relay and clearing 
lamp with 40-ohm shunt ; a cut-ofT relay, and a 
combined ringing and listening key. The springs of 
the listening key are not shown in the diagram. 
Th^ ringing key has an electromagnet with a clutch 
so that when actuated it continues to ring the sub- 
scriber until the closing of the circuit causes an 
increase of the current passing through M, so that 
it attracts its armature and releases the clutch. 

The order of events is as follows : After the “ A ” 
operator has spoken on the call wire and the “ B ” 
ojierator has named the junction, the “ A operator 
^ l>h»g6 m- The 

- “u current from the 

“ A " battery 
actuates the 
12,000 -ohm re- 
lay and the 
lamp at “B” 
will light, the 
current passing 
through the 
lamp, 40 -ohm 
THROUGH resistance, arma- 
ture of 12,000 
ohms relay, 
armature of out-off relay, 83 1-ohm resistance co!!, 
and to earth at N.B.R. 

The lamp in the calling cord at ” A ” will light 
because the current flowing is not sufficient to 
energise S.LR., and the circuit of the lamp is com-' 
pk^ted through the 30- ohm resistance at the bush 

of the jack. 
The “B” opera- 
tor tests and 
})lii^ into the 
subscriber. 
Immeliately the 
cut-off relay is 
energised and its 
armatures close, 
thus putting out 
the lamp, which 
is now shunted 
by the 40-ohm 
resistance. 

The depression 
of the ringing 
key sends out 
an interrupted 
ringing current, 
G being the 
generator and I the interrupter. Wh^ the subscriber 
replies, the substitution of his transmitter for the 
condenser allows the current to energise M and 
thus disconnect the generator. This also provides 
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present equipped for 1,080, with six ** A positions 
and tln‘ee “ B ” positions. Its comparatively small 
size enables some of the component parts to be 
brought into closer proximity than would be possible 
in a larger exchange. 

In 22 we have a diagram of the wiring of a sub- 
scril^r's circuit which should be compared with 12 
[page 5878]. This general system is followed in all 
common battery exchanges, the sizes of the various 
frames and the number of cables being increased in 
l>roportion to the number of subscribers. 

The horizontal side of tlio intermediate distribu- 
tion frame may be regarded as the centre of the 
wiring system from which radiate four principal 
cable runs : A, the wires to the main distribution 
frame, going out to the lines, arranged in 42- wire 
cables (each cable contains 21 twisted pairs for 
20 -subscribers, and 1 spare pair) ; B, the wires to 
the multiple jacks in 03- wire cables (20 subscribers, 
1 spare) : C, the wires to the relay racks in 84-wire 
cables (20 subscribers, 1 spare) ; and I), the wires 
to the answering, or A i^sitions, also in 84-wire 
cables. The tags on the intermediate distribution 
frame may bo read from left to right as “ tip, ring, 
test, lamp,** 

Cable Colour Code. The cables contain 
wires of No. 22 copper, and, except in the case of 
the 21 -wires, are fiat in section. Identification of 
any wire at any point is made possible by using 
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a path for the current from the 24-volt battery, so 
that S.L.R. is actuated, bringing the 30-ohm coil 
into parallel with the 12,000 ohms. The current 
from “A” now increases so that S.L.R, at “A” is 
energised, and the lamp in the calling-cord darkens, 
intimating to the “ A ” operator that the “ B ’ 
subscriber has attended. 

The Clear Signal. When the “B” sub- 
scriber replaces his receiver, the armature of 
S.L.R. at “ B ” falls back, and this in turn affects 
the supervisory lamp relay at “ A.” If a similar 
signal is received from the “ A ” subscriber, the “A” 
operator “ meters ” the call and takes down the plugs. 
Withdrawal of the plug from the “ A *’ end of the 
junction de-energises the 12,000-ohm relay, and its 
armature drops &ick, removing the shunt from the 
lamp, w’hich lights, giving the clear signal to the 
“ B ” ofXirator, who com plates the tronsuotion by 
taking down the plug. 

General Lay-out of Common Battery 
Exchange. Having considered the circuits in 
detail we must now take them in the mass, and 
consider the disposal of their various parts in a 
well-arranged exchange. 

The photographs illustrating this article to 
the Ealing Exchange — one of the numeroir in- 
sbvllations carried' out for the Post Office by the 
Western Electric Company. It is designed for a 
maximum capacity of 5,400 subscribers, and is at 




distinctively coloured cottons 
and following a definite colour 
code. • It is made up as follows : 

1 Blue 12 Orange-green 

2 Orange 13 Orange? orown 

3 (?reen 14 Orange-slate 

4 Brown 15 Green- white 

5 Slate 16 Green-brown 

6 BUie-white 17 Green-slate 

7 Blue-orange 18 Brown-white 

8 Blue-green 19 Brown-slate 

9 Blue-brown 20 Slate-white 

10 Blue-slate 21 The spare wire 

1 1 Orange- is red. 

white 

This code gives us the colours 
and numbers for a 21 -wire cable. 

In a 42- wire cable each code wire 
is twisted with a white wire. In a 
63-wjro cable we have, in addi- 
tion to the 42 already described, 

21 wires coloured (1) red-blue, 

(2) red-orange, etc., the colour 
code being repeated, but with 
the addition of red on each wire, 
the spare wire being red -white. 

In an 84- wire cable the red- 
blue series are each twisted with 
^<olid red wires. 

Main Diatribuilng 
Frame. The main distributing 
frame [28], or M. 0. F. as it is usually 
called, is the connecting point be- 
tween the street distribution main 
cables anl the internal exchange 
wiring. It is, built up of open 
iron framework. The main cable 
in which th6 subscribers’ wires 
approach the exchange are of the 

paper - insulated, lead - covered ^ , 

ty^, but at the point of entry to the building they cables arriving from the main dis^ibutirig frame; 

are provided with a short termination length of cable, while at the further end they are going on by means 

the conductors of which are insulated with wrappings of another iron runway to the switch-room, and to 

of silk and cotton. The silk and cotton cable is the relay rack. The vertical side of the intermediate 

brought to the maiii distributing frame, where it is distributing frame is provided with strips of t^igs 

fanned out like a comb, beeswaxed, and laced with of the same kind as on the horizontal side. For tins 

twine, the wires being atranged at distances suitable frame four wire jum])er8 are necessary, and, as clearly 

for the tags. The cabbie is then fasten^ up under one indicated by 22, it affects only the answering ix)sition, 

of the horizontalruns and thewire soldered to the tags. enabling any line number to be connected to a^ 

Thehoeu^ntel^kle of thcms.in distributing frame is given position number. The sole object of provid- 

notvisible 'in23, but a glance nt the horizontal side ing this frame is to allow of the adjustment of tlie 

of the intermediate frame, shown in 25 , will suffi- load on the various “A” positions. With a view to 

ciently explain. The vertical * side of the main facilitating this proemling, a s|>ccial meter is 

distri outing frame [231, as well as providing. the ter- provided for each position, s5 that in metering a 

ininating point for the exchange wiring, provides subscriber’s call the oi)erator also counts one on her 

accommodation for the protective devices. These are position meter.” By observing these from time 
of threekinds^namely, tubular fuses, heat coils, and to time the exchange manager is able to watch the 

carbon lightning protectors. The springs which hold variation of the loads on positions, and any over- 

the heat coils fidso serve as test jacks. Cofih^tion pressed or undor-pressefl position can be levelled 

may be made from any wire on the horizontal side up or down by suitable crossing on the intermediate 

to any exchange number on the vertical side, distributing frame. 

and this is done by meox^ of a two-wire jumper Relay and Meter Frame*. To the left of 
of flame-proof insulation. It is first soldered to the the intermediate distributing frame [ 24 ] is the relay 
tags oh the vortical side, then passed up or do^ . frajne ; line- and cut-off relays arc built up together, 
vertically until opposite the horizontal line to which and those again in sets of ten, so that the top left- 
the street wire is connected. The jumper is then . hand strip contains, as indicated by the figures on it, 
passed through the. large iron eye, and along the the lino and cut-off relays for numbers 0 to 9. Of 

top of the horizontal run to the tags to which it is course, 0 is always appropriated for service purposes, 

soldered. ' Still f mother to the left is the meter frame. These 

Int«rm«diata Distrilmting F»me. In also are built up on strips containing 10. Each has, 

25; oi^'ihe right side, there is a view of the inter- however, a separate cover with a mica window 

m^iate. distributing frame, the ironwork details . through which the reading enn be taken. At the 

being very simliar to those of the main distributing bottom of each frame there is a stout flat bar of 

frame. At the near end can be seen the 42-wh’o copper, which serves as the common earth return 
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TCLIPHONn 

indicated in 22 W the dot-and-dash lines from the 
!neter and cut-ofif relays resj^ectively. 

In the case of the meter frame; the heavy cable 
connecting with the copper bar can be seen entering 
the floor troughing on its way to the positive pole of 
the battery. 

This illustration gives a good idea of the neat way 
in which cables are carried from point to point by 
means of open ironwork ruhs. As the subscribers 
increase, apparatus will be added from time to time 
until the limit of the equipment has been reached, 
by which time these will bo quite filled. 

Reaiatance Lamp Cabinet. The GO-ohm 
resistance lamps are arranged in blocks of 100, 
and 24 shows a corner of the cabinet equip|>ed 
for the first 1,100. An earth fault on a subscriber s 

B or “ ring ” lino will at once show up hero. 
Above each group of 100 there is a special compari- 
son lamp which can l)e joined across the battery by a 
key (not aho\^m), so that the glow due to the full 
battery power con be compared with that showing 
on lamp. 

Condenser and Repeating Coil Rach. 

Another iron framework, visible under the clock 
in 26, is provided as a resting place for the 
condensers used in connection with the junction 
circuits, ns well as for the repeating coils used 
in all the coil circuits. Reference to 11 [page 
r>878] will recall the fact that the repeating 
coils are joined directly to the battery. It is 
necessary, therefore, that fuses should be intro- 
duced in order to avert fire danger. For this 
purjKJse the cabinet on the left of the coil rack is 


provided and equipped with a slate base and 
copper busbars and terminals on which the fuses 
are mounted. 

In order to lessen the time of interruption when 
a fuse is blown, an ingenious alarm system is intro- 
duced. Each fuse is provided with a white glass 
bead. When a fuse blows, this is thrown outwards. 
Simultaneously, a lamp at the end of the busbar 
lights, and the bell on the side of the cabinet rings 
loudly. This calls the attendant, the glowing lamp 
indicates the busbar, and the glass bead indioatcA 
the blown fuse, which is thus localised and replaced 
very quickly. 

Testing. In 26 wo are enabled to see the wiring 
of the relays, and beyond them the vertical side pf 
the intermediate distributing frame. The neat way 
in which the 84- wire cables are fanned out, each 
to 10 line and cut-off relays, is conspicuous, and 
comparison with 22 should again be made. All 
testing of circuits is done from the desk, fixed in 
this case midway between the relay rack and the 
fuse cabinet. It is fully equipped for two testing 
officers. In America they are called “wire chiefs,” 
but. except in connection with the desk, the title 
has not bvken root in this country. 

Built into the bice of the desk on each side is a 
voltmeter of the D’Arsonval type, which is the sole 
testing instrument for each officer. The resistance of 
the instrument can be made at will 100,000 ohms, 
10,000 ohms, or 1,000 ohms. An E.M.F. of 40 volts 
is provided by dry cells. When any resistance is to 
l)c measured, it is joined in series with the voltmeter 
and battery, and the required value is given by the 

formula R V — 1) >vhere R == 

unknown resistance, V = volt- 
meter resistance, D — deflection 
of voltmeter when terminals are 
joined direct to 40 volts, and = 
deflection given when unknown 
resistance is included in circuit. 
Rough capacity tests can also be 
mode. Cards giving the readings 
corresponding to various deflec- 
tions are provided. 

When a new subscriber is being 
connected "up, his line is tested for 
insulation and conductivity, and 
the results carefully recorded for 
comparison with tests to be made 
subsequently when periodical main- 
tenance visits are made by the line- 
men. Those are most valuable for 
enabling faults to come under notice 
in time to avert serious trouble. 

Special Connecting-up 
Switch. Another interesting 
and useful item to be found near 
the M.1).F. is a small switch fitted 
with lamp, jacks, and pegs and 
cords, ana arranged so os to facili- 
tate communication between the 
test-room and linemen who are 
engaged connecting up new sub- 
scribers. The wires appropriated 
for the new subscribers are con- 
nected to a jack on this switch, 
and the linemen or jointer who is 
at work on them can at any 
time obtain the attention of the 
test-room in order that any test 
he requires may be made. 
Continued 
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tools used by watchmakers are those which 

* they also require for the clockwork which 
comes into their hands, but, in addition, thev 
require a number of Yery small screwdrivers, whicn 
are made on quite a diiferent plan to the oMinary 
tool with which we are all accustomed. The most 
practical screwdrivers can be made by the workman 
himself. 

A complete range of screwdrivers runs from J in. 
in width down to the last-named being used 

for removing jewel screws. 

The eyeglass, which is generally considered 
indispensable to the watchmaker, can well be 
dispensed with if the workman has good eyes, 
and if he has not, a pair of spectacles will benefit 
him, and save him from damaging his sight. 
Occasionally the use of a glass is convenient in 
order to see any dirt in a watch, and then it should 
be fixed in the eye os follows : 

The edge of the glass should not be loss than 
1 in, in diameter, and should not exceed 2 in. Press 
the upper edge under a fold of skin just above the 
eyebrow, unless you have very projecting bones, 
when you mav be able to catch it beneath the rim 
of the boife. Gently press the lower rim against the 
skin of the cheek, wnen the glass will grip and be 
easily held. Anything like making grimaces is 
quite unnecessary, and will prevent you from 
seemg. In purchasing a glass do not get one 
too strong. 

Several brushes, rather finer than those used 
for clockwork, will be required, and a piece of 
billiard chalk or Frohch chalk to clean them on. 
Tissue-paper, pegs of wood, tweezers, nippers like 
cutting pliers, and so forth, will be necessary. 

As dust is the chief enemy of watches, a plentiful 
supply of broken wineglasses should be collected, 
for they ore always useful to use as small bell- 
glasses. 

Taking a Watch to Places. Though we 
have not followed the regular practice in making 
a start at olockwork, we will do so in learning the 
parts of a watch, for two reasons — ^namely, the 
works of an English lever watch are very similar to 
those of our cheap clock on a smaller scale, and 
levers ure expensive and easily damaged. The old 
verge watch will show us some new features, is 
strong, and an old one can bo borrowed from most 
obligmg watchmakers. Further, the mechanism 
of a verge watch will, apart from the escapement, 
teach us the essentials of the 
mechanism of the old stye of 
lever watch, and even that of 
the chronometer. 

To take a watch out of its 
case you must look for the 
fastening, which, in a verge 
watch, are a spring and hin^. 
The hinge is under the XU., 
and the spring tmder the VI. 

, Press out the pin of the hinge 

u f™* "'J* ‘I*® ^ 

Z). Pivot of balance tweezers, remembering that the 
g. Bei^tor pins of a watch are always 
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put in in the direction from the HI. to the IX., 
so must be pushed out in the opposite direction. 
If the spring be then lifted the entire movemeiit 
will come out into the hand. 

The next thing to do before examining the works 
is to remove the hands, and this is easily done, 
either with a pair of cutting pliers, just catching 
the edges under the centre fianges, or by prising 
up with the edge of a knife. Once the hands are 
removed, we can look at the works. Turn them over, 
and lay the watch on the rim of the eyeglass, or 
on the edge of a small wineglass, to prevent any- 
thing being damaged. 

The first thing that strikes us is that the balance, 
instead of being inside the watch, as in the cheap 
clock, is held by a cock on the outside back-plate. 
Beyond that we see a curved plate, which is called 
the name-plate, and which covers the spring barrel, 
and that is all to be seen. The figure will explain 
these parts. Look under the dial, and see where 
the pins are that hold it on, and then prise these 
out by lightly cutting into them with the edge of 
your knife, and then turning outwards. The dial enn 
then be removed, and the motion work exposed, 
which is the same as in our cheap clock, so we need 
not trouble about it. One thing, however, we must 
impress upon you here — never take hold of watch 
parts in your hands ; always use the tweezers or a 
piece of tissue-paper. 

Removing the Plates* Clear off the 
motion work, with the exception of the cannon 
pinion, and then turn the watch over, and you 
will be ready to take off the plates. First unscrew 
the screws which hold the cock, and gently lift 
it. Next unpin the balance spring and withdraw 
the balance straight upwards, obeying one of the 
wheels at the side, so as not to let the watch run 
down too violently. Round the place where the 
balance lay will be found the regulator, which mav 
be a plain circle, or possibly very highly decorated. 
At the hole through which the staff of the 
balance wheel, or verge, as it is called, passed you 
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the balance sts^ swinging from, tooth .to tooth, 
and . so permitting one at a time to pass. ’ The, 
motion of ^is orown wheel is passed to a pinion 
on Its arbor, and this is the escape pinion of this 
kind of watch. Unscrew the name>p1ate, and you 
will see the barrel beneath, lying with a chain 
coiled round it. 

Before going further let the watch run down to 
its full extent, and then proceed to let down the 
spring/* which means let all the slack of the spring 
out. This is done as follows. On the dial aide of 
the watch-plate will be seen a tiny ratchet and 
click. Put a key on the winding square and turn just 
enough to enaole you to raise the click ; then let 
the spring run down carefully, noting how much it 
has to go, so as to be able to set it up when you put 
the watch together again. 

The spring being now quite loose, the chain will 
lie loose round the barrel, and the barrel may be 
lifted out after the tiny chain has been unhooked 
from the hole on it. The chain can then be released 
from the fusee round which it runs, and taken away 
and placed under cover. Note that the hooks on the 
ends of the chain differ, that on the fusee end being 
short, while that which goes into the barrel has a 
long tail. 

All the top of the plate being clear, unpin the plate 
ns in clockwork, and carefully lift the plate off, 
keeping it parallel to the bottom one, so as not to 
strain the pivots. 

The Train, The train of wheels will then 
be seen, if you replace the barrel for the moment, 
as is illustrated. The actual motion is as follows : 
The spring in the barrel pulls the chain off the 
fusee, which is the curious wheel with the spiral 
step running up it, and the wheel on the fusee 
may be considered as the great wheel. This 
runs on the centre-wheel pinion, which in turn 
moves the third wheel. The fourth wheel, 
moved by this, has its teeth standing ujj ; this is 
a crown wheel, and is called the emirate wheel 
in verge watches. The teeth of this work on 
the pinion of the escape-wheel arbor, and .so 
the escape wheel turns. Comparison with our 
American clock will show us no really ftmdamental 
differences, though the mechanical means of impart- 
ing the force of Uie spring is stremge. 

It may be asked why the fusee nas steps running 
up it. The reason is that the more a spring unwinds 
the weaker it gets, and the spiral is regulated to 
give the spring harder work to do when it is 
strong and easier work when it is weak, and so 
counteract the variation in its strength, and 
enable tolerably equal vibrations of the balance to 
be maintained. 

The wheels can now be taken out, taking the 
barrel first, then the contrate, next the fusee, then 
the second wheel, and, lastly, the third wheel, which 
will probably have to be removed by unscrewing 
the plate on the pillar plate of the watch, as the 
second wheel in vei^ is often held in by its pinion, 
which should not be disturbed unless absolutely 
necessary. 

The parts should all be brushed and cleaned 
carefully, the wheels heiim held the while between 
pieces of tissue paper. Ine holes must be oleaned 
out with pegs until the wood returns quite clean, 
and everything done as in clock cleaning, save that 
far greater care must be taken, and the minimum 
amount of pressure used on the delicate pinions 
and arbors. When all is clean we will tuy|^vor 
the top plate, and attached to it we era^Pfind 
the escape wheel, with its pinion running between 
two little blocks, the inside one of which is called 
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the potence eoek. This potence cook not only 
acts as a l^aring for the *soape wheel, but also lor 
the foot of the verge. The other end of the pinion 
passes into a bearing in a little plug called the /of- 
lower, which passes through the outside' stud, 
or counter potence, and oy withdrawing this 
plug the ’scape wheel and its parts can be with* 
drawn. 


You may find some difficulty in cleaning the 
tiny pivots of the arbors, but if you use a fragment 
of common elder pith instead of the brush you will 
find that they can be beautifully cleaned. 

Ezauninihg. Having got your wheel parts 
thoroughly clean, the next thing to do is to examine 
them, and try them all by spinning them in their 
own pivots or between a pair of female centres 
in the turns to make certain that they are quite true 
— in fiat and in round, as the watchmakers call it. 
If a wheel is a little out of fiat a small steel bar, 
having a hollow in it to receive the arbor, but well 
able to support the wheel, is put into the vice, and 
the wheel is placed on this. The stake is called a 
“ bumping up stake.” With a very light hammer 
the wheel can now be gently tapped till it is quite 
flat. Wheels out of round must be discarded, and 
a new wheel fitted to the arbor exactly as was 
done in repairing a clock, but on a smaller scale. 
Any wheels which are loose on their collets must 
be carefully riveted up, and a wheel with only one 
tooth broken may have that repaired either by 
inserting a new piece, as in a clock wheel, or 
by soldering in a tiny fragment to form a new 
tooth. 


Next examine the pillars in the pillar plate, and 
if any are loose they must be riveted t^ht, for a 
defective pillar often makes a watch stop through 
shifting the positions of the pivot holes. 

Now begin to put up the watch, and try the 
depths and end shakes of the pinions, beginning 
with the gearing of the fusee with the centre whem 
pinion. The fusee must stand quite upright in 
its pivot hole, or else the chain will not run on pro- 
perly. If it is defective the shoulder of the pivot 
must be turned till it is right. The depths in these 
watches should be about two-thirds of the wheel 
teeth to make them run smoothly. Experience 
alone will tell you whether the amount of any 
particular pair of wheels should be more or 
less. 

The Mainspring* We may now take the 
barrel, which contains the mainspring, and take 
out the spring to clean. The lid of the barrel 
will be readily distinguished by having a liny 
groove cut in its edge to permit of the point of 
the tweezers being insertea to prise up the lid. 
When that is done the spring will , be seen lying 
coiled up round inside the rim of the barrel. The 
barrel arbor must now be removed by turning the 
arbor the opposite way to that which winds the spring, 
and then, when you have heard the click, hold the 
spring in the barrel, and firmly pull out the bon^l. 
Now seize the centre part of the spr^ with the 
tweezers, and carefully holding the rest in the barrel, 
disengage one or two rounds from the spring, and 
get them out of the barrel. The rest will then come 
out with ease, provided you release coil after coil, 
and do not let the whole lot rush out. When the 
last coil is about to come out, you must unhook Ike 
end of the spring from the rim of the barrel 

The spring can now be cleaned by passing it 
between the blades of the tweezers which have 
been covered with tissue paper. The inside of the 
barrel must also be cleaned with paper rolled round 

piece of wood. Similarly the barrel arbmr and pivot 



hole» should be thoroushlv oleaued, and any rust 
removed with emery ana oil, followed by crocus and 
oil, and lastly by tne burnisher. 

Replacing the mainspring in the barrel is done in 
the trade by means of a specied winder which catches 
the centre end of the spring, and winds it up till It is 
just tight enough to go into the barrel. When placed 
in the barrel it is turned round till it hooks itself 
on the outside. But the operation can be done by 
hand after a veiy little practice. First hook on the 
outside end of the spring in the barrel, and then start 
to coil the spring carefully into the barrel, laying 
each coil close up to the one outside it. If the 
barrel is kept rotating in the left hand, with the 
thumb above the spring, as the right feeds in the 
spring, the task is not difficult, and can be per- 
formed almost as rapidly as with the winder, when 
all the spring is in, pass the barrel arbor through the 
centre and turn it till the hook catches. Then put 
a drop of oil on the spring, and fix on the lid of the 
barrel by pressing it firmly. 

The AdJustiM Rod. To adjust the spring 
of a verge watch the oarrol, fusee, and centre wheel 
must be put into the frame and the chain attached 
to barrel and fusee. The barrel is now wound up 
till the chain is all on it. Now give the key another 
half turn, which will set up the spring a little. 
An instrument called an adjv^ting rodt which is 
really a long steel rod along which a weight slides, 
is put on the winding square, and one turn given to 
the fusee. The weight is now slid along the bar 
till it exactly counterbalances the force of the 
spring. Now the fusee is turned till it is full 
of chain, and the spring force again tested. If it is 
less than It was before, then the spring is set up too 
much ; if more, then the spring must be set up a 
little more. When the spring is adjusted, a mark 
must be made on the barrel arbor and on the name* 
plate or top plate to enable you to set it up when 
required to the right point. 

The chain is cleaned by wiping it with papier, 
and no oil must be put on it. The click work for 
keeping the watch going while it is being wound, 
which is to be found inside the fusee of the more 
modern verge watches, must be got at for cleaning by 
unpinning the great wheel from below the fusee, and 
pulling it off its arbor. All can then be cleaned. 
The potence cock must have the wedge which holds 
the bearing for the lower end of the verge pulled 
out to enable you to clean the pivot hole, which 
must then he oiled before replacing. 

To Put Together. Lay the pillar plate 
on an eyeglass, and drop in the wheels in order, re- 
membering that the third wheel is the first in this 
class of watch to be inserted, unless it is fastened 
from behind. When all are in their places except 
the barrel, put on the upper plate carefully, dodging 
the pivots into their oearings as they touch the 
plate, which must be lowered gradually. When all 
are in pin on the plate, test the wheels by givinc an 
impulse to the great wheel, which should set the whole 
train in motion, then put in the barrel and chain, 
first fastening down the barrel with the name plate, 
and then ho<3cing on the chain, which should be laid 
straight out in preparation. Pass the chain from the 
side of the fusee inside the pillar, and then to the 
barrel, turnip the latter till the chain can be hooked 
in its hole. Then with a key on the square turn till 
the ohain is nearly all wound up and is in a con- 
venient position to be hooked to the fusee, which 
is then aone. Then set the spring up as before. 

The balance is now dropped in, the verge passing 
down to its bearing, ana the spring being passed 
between the regulator guides, and thence through 
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its stud, and secured in its proper position, after 
which the cock is put on and the watch should go. 
The motion wheels and dial are put on os indicated 
when removing, and the whole replaced in its cose, 
after which it is best to put on the hands, and not 
before, for the cock might ^t bent in pressing 
them on. 

Repairs. A broken mainspring will have to 
be replaced by a new one, and as this operation 
will frequently have to be performed in all watches 
which f^l into the hands of the worker we shall take 
this operation first. Select a spring about the same 
width and thickness as the old one. Measure it in 
the barrel. It should reach nearly to the top, and 
should occupy one half of the space between the 
arbor and the edge. If it is too long out off a piece 
to make it the right length. Heat an inch at the 
outer end in a Bunsen burner till nearly red hot, 
and allow to cool. Then punch a hole in it to take 
the hook, and taper off the point of the spring. 
The hole will then hook on the barrel hook, and the 
spring can be fitted. If, however, as is sometimes 
the case, the barrel has a hole, then you must rivet 
a hook to the end of the spring. If a spring is too 
strong, but otherwise of the right size, you majr 
slightly weaken it by rubbing the inside of the coil 
with a piece of stick charged with emery and oil, 
afterwards removing all with turpentine, and drying 
perfectly. If the break is near the outer end the 
same spring can be made to answer by xmnehing the 
proper hole, or by adding a hook as may be 
required. 

To Mend a Chain. A broken chain is a very 
frequent accident in verge and other fusee watches, 
and the necessary repair is not difficult to moke, 
^st the broken chain on a piece of hard wood, and 
while pressing the last link down with the thumb- 
nail, prize open the link rivet with the edge of a 
penknife. Turn the chain over and loosen the 
corresponding end of the opposite link in the same 
manner. With a little mancBUvring, the broken 
link can now be removed, and in the open space thus 
mode, the link of the other portion of the chain can 
be inserted. Then, with a piece of steel wire, 
tempered till it is blue, make a pin to pass through 
the link holes so as to fasten the chain. Press the 
pin in tight, and cut off close with pliers. File with 
a smooth file till nearly level with the chain, and 
then a few taps with a light, round-faced hammer 
will make a little rivet sufficient to hold. 

Putting itt a New Barrel Arbor. This is 
rather a delicate job, which occasionally is necessarv. 
In making new watches, the arbors are ^nerally 
purchased in the rough, and in the case ot Geneva 
arbors with ratchets, almost invariably so, when 
only accurate fitting and polishing is required. But 
occasionally it happens tnat a watch is brought in 
for repairs, and it may be necessary to make the 
arbor instead of purchasing a single one. 

There are three kinds of arbors in common use— 
namely, the plain English arbor, the plain Geneva 
and the Geneva with ratchet. The last you must 
buy, but the other two you can make. Take a 
piece of ordinary round steel and turn it nearly to 
shape in the foot lathe. Then attach a screw ferrule, 
and turn down in the turns till the body, or the 
centre part, is exactly to gauge. When polished, it 
should just fit the barrel holes tightly, and then om 
turn with a suitable sized broach in the hole will 
give it enough freedom. 

In an En^ish arbor, next turn the top pivot and 
fit it into the name plate, after which carefully ffie 
the square on the otuer end of the arbor to receive 
the ratchet. 
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Id a Geneva arbor it is best to make tbe square are of various kinds, but we need not ^voable about 

for the tinger piece of the stop work first, and then the varieties, since once the, main nrihoipto is under- 
finish the lower pivot, after which the top, or stood, the variations will be readily grasped."* 

winding square, must be made. ^ This also holds the Cylinder or Horizontal Watohoo. 
ratchet. The ends of the squares are rounded of! These, of Swiss make, used to form a very mat 

in a screw-head tool or in a lathe. The hook for j^rtion of the cheap watches sold in Engmnd. 

the cqmng in both arbors is made by drilling a hole They keep fair time, but unfortunately their esoape- 

obliquely in the body and driving in tight a piece ments are ra^er deli&ate and readily broken. The 

of highly tempered steel, afterwa^ cutting ott the ’scape wheel is of a pattern which we have not yot 

excess and filing to shape. met. Bound the rim a series of {n^ojeotions st^d 

To Put on a Balance Spring* The up at right angles to the plane of the wheel.^ On the 

balance spring, which should be selected as near the tops of these, and above the plane of the wheel, are 

size and thicSioss of the broken one, is to be fixed a number of teeth, the outer edge of all of which 

into the centre collet, where there is a split to hold it, form segments of the same circle. The teeth are 

which may require tightening up by a gentle tap like wedges, with one curved side, and all point 

with a punch. Then, seeing that the spring lies in the direction the wheel is to travel, 

quite fiat, pass it through the regulator fork and The staff of the balance, or verge, is expanded 

into the stud. Turn till the staff of the wheel when into a comparatively large hollow cvlinder in the 

in the frame is in pro(»er position, and then peg up middle, larm enough to hold one tooth of the ’scape 

lightly. If the spring is found to be too strong it wheel, and the stem on which it stands. Very 

can be weakened by very lightly rubbing the nearly half of the side of this cylinder is cut away, 

interior of the centre coil with a flattened piece of Now, as the balance wheel swings one tooth passes 

wire charged with oilstone and oil, the spring being into the cylinder, and before it can go through its 

removed from its collet for the purpose and Pplnt is caught on the inside face of the oylmder. 

mounted on an arbor or wooden pin. Very little The swing continues. Then it reverses, and as 

suffices. If the spring is too weak, and will not soon as the point of the tooth has emerged from the 

work if more l>e taken up in the pin, then another cylinder the slope of the outer face of the tooth 

new one must be taken. rubbing against the exit lip gives an impulse to the 

Other R.epaira« Bent teeth and defective cylinder and keeps up the swing. But, less than half 

pinion leaves and faulty pivots are dealt with in a circle being cut away, the outside of the cylinder 

exactly the same way ns those of a clock, so the has caught the following tooth, and prevented it 

work which we have learned will be of service to us. from entering till that swing is done and the for- 

Only practice can make the hands sufficiently ward one bsgun, when the next tooth takes up the 

delicate and steady to do fine watch work with work, enters the cylin- 

precision, and the beginner will have to be prepared der, and in ^doing so 

W long years of training. imparts an impulse by 

New Watches* Ckintrary to the general IS rubbing on the enter- 

opinion, no one makes a w§tch entirely himself, c |S form is 

some dozen, at least, bedng employed on the rough ^ ^ ingenious, and the an- 

parts alone, and a host of other trades also calle<l PC nexed diagram may 

in to help. For instance, the cutting of the pivot ^ explain its action, 

holes in the plates is one trade ; the making of the Watches of this type 

jewel collars and fittings is another ; the fitting of are very often made 

the jewels a third; and the fashioning of jewelled a nvTTvnu'o urirrmr without pillars, each 

pivots a fourth, and so on. The watchmaker is a kscapkme wheel bei^ hel3 W a 

man who knows how to take a watch to pieces and ESCAPEMENT separate cock. This 

clean it, and do the necessary repairs ; but he must i: fflTjurtTer'"* the watch a very 

not be exi>ected to make every part himself. Also, c. Tooth waiting to enter open appearance, and 
he can purchase his parts and finish them, }»ut them permits of the train of 

together and adjust them himself. In that last wheels being examined without taking the whole 

word the secret of his skill stands revealed. The watch to pieces ; in taking to pieces, each ootsk 

adjusting of a w'atch so that its depths and end must be removed separately. These watches, like 

shakos arc absolutely correct, its balance and levers, are driven oy a spring, enclosed in a 

esca|)ement working regularly, and its daily rate- barrel, the arbor of which is usually a Geneva 

even, is a faculty which only practical experience arbor with ratchet, though sometimes a plain 

can teach. No book can initiate one into that Geneva arbor. Their worhs are generally small, 

branch ; all that a book can do is to give the rough, and until the beginner has practised on a verge, 

practical directions for the manual work in setting he is not recommended to try his hand on a Swiss 
up a watch. watch with the horizontal escapement. 

Other Kinds of Watches. The two main Chronometers are special timepieces for ships, 
types of watches to be found on the English market and generally jmssess a fusee and chain, to equalise 
are the lever watches and the cylinder or horizontal any variation in the spring. They are extremely 

ones. Lever watches graatly resemble the clock wo delicate, and have to be kept in one position. The 

experimented upon. The lever notch is occasionally making and adjusting of these is a trade of its own, 

furnished, with jewelled sides, which engage in the and we need not consider it, for the chronometer 

pin on the balance staff by which the lever, turning maker has to be a first-class watchmaker before he 

on its fulcrum, is swung backwards and forwards, can learn the rudiments of his more soienti^ 

lifting the pallets in exactly the same way as in a calling. 

spring clock. They are driven by a spring coiled One last word of caution : books may teach you 
in a barrel, the edge of which forms the great wheel, how to do a job ; only practice will enable you to 
BO they have a wheel less than fusee watchet^They do it satisfactorily. 

Clocks and Watches covSmdedi followed by Scientifio Instruments 
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By HERBERT J. ALLPORT, M.A. 


1. Measurement of Angles. The way 

in which the magnitude of the angle AOB is 


which t£e revolving line has turned through 
less than four right angles, but in Trigonometry 
the revolving line may make any number of 
complete revolutions before coming to its final 
position. 

In the measurement of any sort of quantity 
we require a unit of the same kind as the thing 
measured : the 'tneas^ire of the quantity is the 
number of times which the thing measured con> 
tains the unit. For practical work the unit 
angle is the Right Angle, In theoretical investi- 
gations it is more convenient to use for unit the 
'angle subtended at the centre of a circle by an 
arc equal in length to the radius. It is, of 
course, necessary that the size of a unit should 
always be the same ; hence we shall have to 
prove that this angle at the centre of a circle is 
always the same size, whether the circle be large 
or smalf. 

The two systems of measurement are called, 
from the respective units employed — 

(a) Rectangular Measure ; (6) Circular 

Measure. 

2. Rectangular Measure. The right 
angle is a large angle, and therefore has to be 
subdivided. It is divided into 90 equal j)art8 
called degrees ; a degree is divided into 60 equal 
parts called minutes ; a minute is divided into 
60 equal parts called seconds. These are in- 
dicated, respectively, by the symbols °, ", so 

that an angle which contains 137 degrees 47 
minutes and 19 seconds would be written 
137° 47' 19". 

Note. Another method of subdivision, in 
which a right angle is divided into 100 grades^ 
a grade into 100 minutes^ a minute into 100 
seconds^ was suggested at the time of the 
French Revolution. This system, however, 
has never been adopted, because of the altera- 
tiens which would bo necessary in the records 
of geographical and astronomical observations. 

8. Circular Measure. The unit of circular 
measure is called the raduin, and is, as stated 
above, the angle subtended at the centre of any 
circle by an arc equal in length to the radius of 
the circle. 

In order to prove that 
I this angle is independent 
of the size of the circle we 
must first show that the 
ratio of the circumference 
to the diameter is the same for all circles.^ 

Draw any two circles, and let their radii be i j 
and rj*. Descrilie a regular polygon of n sides 
circle. Let AB be a side of one polygon. 



and PQ a side of the other. Then, if C and O 
be the centres of the circles, the angles AOB 

. 1 

right angles. But A s ABC, OPQ are isosceles ; 
therefore, since their vertical lb are equal, 
their remaining l s are equal. 

. ab^pq 

• • AC PO’ 

• ^ ‘ AB _ n . PQ , 

Now n . AB and n , PQ are the perimeters 
(t.c., sums of the sides) of the polygons, and by 
making n infinitely great these perimeters differ 
from the circumferences of the circles by an 
infinitely small quantity. Hence 
First Second 

Thus, the ratio of the 0“* radiuSy and 

therefore of the Q** diameter y is the same 

for all 08. This ratio is an incommensurable 
quantity [see page 1440], and is always denoted 
by the Greek letter v. Hence, in all circles. 

Circumference = irx Diameter, 

The numerical value of ir cannot be found 
exactly ; but by more advanced Trigonometry 
than we are dealing with at present its value 
can be found to any degree of approximation. 
To five decimal places th§ value is 3*14159. 
We know that 3f = 3*142857, so that if we use 
the value 3f for ir we shall be accurate to two 
decimal places, and this is generally sufficient 
for practical purposes. 

All Radians are Equal. Let PQR be a 

Q whose centre is O, and let the 
arc RP be equal in length to the 
radius. Note that it is not the 
^ chord RP which equals the radius. 

Now, it can be proved that the 
ratio of angles at the centre of 
a 0 is the same as the ratio of the arcs on 
which they stand. 

. ^ROP^ arcRP 

" LliOil irc RPQ 

__ radius _ 1 

Hemi-O'*® nr * w * 

. A radian 1 . 

t.e., - 



1 


’’ 2 right .18 

or, a radian == * ‘ of 2 right lb. 

Hence, a radian is always the same fraction 
of two right LBy and is therefore a constant 
angle. 

4. Unit of Moaourement. Wo have now 
shown that a radian is a constant angle, and so 
may be used as a unit for measuring other angles. 
The number of radians in an angle is the 



etreiilar tnionire of ilie an^o.. By Artade 8, 

Acadian => — of 180® 


180 ® 

314lt>9 


= 87-295...* 


Also, since a radian -• — of 2 right lb. 

T 

/. T radians *= 2 right i. s ; * 
the eh'euiar metmare of tyx> r^ht Lsu t. 
Note. Angles expressed in circular measure 
are usually denoted by Greek letteiu, such as 
a, /?, $, We then* speak of Vthe angle 
Really, it should be “the angle 0 ^xtdians,^' but 
the use of the Greek letter avoids all ambiguity. 
In the same way we speak of the “angle sixty ’* 
when we mean “sixty degrees.*^ Simijarly, 
“the angle A” always means “A degi^ees,'* 

5. Conwerttioa of One System to the 
Other. Any known fraction of two right z.8 
is easily expressed in circular measure. For, 
since 2 right Z- s = ir, 



Example. The angle eubteiided by ttie 
diameter of the sun at the obeetv^is eye 
32'. Find the sun’t diameto, apjoroximately, 
if the sun’s distance is 90 million miles. ; 

Let O he the observer’s eye, AB the diameter 
of the sun. Now, since the Z.AOB is very 

small, and the 
sun’s distance, 
OA, is very great, 
the diameter AB 
will be very small compared with OA. Hence, 
we may consider that AB is a very small portion 
of the circumference of a © whose centre is O 
and whose radius is 90 million miles. 

AB 

/, Circular measure of L AOB = ; 

Sun’s diameter . 

90 million miles 


=0**“ measure of 32' 


32 

«=©•*■ measure of gg degree 
32xt 


we have 


1 right L = — , 


60x180 


T’ 

60®= i of 2 right ^s= 

30®'= ^ ot 2 right 

o o 

In general, if D is the number of degrees in 
any angle, and B the number of radians in the 

same angle, then each of the fractions, and 

0 

— , denotes the ratio of the angle to two right 

IT 

angles. . D ^ ^ 

• • iso TT ‘ 

D = — X B, and B = x D. 

V loU 

Thus, to bring degrees to circular measure we 
while, to express circular 
180 


If an 


multiply by ; 
measure in degrees we multiply by 

71 

angle is given in degrees, minutes and seconds, 
it should be expressed as the decimal of a 
degree before being converted. 

the 

PQR 

f O. Let ROP be any angle at the 
centre. Make the arc KQ equal 
to the radius. Then L ROQ is a 
radian . Now, angles at the oontro 
are as the arcs on which they stand. 

L ROP arc 



t.e.. 


L. ROP arc RQP 


’’ a radian radius 

^ROP = X a radian, 

radius 

Thus, the circtdar measure of an angle 
centre of a eirde is the ra;tio of the arc oni 
it standsy to the radius. 


Continued 


=838,095 miles. 

7, Use of the Sigoe + and In 

Trigonometry, angles of any magnitude are 
» considered. Thus, starting from 
the position OR (called the initial 
line) the line OP revolv^ about 
o ^ the origin O, in either direction^ 

and may make any number of revolutions before 
coming to its final position. We have, there- 
fore, to make the following convention : 

(i.) When an angle ROP is described by OP 
turning in a direction contrary to the 
hands of a watch, the angle ROP is 
Msitive, Thus, if the revolving line 
had turned through three right angles, 
the angle ROP would be represented 
by + 270®. 

(ii.) When ROP is described by OP turning 
in the same direction as the hands of 
a watch, the angle ROP is negative. 
If OP had turned through a right 
angle, the L ROP would be - 90®. 

Again, in measuring a given length along a 
i: — from " *“ 


measured. Hence, if lines 
measured in one direction are 
r positive, lines in the opposite 
direction are called negative. 

In the case of the revolving 
line OP, the ^ 

tion, while the line turns, remains the same’— 
mz.y from O to P. We have, then, 

(i.) For lines parallel to the initial line OR, 
the positive direction is from 0 to R ; 
the negative direction from R to 0. 
(ii.) For lines perpendicular to the initial 
line, the positive direction is from 
O^ to B, and the negative from B to 0. 
(iii. ) The line OP is always positive. 
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FRENCH By Louis A. Barbe. B.A. 


VERBS 

Use of the Subjunctive— continued 

6. The verb must be in the subjunctive when it is 
preceded by a relative pronoun having for its ante- 
cedent a noun qualified hy a superlative, or by some 
word equivalent to a superlative, such as: h 
premier, the first ; le dernier, the last ; le aetil, the 
only : Le chien eat le aevl animal donl la fdUiU 
aoit d npreuve. The dog is the only animal whose 
fidelity can be relied on (lit. is proof). 

When the superlative is followed by an indirect 
object the verb is in the indicative : Le aoleil eat 
h jlua grand dea corpa que Von aperqoit dana le 
del, The sun is the largest of the oodies that we 
perceive in the heavens. 

• 6. After quel que {queUe que, quda que, qudlen que), 
whatever ; qui que, whosoever ; qmi que, whatso- 
ever, the subjunctive is required in the subordinate 
clause : Quel que aoit h mhite d'un homme, il ne 
pent Ichapper d Venvie, Whatever a man^s merit 
may be, he cannot escape envy. 

7. QveJjsue . . . que, and ai , , , que, 

meaning whatever, however, require the verb 
following them to be in the subjunctive : Quelque 
effort que faaaent lea hommes, leur niant parait 
partout. Whatever effort men may make, their 
nothinraess is everywhere apparent. 

8. When que is used to avoid the repetition of 
ai, the verb that follows it must bo in the sub- 
junctive: Si voua paaaez par eetie ville et que voua 
puiaaiez diapoaer d^une couple de jours, ne manquez 
paa de voua y arrHer, If you pass through that 
town, and if you can spare a couple of days, do 
not fail to make a stay there. 

9. The subjunctive is used (a) after conjunctions 
indicating time before which, or time up to which, 
as avant que, en attendant que, jyaqu'd ce que ; (6) 
after conjunctions indicating purpose or result, os 
afin que, pour que, de craxnte que, de peur que ; 

(c) after conjunctions implying a condition or sup- 
position, aa encaa que, au caa que, d moina que . . . ne, 
pourvu que, auppoai que ; {d) after conjunctions 
implying a cmicession, as quoique, hien que, encore 
que, aoit que . . . aoU que ; aoit que , . . ou que ; 
pour peu que, ai tant eat que ; and (e) after con- 
junctions involving a negation, as non que, non paa 
que, loin tme, aana que : 

(a) Je lui ai pay& ceite aomme avant qu'U partit, 
I paid him that amount before he left. 

(h) Ce livre eat toujoura aur le bureau, afin qu'on 
» puiaae le eonaulter. That book is always on the desk, 
BO that it may be consulted. 

(c) Pourvu qu'on aache la pasaion dominante de 
qu^u*un, on eat aaaur4. de lut plaire. Providing we 
£mow the master-passion of any one, we are sure 
to please him. 

(d) Quoi^'il aoit pauvre, U eat un honnHe homme. 
Although he is poor, he is an honest man. 

(e) Je dia cela, non que je veuille me plaindre, 
maia pour que voua aachtez ce qui a'eai paaai, I say 
this, not that I wish to complain, but that you may 
know what has taken place. 


10. The subjunctive occurs in elliptical sentences 
expressing a wish or a command; and, in such 
cases, the conjunction que is sometimes omitted : 
Que Dieu voua ait en aa aainte garde. May God have 
you in His holy keeping ; Vive le Roi / Long live 
the King ! 

11. The subjunctive is used idiomatically in the 
expression je ne aachc, followed by a negation, and 
que je aache, preceded by one : Je ne aadie rien 
Qui aoU plua digne de noire amour que la vertu, I 
know of nothing that is more worthy of our love 
than virtue ; Cette affaire ne le regarde nuUement, 
que je aache. This matter does not concern him in 
any way that I know of. 

Sequence of Tenses. 1. When the verb 
of the governing clause is in the present, whether 
indicative, subjunctive, or imperative, or in either 
of the future tenses of the indicative, the verb 
of the subordinate clause must be in the present 
subjunctive if it be intended to express an action 
or a state considered as either present or future in 
respect of the governing verb : 11 faut que je aorte 
mainUinant, I must go out now. 

2. When the verb of the governing clause is in 
the present, whether indicative, subjunctive, or 
imperative, or in the future indicative, the verb of 
the surbordinate clause must be in the perfect 
subjunctive if it be intended to express an action, 
or a state considered as past in respect of the 
governing verb : Je ne eroia pas que votia ayez fait 
tons voa efforts, I do not think you have done your 
utmost. 

3. When the verb of the governing clause is 
in any past tense of the indicative or subjunctive, 
or in either tense of the conditional, the verb of the 
subordinate clause must bo in the imperfect sub- 
junctive if it be intended to express an action or a 
state considered as either present or future in respect 
of the governing verb : Je voulaia qu'on retardat le 
dipart, I wished the departure to be delayed. 

4. When the verb of the governing clause is in 
any past tense of the indicative or of the sub- 
junctive, or in either tense of the conditional, the 
verb of the subordinate clause must be in the 
pluperfect subjunctive if it be intended to express 
an action or a state considered as past in respect 
of the governing verb : Je ne aavaia pas que voua 
m^euaaiez icrit, I did not know that you hod 
written to me. 

5. When the verb of the governing clause is in the 
past indefinite, the verb of the subordinate clause 
is frequently put in the past subjunctive instead of 
the pluperfect subjunctive : II a fallu qu'il ae aoit 
donni bien dea peinea, He must have given himself 
a great deal of trouble. 

«. A post indefinite in the governing clause 
may be followed by a present subjunctive in the 
subordinate clause to express an action or a state 
which is still present: Gcf auteur w’a employ^ 
aucune fiction qui ne aoit une image de la viriti. 
That author has used no fiction that is not an 
image of truth. 
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AgrMment of the PMt Fartfcifilo 

L The past paj^iciple, when net* accompanying 
IVO atailiary verb, is practically an adiective, ana 
agrees in gender and number with tne noun or 
pronoun to which it refers : Voy€Z-voti9 l^-has ces 
cdUineB emronnUa de bois sombres ? Do you see 
yonder those hills crowned with dark woods ? 

Exception : A certain number of past participles 
really become prepositions when they precede a 
substantive, ana are then invariable. The chief of 
them are : aUendu, considering ; vu, seeing ; 
exeepUf except ; y comprUt including ; ei^indus, 
enclosed ; Excepte vous d moi. Except you and me. 

These participles agree in the ordinary way 
when they come after the noun or, pronoun to which 
they refer : Votis et moi excepU^^ You and I excepted. 

2. When the post participle is accompanied by 
the verb Hre, to be, as is the case in all the tenses 
of passive verbs and in the compound tenses of 
some neuter or intransitive verbs, it always 
agrees in gender and number with the subject of 
the verb : La vertu obscure est aouvent mkprisic. 
Obscure virtue is often despised. 

3. When the past jiarticiple is used in connection 
with avoir, to have, to form the compound tenses 
of an active verb, it agrees in gender and number 
with the direct object of the verb, providing that 
direct object prec^es the verb : J'ai rcQu toutes 
les lettres qtie vous m'avez adressieSt I have received 
all the letters which you have addressed to me. 

In this example re/^u does not agree with the 
direct object, because that object — i.c., toutes les 
lettres — comes after it. Adressees, on the other 
hand, agrees with its direct object que, because 
that direct object precedes it. 

4. It follows from this rule that, as a neuter 
verb cannot have a direct object, its participle is 
always invariable : La justice et la moderation de 
nos ennemis nous ont plus nui que leur valeur. The 
justice and moderation of our enemies have done 
us more harm than their valour. In this example, 
the neuter verb nuire ( = to injure, to do harm) 
governs nous in the dative, or indirect object, 
^ere can, consequently, bo no agreement. 

5. Pronominal, or reflexive, verbs are conjugated 
in their com{K)und tenses with the help of Hre, to be. 
This auxiliary, however, is equivalent to awtr, to 
have ; and the rule for the agreement of the past 
participle is the same as in &e case of t^e past 
participle conjugated with avoir [see above, 3]; 
Ces biymmes se sont repentis, Those men have 
repented. In this sentence se is the direct object 
of the pronominal verb se repentir, to repent ; and 
consequently the past participle agrees with it. 

EUe s' est plu d me contredire. She delighted in 
contradicting me. In this example, the pronominal 
verb se plaire^ to delight in, is made from the 
intransitive verb plaire. The pronoun s’ ( = ae) 
is governed by it in the dative. Consequently 
there is no agreement. 

Nous nous sommes lavi les mains. We have washed 
our hands. Here the direct object of the pro< 
nominal verb sc laver is the noun mains ; and, as 
it does not precede the verb there is no agreement. 
On the other hand, the past participle agrees with 
the second mus in the following example, where it 
is the direct object : Nous nous sommes lavis, We 
have washed (ourselves). 

6. The past participle of an impersona^perb, 
or of a verb us^ im^rsonally, can never lEve a 
direct, object with which to agree : Les ehaleurs 
qu'il a fait pendant Vkik, The heat which was 
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experienced during the summer. .Here U a faU 
(= it has made) Is used impersonal^ and idio- 
matically to indicate existence ( = thei*e has been). 

7. The past participle ^ never , changes under 
any circunrstanoes, : La maison o iU bruUe, The 
house was burnt. Nous sommes ee que nous avons 
toujoiirs Hi, We are what we always have been. 

Special Caeea. !• When the past partio^ 
conjugated with -the auxiliary awtr and preceded 
by a direct object is followed by an infinitive* that 
past participle agrees with the object if it is the 
governing verb. It does not agree if the infinitive is 
the governingverb : Les dames que nous aeons enten- 
dues cAa»tcr,^e ladies whom we heard sing (singing). 
Here, the past participle agrees because it belongs to 
the verb governing^Qftee, whom. It is to be noted that 
in this case, the French infinitive chanter may be 
translated by the English present participle singing. 

Les airs que nous avons entendu chanter. The 
melodies which we heard sung. Here the past 
participle does not agree, because not it, but 
chanter is the verb governing gwe. It is to be 
noted that in this case the French infinitive is 
translated by the English past participle swng. 

The past participle fait does not come undCT this 
rule. vVhen immediately followed W an infinitive 
it always remains unchanged {fait ) ; femrne s' est 

ftresentee d la porte ; je Vat fait passer, A woman pre- 
sented herself at the door ; I made her pass in. 

2. It frequently happens that a governing in- 
finitive is understood after the past participles of 
devoir, vo^ir and pouvoir — i.e., dd, vovlu, pu. 
In that case the past participle does not agree 
with the preceding object : Je tui ai rendu tons les 
services que fai pu, I have rendered all tht services 
which I could (i.c., render him). 

3. A post participle preceded by the relative 
pronoun gt«c, and followed by the conjunction 
que, never agrees with the relative : Les lettres 
fai privu que vous recevriez. The letters which I 
foresaw you would receive. 

4. The pasC participle does not agree with en, 
some, any : II a acketi plus de livres qu*il n'en a 
lu. Ho has bought more books than he has read. 

The past {larticiple preceded by en may, how- 
ever, agree with some other word also preceding 
it ; J'ai reconnu la maison d'apris la description que 
vous m'en avez faite, I recognised the house from the 
description you gave me of it. 

5. After U peuWie past participle remains un- 
changed if le peu is equivalent to ** the want of**: Le 
peu (f affection que vous lui avez Umoigni Vadicouragi, 
The little affection you showed him discouraged him. 

If, on the contrary, le peu represents a positive 
quantity, a certain amount, the past participle 
agrees with the complement of le peu — i e., the noun 
coming after it ; Le peu df affection que vous lui 
avez iemoignie Va eneouragi, The little affection 
you showed him eneouragi him. 

ADVERBS 

Negation. 1. Negation is usually expressed 
by ne and pas, or point {which, is rather stronger than 
pas). Ce n'est pas moi qui vous Vai dit. It is not 1 
who told you. 

2. The second part of the negation is omitted 
after savoir, used with the meaning of pouvoir, 
to be alfie: Je ne saurais en venir d bout, I cannot 
manage it. In this eonstruotion the present con- 
ditional of savoir is used instead of the xuresent 
indicative of pouvoir. 

3. When savoir has its ordinary meaning of /* to 

know*’ it requires pas when used ne^tiyely : Jl 
ne suit pas le frangais, He does not.kppwP 



4. Wtoi i Verb' uied negaUyely Is followed by 
a negative retiftWe claniee, that relative olauee takes 
ae onl^ : II n'y a perwnne qui ne k rcspeck, 
llicse is no 6ne but lespeofe hhn. 

5. When the negation is expressed by any word 
but ** not,” such as “ never,” ” nobody,” nothing,” 
etc.f ne is van^ but pas must be omitted : Je ae 
doU fien, I owe nothing. 

6. In negations the order of the words is usually: 
first, ne ; second, verb ; third, second part of the 
negative expression. But when ” nobody” or 
“ nothing ” is the subject of the sentence, per- 
sonne, or r»c», must precede ne : Periionne rCa twifn 
M parfer, Nobody would speak to him. 

7. ” Neither — nor ” must be expressed by ne — 
ni ; EUt iCa ni frhe ni aceur^ She has neither brother 
nor sister. 

8. Several negative expressions may occur in 
the same sentence, in which case ne is used only 
once : Peramne ne m'a jamais rien dit, Nobody has 
ever said anything to me. 

9. Ne is used alone and without any negative 
meaning : (a) After verbs and other expressions 
indicating fear : Je eraina qw vom ne perdiez votre 
aryentt ilear you will lose your money. (6) After 
que^ ” than, in comparisons of superiority or 
inferiority having a verb for their second term : 
H^oua krivez mieux que vous ne pariezy You write 
better than you speak, (c) After d mains que, 
“ unless ” : JHrai me promener, d moina qu'il ne 
fosse mauvais temps, I shall go for a walk unless it 
is l^ weather. 

Sp^ial Remarks. 1 . Auparavant and avant 
Iwth mean ” before ” (of time) ; but auparavant 
being adverb has no complement, whilst avant, 
whicn is a preposition, requires one: Nous lui 
aviona d^jd quelqms moia auparavant. We had 
already written to him a few months before ; Je 
k verrai avant votis, I shall see him before you. 

2. Davantage and plus both mean ” more,” but 
davantage must not bo followed by que nor by de. 
It therefore stands only at the end of a sentence ; 
Votui avez de f argent, maia il en a davantage. 
You have money, but he has more. 

3. Deaaus, ” on, over ” ; desauua, ” under, under- 
neath”; d^ns, “within, in”; deho/ra, “without, 
out,” which are adverbs and take no complement, 
ore to be carefully distinguished from the corre- 
sponding prepositions sur, sous, dans, hors, which 
require complements. These adverbs are fre- 
quently used instead of a proposition and a pronoun 
referring to an inanimate object : Nous ouvrimea 
la boite, maia il n'y avail rien dedans. We opened 
the box, but there was nothing in it. 

4. Plus tdt and plut6t both mean “ sooner,” but 
plus tdt refers to priority of time, whilst pfafof indi- 
cates preference : Il eat revenu plus tdt que je ne 
eroyaia, He has come back sooner than I thought ; 
Donnez-noue la mart plutdt que Veadavage, Oive 
us death rather than slavery. 

5. Au moina and du moina both mean “ at least, 
but au moina indicates a minimum, whilst du mains 
corrects or limits a former statement : Ce voy^e 
voua eodtefa au moina mJle franca, du moina c eat 
ee qu*il m^a co'd-k VanrUe demUre, That journey 
win cost you at least forty pounds —at least, that is 
what it cost me last year. 

PREPOSITIONS 

1. Prepositions, With the single exception of en, 
require verbs that follow them to be in the infinitive. 
After en the verb must be in the present pwticiple ; 
En voyant son pdre il ae mil d pkurer. On seeing 
hk in&t he hef^ weeping. 


2. The preposHions d, de, atiden must be repeated 
before each complement: Ildut la vied la dimence 
d d la magnanimite du vainqueur, He owed his 
life to the clemency and the magnanimity of the 
victor. 

3. Other prepositions are usually repeated when 
the complements are opposed to each other in 
meaning: Dana la ville et dans la compagne, in 
town and country. 

4. The prepositions juaque, as far as; aUenanl, 
adjoining ; par rapport, with regard to ; quant, as 
to, require the preposition d after them : Il nous a 
aceompagnis jusqu d Londres, He accompanied us 
as far as London. 

But when juaque is construed with od, ki. Id, dans, 
and chez it does not take d as well : Il nous a 
accompagnk juaque chez nous. He accompanied us 
as far as our house. 

5. The preiKMsition de is required after auprk, near; 
autour, around ; loin, far ; pris, neex ; and proche, 
close, as well as after prepositional phrases, including 
a noun, as d force, by dint : Ik demeurent prea de 
Valise, They live near the church. 

(j. Avant (before) requires no preposition before a 
noun or pronoun, but takes de uefore a verb : 
V iendrtz-vous nous voir avant de partir f Will 
you come and see us before leaving ? 

7. When helping to form compound words, the 
preposition d conveys the idea of fitness, agency, 
peculiarity : U n bateau d vapeur, a steamboat. 

8. The preposition de is joined to a noun of 
material to form a qualifying phrase : Un chapeau 
de patUe, a straw hat 

9. The preposition de is used after plus and 
mains to express “than” before a numeral: Vous 
avez plus de dix favies, You have more than ten 
mistakes. 

10. The pre{>osition de is used before plus and 
moins to express “ more ” and “ less,” when those 
words follow a numeral with a noun expressed or 
understood : Vous-avez douze fautes \ il en a deux 
de moina. You have twelve mistakes; he has two 
less. 

1 1. The preposition de is used for “ by ” in 
expressions inaioating excess or difference : Voua 
le d^pasaez de toute la Kte, You are taller than 
he (exceed him) by a whole head. 

12. The preposition de is used for “ with ” after 

verbs and adjectives expressing plenty, want, pro- 
viding, depriving, etc. : 11 a' kail rempli lea poches 

de petita cailloux, He had filled his pocket with 
little pebbles. 

13. When a cardinal number is preceded by en. 
the adjective or past participle that follows that 
numeral usually takes de : Sur cent habitants, il y 
en a deux de riches, Out of a hundred inhabitants 
there are two rich. 

14. When the verb “to bo” has an infinitive 
coming after it for its logical subject that infinitive 
takes 3c or que de before it : tyeat mal de (or que 
de) parkr comme eda. It is wrong to speak so. 

15. An infinitive following “ than ” takes de be- 
fore it: Il mourrait plutdt que de traJUr aa patrie. 
He would die rather than betray his country. 

16. When a noun or an adjective used substan- 
tively serves as an epithet to qualify another noun, 
de, meaning “of a,” is put before the qualified noun: 
Undr^kiTtndividu, a queer fellow, 

17. The essential difference between en and dans 
is that en is only exceptionally used with the definite 
article k, la, lea, whilst dana always requi^ it. 
Consequently nouns following en have usuaUy an 
indeterminate meaning ; On V a mene cn- p rtao f^ 
He has been taken to prison; On lui a permta 



^ent/rer dans la prison. He was allowed to enter 
the prison. 

IB. En frequently means ** in the oharaotor 
of,” “ like ” : Vous parlez en soliat; je dois agir 
en rot, You speak as a soldier ; I must act as 
a king. 

19. In expressions of time there is a great differ- 
ence between en and dans, En indicates “time, 
how long,” whilst dans indicates “ point of time 
when ” : Je feral cet ouvrage en deux jours, 1 shall 
take two days to do that work ; Je feral ce IravaU 
dans deux jours, 1 shall begin doing that work two 
days from now. 

20. En is used in connection with all the seasons 
except spring, which takes au : II fait moins ehaud 
au prinkmps qu' en ite, It is less warm in spring 
than in summer. 

21. A travers and au travers both mean “ through,” 
but d travers means “ through ” in the sense of 
“ across ” ; whilst au travers, which is always fol- 
lowed by de, rather means “right through,” and 
implies a greater effort : Nous cotirdmes d travers Its 
champs. We ran through the fields ; II se fraya un 
passage au travers de la hale, He forced his way 
through the hedge. 

22. Vers and envers both mean “ towards ” ; 
but vers refers to direction, whilst envers is used 
figuratively, in connection with feeling, sentiment, 
etc. : Le premier moment de la vie est le premier pas 
vers la mort, The first moment of life is the first step 
towards death ; II s' est montr^ ingrat envers ses Hen- 
failettrs^ He showed himself ungrateful towards his 
benefactors. 

CONJUNCTIONS 

1. The conjunction ni, “ neither,” may be either 
used or omitted before the first of several 
subjects : Le soleil ni la mort ne se peuvent regarder 
fixement, Neither the sun nor death can bo 
steadfastly gazed at ; Ni Vor ni la grandeur ne 
nous rendent heureux, Neither gold nor greatness 
makes us happy. 

2. The conjunction ni may be used to avoid the 
repetition of sans, “without”; Sans crainte ni 
pudeur, or sans crainte et sans pudeur, without 
foar or shame. 

3. The English expressions “ nor . . . either” 

“ not . . . either,” are to be translated by ni 
. . . 7ion plus, ne . . . pas non plus : Je 

ne le connais pas, ni elle non plus, 1 do not 
know him nor her either ; Jene lui ecris pas, et U 
ne m'icrit pas non plus, I do not write to him, and 
he does not write to me either. 

4. The expression “ either . . . or ” may be 
expressed either by using on before each term, or 
omitting it before the first : Le del rC est ouvert on 
qu'aux innocents ou qu'aux pmitents. Heaven is 
open either to the innocent only, or the penitent 
only ; Le bonheur ou la Umlriti ont pu fairt des 
hhos. Either good fortune or rashness may have 
produced heroes. 

5. Soil and soil que both mean “ whether,” but soil 
precedes a noun, whilst soil que is followed by a verb. 
Both of them may be repeated before each term, 
or replaced by ou or ou que before the second : La 
fortune, soil bonne ou mauvaise, soil passagire 
ou constants, ne peu4 rien sur Vdme du sage, Fortune, 
whether good or bad, whether fleeting or constant, 
has no power on the soul of the wise man. 


6. The conjunction que may be used to prevent 
the repetition of either eomme, as ; qutmd, when ; or^ 
si, if. When replacing the last of these, it requires 
the verb that follows it to be in the subjunctive : 
Comme nous Vavons dijd dit et que nous le verrons 
plus dairtment aUleurs, As we have already said, 
and as we shall see more clearly elsewhere ; Quand 
on est jeune et qu'on se porte bien on devrait aimer les 
exercices du corps, When we are young, and are in 
good health we ought to like bodily exercise ; 8i 
vous le rencontrez et que vous lui parliez, faitesJui 
mes amities. If you meet him and speak to him, 
give him m}' kind regards. 

7. Que may be used instead of afin que, in order 
that ; sans aue, but that ; lorsque, when ; depuis 
que, since ; ae peur que, lest ; and avant que, until : 
4pprochez que je vous park. Draw near, that I 
may speak to you : Je n'irai pas me coucher que 
ma besogne ne soil finie, 1 shall not go to bed until 
my task is ready. 

8. When, however, que takes the place of a 
conjunction which does not itself require the 
subjunctive (except the conjunction si), it is not 
followed by the subjunctive: Jele feral quand je 
serai revenu et que j'aurai le temps, I shall do it 
when I have returned and have the time. 

Translation 

Bonnes Resolutions ’ 

Si je me l^ve tard et que je traine tout le jour, 
je commenoerai k peine mon ouvrage k la nuit; 
mais je mo coucherai tot, jo me leverai tot, et 
j’obtiendrai par ce moyen, sante, riohesse et sagesse. 
Je m’cfforcerai d’etre laborieux, afin que ie n’aie 
jamais k craindre la disette (want). II r^est pas 
n^cessaire que je trouve un tr^sor, ni qu’il m’ arrive 
un riche heritage ; mon activity me suffira. Je 
travaillerai d^s aujomd’hui, car je ne sais pas si 
je n’en serai pas emp^he demain. Je rougirai 
do ne rien faire, alors que j’ai tant ^faire pour moi- 
meme, pour ma famille, pour mon pays. Je pren- 
drai mes outils sans mitaines et je mo souviendrai 
que chat gante ne prend pas de souris. Peut-^tre 
me B^ntirai-je parfois le bras trop faible ; mais je 
tiendrai ferme et je triomj)herai de tous les obstacles. 
J’emploierai bien mon temps, parce que je veux 
gagner du loisir et comme je ne suis pas sfir d’une 
minute, je ne perdrai pas une heure. 

Key to Translation 
Good Resolutions 

If I get up late and dawdle (drag) all day, I shall 
hardly begin my work at night; but, I shall 
go to bed early, I shall get up early, and I shall 
obtain by that means health, wealth, and wisdom, 
I shall strive to be industrious, so that I m^ never 
have to fear want. It is not necessary that I should 
find a treasure, nor that a rich legacy should come 
to me ; my activity will suffioo me. I shall work 
from this very day, for I do not know whether t 
shall not be prevented from (doing) it to-morrow. 
I shall blush to do nothing when I have so much to 
do for myself, for my family, for my country. I 
shall take up my tools without mittens, and 1 shall 
remember tlUt a gloved cat catches no mice. Per- 
baw I shall sometimes feel my arm too weak ; but 
I shall hold fast, and 1 shall triumph over all ob* 
Stacies. I shall make good use of my time, because 
1 wish to win leisure, and as I am not sore ol a 
minute I shall not lose an hour. 


; condudfd 
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COMM ERCIAL CORRESPONDENCE 

In Spanish commeroial letters the name and 
address of the recipient is placed at the head of the 
lett». The usual beginning is “ MuV Seftor mio,” 
Muivalent to “Sir,” or “Dear or “Muy 

Seftores mios,” equivalent to “Dear Sirs” or 
“ Qendemen." If the letter is written in the plural, 
as from a firm, not from an individual, the beginning 
is “Muy Seftor nuestro,” or “Muy Seftores 
nuestroe.” 

The closing phrases of elaborate politeness have 
become, as in ordinary correspon^nce, a mere 
matter of form, and are nearly always abbreviated 
to the initial letters of each word. Examples : 

“ 8u seguro servidor gue au mano 6c«i,” abbrevi- 
ated to S.S. q. s. m. b., equivalent to “ Your 
obedient servant.” 

Somoa de V* aientoa aeguros aervidorea que 
au mano ftesa,” abbreviated to at. S.S. q. s. m. b., 
equivalent to “ We are yours faithfully.” 

The abbreviations need not necessarily be capitals. 
The q. s. m. b. (who kisses your hand) is sometimes 
placed after the signature. Many abbreviations 
are allowable, as may be seen in the following 
letters. 

Commercial Vocabulary 

[For other terms see Commeroial Phraseolc^ 
aad Vocabulary, pages 5515-6.] 

Account, cuenta 
On account, d cuenta 
Ad^oe, aviao 
Address, aeiim 

Advertisement, amincio, auiao 
Agreement, ccwecntb, corUraJh 
Allowance, abono, compena(tcion 
Assets, activo, Ixiianee 
Audit, balance dc cnentaa 

Balance, balance, soldo 

Bank post bills, giros al yortador 

Bank rate, ta^a del banco 

Bill of lading, comcimiento de embarque 

Bill of exchange, Ictra de cambio 

Bill broker, corredor de camhios 

To draw a bill, girar una letra 

Brokerage, correiage 

Buyer, comprador 

Bankrupt, inaolvente, quebrado 

Cash account, cuenta de caja 

Chartered accountant, perito mercantil 

Qearanoe, deapacho 

Customs tariff, arancU aduanero 

Demand draft, letra d la vista 

Demurrage, estadias 

Discount, descuento 

Dock dues, derechos de dique 

Dry goods, generos de paHo 

De^it (payment on account), senal 

Endorsement, endoso 

Estimate, presupuesto 

Excise, sisa 

Failure, quiebra 

Firm, razon socialf casa 

Goodwill, traspaso {de tienda 6 parroquianos) 


Leakage, fnermd 
Liabilities, pasivo 


Lighterage, gabarraje 

Limited liability company, sociedad aarndnima 
Mail, correo, mala 
Market price, precio dd mercado 
Money order, giro mutno 
PajHir currency, papel moneda 
Power of attorney, poder 
Quotation, cotizacion 
Receipt, recibo 
Retail, venta al pormtnor 
Security, seguridad, garantia 
Shareholders, accionistas 
Sinking funds, fondos de amortizacion 
Standard, tipo 
Stock-jobber, ^ioiador 
Stock-taking, inventnrio 
Voucher, comprobante 
Tender, oferta 
Trustee, administrador 

Underwriter, undersigned, asegurador, infra- 
scrito 

Wholesale, venta al por mayor 
The following abbreviations are constantly used : 
d/c, d cuenta^ on account 
d//, d favor, favour of 
d/v, d la vista, at sight 
eje, cuenta cofriente., account current 
djf, dias fecha, day’s date 
afv, dias msta, day’s sight 
fha., fecha, date 
m/e, mi cuenta, my account 
ppdo,, proximo pasado, last month 
Rs., reaUs, re«\l8 (Spanish coin) 
sjc, su cuenta, your account 
8, E, U. 0., salvo error u omision, errors or 
omissions excepted 

Commercial Letters 

Circular. London, Circular. Londres, 

1 December, 1905. 1 Diciembre, 1905. 

Messrs. A.B.C. Sros. A.B.C. 

Gentlemen, Muy sres mios, 

1 have the pleasure of Tengo el gusto de par- 
informing you that I ticipar a Vds que con 
have this day started esta fecha y bajo la 
business as a commission razon social de “ John 
and consignment agent Brown,” he estableoido 
under the style and title en esta ciudad una 
of ” John Brown.” casa de comisionos y 

oonsignacioncs. 

An adequate capital, Un capital adccuado y 
and wide experience in una larga experiencia en 
buying and selling articles la compra y venta de orti- 
in demand here, and those culos que se consumen en 
exported hence, enable esa y de todos los que de 
me to offer you such ahi se exportan, me 
goods upon the most ad- colocan en posicion de 
vantageous terms ob*- ofrecer a Vd todas las 
tainable, and encourage ventajas obtenibles en 
me to hope for the favour estos mercados y me 
of your esteemed orders, hace esperanzar quo se 
dignaran Vds favore- 
Kindly note my signa- oerme con bus ordenes. 
tui'e at the foot hereof. Suidioo A Vds se sir- 


John Beown. 



uMiKiuAam-«rANiaH 


Seville. ^viUa, 

' 10 December. 1905. 10 Dioiembre. 1905. 

Se5<»r Don John Brown, Seftor Don John Brown, 
London. Londree. 

Dear Sir, Muy Sor nuestro : 

We are in receipt of the Hemos recibido la oir» 
circular dated the let cular que oonfeoha 1*^ del 
inet. which you kindly actual ee ha eervido Vd 
sent us. dirigimos. 

Although at present Aunque nuestros ne- 
our businoes with Eng- gocios con Inglaterra no 
land is not very extensive, son hoy de grande im- 
we shall be pleased to portancia, nos sera grato 
enter into relations with entrar en relaoiones con 
the firm you have just la oasa que aoaba Vd 
established and as a be- de estabfccer y como 
ginning request you to primera operacion, le sup- 
buy on our account and licamos compre por 
send by the first steamer nuestra ouenta y nos 
bound for this place : remita en el primer vapor 

que saiga con este destino: 
20 bags of Ceylon cin- ^ churlas canela Ceilan, 
namon, 20 saoos pimienta, y 

20 bags of pepper, and 10 saoos clavillos de Zan- 
10 bags of Zanzibar cloves, zibar, 

all upon the most ad- cuya compra se servira 
vantageouB terms as to efeotuar en los mejores 
price and quality. condiciones en cuanto 

a precios y calidad. 

For the amount of the Por el importe de la 
invoice we authorise you factura, le autorizamos 
to draw on us at three a girar a nuostro cargo 
months* date, with the y a3 meses fecha, en la 
assurance that we shall seguridad de nuestra 
honour same on presen- buena acogida a su pre- 
tation. sontacion. 

We rema in, Quedamos de Vd atto0. 

Your obedient servants, S.S. q.s.m.b. 

A.B.C. A.B.C. 

London, Londres, 

28 December, 1905. 28 Diciembre, 1905. 

Messrs. A.B.C., Sres A.B.C., 

Seville, Sevilla. 

Gentlemen, Muy Sres mios ; 

I have duly received En su dia fui favore- 
your esteemed favour of cido por su apb'* del 
the 10th inst. containing 10 del actual en la que 
your order for — se sfrvi^ron Vds pedirme 

20 bags of Ceylon cin- 20 churlas canela Ceilan 
anmon 20 sacos pimienta, y 

20 bags of pepper, and 10 sacos clavillos de Zan- 
10 bags of Zanzibar zibar, 

cloves, doy a Vds las mas 

and I beg to thank you expresivas gracias por 
for this first order and este primer pedido y me 
to inform you that I es nato participarles que 
have effect^ the pur- habiendo elootuado la 
chase and shipped the compra he logrado em- 
said goods per steamer barcar dichos eiectos en el 
“ Velasquez,*’ which left vapor “ Velazquez ** que 
yesterday for Seville. sand aver para Sevilla. 

I enclose the bill of lad- Incfuyo el conoci- 
ing, certificate of origin, mientode embarque, cer- 
and the invoice, which tifioado de origen, y fao- 
a mounts to £. tura correspondiente quo 

asciende a £. 

In accordance with De acuerdo con su 
your instructions* I have autorizaoion he girado 
to-day drawn for said con este feoha k car g o .de 
amount on your good Vds y orden prop^|Por 


selves to my own order, la citada suma ouyo 
which draft &indly honour giro supliCo a Jl^ds* se 
on presentation. sirvan nbnrar pre- 

sentaoion. 

1 sincerely hope that Mucho oelebrerd qus 
you will find the result queden Vds satisfeohoe 
of this first transaction del resultado de esta 
satisfactory, and that primera operacion y 
you will continue to que continuen favore 
favour me with further ciendome con sus nuevos 
orders. pedidos. 

I remam Me repito do Vd at. 

Your obedient servant, S.S. q.s.m.b. 

John Brown. John Brown. 

Malaga, 190 . Mal^a, 190 • 

Mr. John Brown, Sor Don John Brown, 

London. Londres. 

Dear Sir, Muy sor mio, 

Our mutual friends, Nuestros miituos amigos 
Messrs. A.B.C., of Seville, los Sres A.B.C, de Sevilla, 
have kindly given me han tenido la amabilidad 
the name of your es- de facilitarmo el nombre 
teemed firm. " 1 have de su respetable oasa. 
been for some time Desde haoe algun tiempo 
interested in developing me ocupo d© trabajar y 
certain mines of limonite desarroflar unas minas de 
iron ore of excellent hierro limonete de ex- 
quality which I {XMsoss celente calidad que posed 
in this province, and as cn esta provinoia, y 
I shall shortly be able to como dentro de poco 
dispose of 4,000 tons a tiempo podr^ dis^ner 
month, I wish to arrange de unas 4,000 toneladas 
with some well-known mensuales, desearia en- 
firm in England to con- tenderme con yna casa 
tract with the leading de conooidareputacionen 
founders of that country esa para liaoer contratos 
for the aforesaid quantity con los fundidores mas 
of mineral. importantes de cse pais 

S or la referida cantidad 
e mineral. 

ity of my mineral "may Para qiie en esa puedan 
be appreciated there, I apreciar la calidad do 
have sent 2 cwt. i)er mi mineral, por el vapor 
“ Pelayo,’* which has just “ Pelayo *’ que acaba de 
left for London, which zarpar para Londres, le 
I consider a sufficient remito 2 quintales cuya 
quantity to enable you cantidad considero sea 
to form an opinion of its suficiente para quo pueda 
good quality. Vd formar juicio do lo 

bueno del mineral. 

There is no objection No hay inoonveniente 
to your having the sam- en que por mi cuenta 
nles I am sending ana- haga Vd analizar las 
tysed at my exj^nse, as muestras que hoy le 
I am sure that the lesult mando en la seguridad 
will be the same as that que el resultado habri 
obtained here. de ser fgual al obtenido 

en esta. 

The commission I am La comision que estov 
disposed to offer you is dispuestoiconomer dVd, 
3d. (threepence) per es de 3d (tree penfques) 
ton, upon the express j^r tonelada con la oon- 
condition that all bene- dicion expresa que todas 
fits accruing from the las ventajas que se obten- 
oharter parties shall be gan en los contratos de 
for my account. netamentos serin para mi. 

Hoping to hear from Aguardando reoibir 
you on this matter short- pronto bus notioias sobre 
ly» este particular, me es 

I beg to remain, grato ofreoerme de Vd 
Yours, ko, at S.S. q.s.m.b. 


Continued 
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ESPERANTO 


By Harald Clegg 


Verbs (Impermthre Mood) 

The IMPSEATIVB Mood of the 
rerb is fonned by adding u 
to ihe root word. 

Examples: Ee$tu He, htj 
mtn, Stay there and 
listen to me ; Mi moriu at tio 
edua vara, May I die if ^at be 
true ; Vtnu unu, venu 
mi tUnaa nenitin, Come one, come 
all, I fear nobody. 

In addressing the second person 
(m, ct), the pronoun, as in £ng> 
lish, is generally omitted, but it 
may be inserted if preferred : 
Vi forirUf Go (you) away. 

It may often be found necessary 
to use this mood in a subordinate 
sentence subjoined to the main 
sentence by the conjunction ke, 
but care must be taken to show 
clear distinction in making choice 
^between this mood, which Wi only 
reference to purpose or end to he 
(Utainedf and one of the tenses. 

The verbs which may lead to the 
use of the imperative in a subordi 
nate sentence are: Deziri, peii, 
volit ordoni (to order), meriti (to 
merit), atsii neceee, kansetUi, per- 
tnesit hezonif malpermesi, and any 
others which, in a similar degree, 
possess a certain imperative sense 
or intention. 


Suffixeti 

EG denotes enlargement or 
intensity of degree. 

Examples ; Qranda, great ; 
immense ; krii, to cry ; 
Megi, to yell. 

AR denotes a collection of 
objects. 

Examples: Homo, man; la 
homaro, ** humanity ; hovo, ox ; 
bovaro, herd of oxen. 

AN denotes a partisan, mem> 
ber or inhabitant. 

Example VUa^, village ; 
vUa^ano, villager ; hc^ego, court ; 
hortegano, courtier. 

ER denotes one object of a 
collection : 

Examples : Mono, money ; 
monero, coin ; ahio, water ; 
dkvtro, drop of water. 

Vocabulary 

avar\ covetous, konfid\ confide, 
avaricious trust 

hord\ shore, honfuz\ confuse 

bank konaerv\ pre- 

branr', branch serve 

cerk\ coffin korp', body 

dolor\ pain, kr€t\ chaiK 

ache krim\ crime 

domo^', pity (s.) iron', crown 

dwngr', hire (ser- entice 
vant, etc.) martl', march. 


miserabTe miser causes me much 
pain. Receive- sir, my most hearty 
thanks. Look at that swarm of 
insects. Let there be peace in the 
world and everlasting goodwill in 
men's hearts. So be it! Twelve 
years ago I founded this group, 
and now the membership numbers 
three hundred and fifteen. .Good, 
my friend, 1 congratulate you! 
May you always succeed as for- 
merly ! How sweet those flowers 
smell ! A spark may cause a great 
Are. Although I do not actually 
know anything bad about that 
person, I nevertheless distrust him, 
but prefer to preserve my own 
opinion about him for the present. 
Here is. a club member who collects 
coins. It is necessary for you to 
learn by heart the whole collection 
of roots in these vocabularies. The 
fly crawled over the goat’s body. 
Collect the pins and pack them 
in the little box. 

Key to Exercise XIII. 

The rich man eats and lives well* 
but the poor man merely exists* 
Step by step men always go for- 
ward, in spite of everything which 
stands against them. The cripple 
wanted to swim across the lake, 
but in the middle he perished, and 
went to the bottom. At my desire, 
my uncle- in-law lent me the chest, 
and all the articles which it con- 
tained, except the silver 


presHiuii leauH up to uiv tut?* oi 

something being necessary or * stag©, 

wanted. story 

It will be convenient if a few avoid 
examples are given to show how f(dc\ mow, cut 
selection between this mood and fel\ hide, fleece 
a tense is arrived at in subordinate fer\ iron 
sentences: fond', start, 

Vi merUas, ke oni vergu vin, found 
Translated, this means, “ You 

” — “ v-" ' - ’ -- 

deserve 


odor', odour, 
smell 
pak', pack 
pentr', paint 
pd', beg, ask for 
pi^l\ pin 
plafon', ceiling 
plank', floor 
penU', bridge 


rapidly flew past the river. Do 
you recollect the date when, h^- 
pily, peace at last occurred ? We 
ought to bless and imitate the good 
man. He nailed the lid on the 
box before he put the cups in. 
The shortsighted one grumbled 
with me because I wrote very small 
figures. One should honour and 
obey one’s father and mother. I 


tune ; were is siiiipiy an exiiiui- 
tion of the purpose contained in 
the verb meritas. But let us sup- 
pose that when the words are 
being spoken the whipping has 
taken place, is taking place, or will 
take plaoe, then the imperative (or 
ordona) mood has no reference to 
the circumstances, and must be 
replaced by the tenses as follows : 

Fi mmtaa, kt oni vergis vin, 
(literally) You deserve that you 
have been whipped ; Vi merttaa, 
kt oni vergaa vin, (literally) 
You deserve that you are being 
whipped; Vi meritaa, ke oni 
tfttgoa vin, (litercdly) You deserve 
that you are going to be whipped. 


/lor', chorus 

inaekt', insect ramp', crawl 

kapr', goat rekt', straight 

karh', coal ricev', receive 

kdekt', collect 

Exercise XV. 

Allow me to pass, I beg ! What 
a pity that you did not capture 
the criminal ! Let all good citi- 
xens meet me here to-morrow in 
order that we may toother carry 
our request to the king. Largo 
drops of water began to fall from 
the oefling. Go straight until you 
reach the forest, and be careful to 
avoid all roa^ which conduct left 
and right. The thought of that 


began to groa 
exactly how i 
}K)ckct. Mon evenoBtu 
one against the other, 
the strong survive. What is the 
difference between this article and 
that ? There is none. He had 
already quitted the town before X 
jived there. While 1 was feedmg 
the pigs the poor man passed by 
and attentively watched them. 
Instead of speaking, she stood 
there with pale Ups as though 
dumb. Whether I will allow that^ 
depends on his pecise desire, but 
in the meanwhile you must work 
diligently and have patience. 



Kby tq Exbrcisb XIV. 

1. Id iriB en sian kontoron, kaj 
skribis sian nomon sur la kam- 
bion. Si ripetiB sian rakonton al 
la kompata princino, kiu pro- 
mesis zoi^gi pri i§ia infano. Kia 
estas lia metio ? Sur tiu granda 
kverko estas nesteto, kies en- 
havon vi oerte datus ^li. Lau 
mia opinio, vi devus tuj respondi 
al la plej gravaj punktoj de lia 
letero. Kiom Suldas al vi lia 
filo ? La rogimento mardis sur 
la maroon, kaj preskau ciuj 


soldatoj pereis. 6u la nova 
membrino i^tas kremon aii 
lakton en sia teo ? Tre malzorge 
li renversis la korbon, kiu estis 
plena je piroj. Kiu estas tie ? 

2. What beautiful lace ! As 
you behaved so shamefully to-day 
you will not have the reward 
which I promised to you. The bee 
flies humming over the fields. The 
habits of these people are very 
shameful. What is your opinion 
as to my attempt ? At early mom 
the dew lies on the petals of the 
roses. He pressed my hand, sadly 

Continued 


said “ Good-bye!** and disappeared 
from my sight for ever. lE^hind the 
curtains the prince, widMdl his 
diamonds, hid himself. In those 
circumstances I much regret that 
I shall not be able to buy your 
steel. They then commenced to 
speak very loudly and airily; 
later, they menaced me andfgave 
me a push, and finaUy they 
attempted to throw me out of 
the room. The hare runs very 
fast, especially when a wolf is 
behind. How majestic is that 
great fir ! 


n IT IT MJt Continued from 

SECTION I. VERBS 

There are three Voices in Greek — Active, 
Middle, and Passive. The middle voice is 
primarily reflexive and represents the subject 
as acting upon himself or for his own benefit, 
or in some manner which concerns himself. 
Sometimes, however, there is no difference of 
meaning between the middle and the active. 
The passive is conjugated like the middle, 
except in two tenses, future and aorist. 

The Moods are five — Indicative, Subjunctive, 
Optative, Imperative, and Infinitive (with Par- 
ticiples). These are used much as in English 
or in Latin, with the exception of the optative, 
the use of which will be explained later. 

The Tenses are seven — Present, Imx)erfect, 
Perfect, Pluperfect, Aorist, Future, and Future 
Perfect. Of these the imperfect and pluper- 
fect are found only in the indicative, and the 
future and future perfect are wanting in the 
subjunctive and imperative. 

Many verbs have a second or strong aorist (all 
voices), and a second or strong perfect (active), 
w'hile some have a second future in the passive. 
Very few verbs have both forms in any tense, 
and when this does occur the two forms 
generally differ in meaning. 

The Numbers are three — Singular, Dual, and 
Plural ; and the Persons are three, except in the 
imperative, where there are only second and 
third persons. The first person dual is the same 
as the first person plural, and being very rarely 
used is usually omitted in the schemes or para- 
dise of verbs. 

The principal parts of a Greek verb are the 
first person sii^lar, present, future, aorist, and 
perfect indicative active ; the perfect and aorist 
indicative passive ; and the second aorist (when 
it occurs). From these ^larts we can form all 
the other tenses of the verb — c.g., the principal 
parts of are XiJw, XiJ«r«, ^Xuo-a, \i\vKa (active) ; 
\i\vfMi and 4\i&0iity (passive). 

There are two principal forms of conjugation 
of Greek verbs, that of verbs ending in ut and 
that of verbs ending in fu. Of these the form^k^ 
constitute by far the larger class. Examples 
verbs in /u are dldtafu^ 1 give ; 1 put ; 

XcntitUf I set. 
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By G. K. Hibbert, M.A. 

Model of Regular Greek Verb In w 

Xi/w, I loose 
Active Voice 

[For Indicative Mood aee pages 5520, 56^ and 5808] 
Subjunctive Mood 



Present 

AoriH 

Perfect (rare) 

1. 

XiJw 

XiVcu 

XeXi^/co; 

2 

Xi^T/s 

XiV];! 

\e\jLfKgs 

3. 


\^(rg 

XcXiVp 

2. 

Xi/i/roF 

\CurfTov 

XeXtJKYfTOP 

3. 

\ijrjToy 


XeXOKTj^op 

1. 

XOwfxev 

\4f(r(afJL€P 

XeX^^KujuLCP 

2. 

'Kinjre 

Xifftyre 

XeXi^Krjre 

3. 



XcXi^/fOMri 


Optative Mood 



Present 

Aorist 

Perfect (rare) 

1. 


Xi'^aifii 

XeXOKOifM 

2. 

Xi/ots 

XiATaty, Xinretas 

XeXOKOts 

3. 

Xi/ot 

Xt^oat, XOcreie 

XeXiJxoi 

2. 

XOoiTOP 

XtjffaiTOP 

XeXilfKOirop 

3. 

XvolrrfP 

Xvcralrriy 

XeXvKolrriy 

1. 

Xi'foifiep 

Xi/(rai/j.€P 

XeXi/xoi/uev 

2. 

XiJotre 

XiVatrc 

XeXi'fKOtre 

3. 

Xjjoiep 

XOiraiePf Xi^treiap XcXt/xocer 


The Future Optative XiJo-ot^t is conjugated 
similarly to XiJotyitt. 

Imperative Mood 



Present 

Aorist 

Perfect (rare) 

2. 

XOe 

Xvffop 

X^Xvicc 

3. 

Xv4r<i> 

Xvffdru 

XeXvKtru 

2. 

Xiferop 

XiHaarop 

XeX^Kcrop 

3. 

Xv4ru>p 

Xvtrdrup 

XeXvKirwp 

2, 

Xiere 

XiJcrare 

XeXiJifere 

a 

Xvirtatrap 

Xwrdriaorap 

XeXvKdruMrop 


or Xv6prtap or Xvrdpnap 




Infinitive Mood 


Present Future Aorist 

Perfed 

Xikip XOfftiv X0<rai 

XeXvKisai 


Present 

PartidpUs 



Ftiture 

XiXer 

XiJowa 

XCor X^iOP 

XiVoixra X0v<w 

Xt^ar 

Aoritt 


Ported 

XAocura 

Xvaas 1 XeXvKtin XeXvsvia XeXvir4f 





The parfioipres are thus declined : 
/Stu^tt/or 


Nom., Voc. 

Xdwp 

XdovoiL 

XOoP 

Acc, 

Xdopra. 

Xdovoap 

Xvop 

Otfu 

XlfOPTOt 

Xvodove 

XdoPTOt 

Dot. 

XdoPTi 

Xvodoy 

Dual 

XdoPTi 


XAopte 

Xvodoo. 

Xdopre 

Gen., Dot. 

XvdPTOiP 

XvodoaiP 

Plural 

XvdpTOiP 

Nom., Voc. 

Xdoprei 

Xdovoat 

Xvopra 

Acc. 

Xdopras 

Xvodoas 

XvoPTa 

Gen. 

Xvdprup 

XvovoCop 

Xv6pt(i)p 

Dot. 

XOovoi 

Xvodoaii 

Xdovot 



AU participles in wv — as Xmtmv — are declined 
like \ijutp. 

Participles in at— as Xvaas— are declined 
like irfit [see page 5656]. 

Perfect participles in w are thus declined : 

* Singular 


Nom., Voc. 
Acc. 

Gen. 

Dot. 

XeXvKifjs 

XfXvK&ra 

XeXvK&ros 

XeXvKlrri 

XeXvKVia 

XeXvKviap 

XcXvKvlas 

XeXvKvlq, 

X€Xvk6s 

X€Xu/i(<it 

XfXu/f<iro4 

XeXu#fdrt 



Dual 


N., V.,A. 
Gen., I9Bt. 

XeXvedre 

XeXvK&roiP 

XeXvKvla 

XeXvKvlaiP 

XeXuK<Sre 

XeXvK&roiP 



Plural 


Nom., Voc. 
Acc. 

Gen. 

Dot: 

XeXvKdret 

X€XvK6Tas 

XeXvK&rup 

XeXvKdoi 

\eXvKvlo.k 

XeXvKvlas 

XeXvKviwp 

XeXvKvlais 

XeXvedra 

XeXvK&ra 

XeXvK&rwp 

XeXvedoi 


Middle Voice 

Indicative Mood 

PtetetU Imperfect Future Aoriet Perfect Plup^feet 
\vopxLi XvtrofjLUi iXvadp,viP X^Xvpai iXeXl'firjv 

Xv€i iX^ou X«J<r6t AiJffw X<?Xwrat AAikto 

Xi)erai Auero XiWfrat iXieraro X^Xurat iXlXifro 

X^effBop tXv€<r$ 0 P X^cretr- iXvcaer’ XAwr- IXfXvc- 

Bor Bop Bop Bop 

XwcBop iXviaBvp Xwre<r- Awr<Lr- XlXvff- ^XeXucr- 
Bop Btjp Bop Brjr 

Xvdfj^Ba iXv6pc~ Xuad/ie- IXiHrdpe- XtXlfpe- AeXu/ue- 
Ba Ba Ba Ba Ba 
XwcBe iXliecBe XdffeaBe iXderoxrBe XiXverBe iXiXverBe 
XioPTUi IXltoPTo XiJo-orrat AtVavro XiXvprai iXiXvPTO 


8td>junctive Mood 


Preeent 

ilOfitC 

Perfect 

XdoffJMi 

Xdoufiai 

XeXvfiivot 

& 

XJ, 

Xdau 

— 

5* 

Xdffrai 

Xdonrai 

— 

V 

X&ijoBoP 

XdonoBop 

XeXvfjlpw 

IjTOP 

XdffoBop 

XdorioBop 

— 

ffTOP 

Xvtl^fjueBa. ^ 

Xwr^HeBu 

XeXvfjJpoi 

ihfjbep 

Xihio$e\ 

XdoffoBe 

— 

ijre 

‘Xikifroi* 

XdoUnrrat 

— 

(boi 


The perfect is'*taade up of the perfect par- 
ticiple mid^e of Xw and the present sub- 
junctive of 


Prtieiu 

Xvolpvip 

Xiioio 

XdoiTO 

X dour Bop 

XvoUrBifP 

XvoifuBu 

XdoiirBe 

XdoiPTO 


Optative Mood 

Aoriet 

XvoulpriP^ XeJ 

Xtfaato 

XdoiUTO 

XdoatoBop Xe7 

XvoaloBijr 
XvotUfieBa Xel 

XdoaioBe 
XfkraiPTO 


Perfect 
XeXupIPos etijp 


XeXvfUpia 

XeXvpApoi 


feet participle middle of Xvw and the optative of 
eiftl. The dual and plural forms of the latter are 
usually shortened into elrop, etnjPf etficp, eXre^ eUp. 
Imperative Mood 

Preeent ^ Aoriet Perfect 

Xuov Xvoai XAwo 

XvtoBu) XvodoBb) XeXOoBw 

XifeoBop XdtraoBop XlXvoBop 

XvdoBcop XpodoBup XiXdoBup 

XtkoBe XdoaoBe XlXvcrBc 

XvtoBtaoap or XvadoBwrap or XeXtV^uHrav or 

XvioBufp XvodoBup XeXdoBup 

Infinitive Mood 

Preeent Future Aoriet Perfect 

XdcoBai. XdoecrBai XdoaoBai XeXdodat 

Participles 

Preeent Future 

XvdfiepoSf ‘ijf -OP XvadfACPos, -17, 'OP 

Aoriet Perfect J 

XwdfUPoSf -OP XeXvfUpoi, -17, -op 

The participles Middle are declined regularly. 

Passive Voice 

Present, Imperfect, Perfect and Pluperfect 
same as Middle. 

Indicative Mood 


Perfect 

XeXdoOcLi 


Future 

Aoriet 

Future Perfect 

XitBifoofAUi. 

iXdBriP 

XeXd(ro/4ai 

XvBi^ei 

iXOBrjs 

XeXJo-fi 

XirBijoerai 

iXdBfj 

XcXjXrerat 

XvBi^ecrBop 

iXdBffTOP 

XeXdoeoBop 

XvBifloeoBop 

iXvBi^rf^ 

XeXdoeoBop 

XvBijadfieBa 

iXdBvM^p 

XcXwrdfieBa 

XvB'jjcreoBe 

iXdBrire 

XeXdoeoBe 

XvBTjooprai . 

iXOBrjoap 

XeXdoovrtu 

SubjuruAive Mood 

Aoriet 

Imperative Mood 
Aoriet 


XvBCp 

XvB^s 

Xu^li 

XvBtjtop 

XvBtjtop 

XvBCpfiep 

XvBrfre 


XOBrfrop 

XvB^tup 

XdBTjre 

XvBijTfacrap OT 


Xt;6lu)<r( 

1 

Optative Mood 

XvBipTiap 

Future 

Aoriet 

Future Perfect 

XitBijcrolfiTiP 

XvBelTfP 

XeXvffolfiijp 

XvBfjooio 

XvBelrjs . 

XeXdooio 

XuBiiooiro 

XvBeljf 

XeXdootto 

XvBijOourBop 

XitBetrop 

XeXdrotaBop 

XvBrjooioBTiP 

XvBelrrfP 

XeXvroiffBrtr 

XvBifOolfie^ 

XvBetfUP 

XeXvcolfuBa 

XvBifOoioBe 

XvBeire 

XeXdcroioBe 

XvBl^OiPTO 

XvBeUp 

XeXdffOiPTO 


Infinitive 

Future Perfect 

Future 

Aoriet 

XvBiioeoBtu 

XuBriPUi 

XeXdeecrBai 



Pftmt \ 

Itn<perfecl * 
Fviture 
Aorist 

Perfect \ 

Pluperfect • 


Present 

Imperfect 

Future 

Aorist 

Perfect 

Pluperfect 


Present 'j 
Imperfect I 
Perfect f 
Pluperfect J 
Future 
Aoriat 

Future Perfect 


Indicative 

Xi}o‘<); 

iXvaa 

\i\vKa 

i\e\OK€iP 


XOofiai 

iXvdfATj^ 

X\jao/Aai 

4Xvadfiriif 

X4Xv/j,ai 

iXeXttfiri^ 


Same as 
Middle 

XvBljtroiiiai 

eX^Brj^ 

XcXt^KFo/xat 


Activjb Voice 
Subjunctive Optative 

\6ia \6oifu 

XdroifjLi 

X^ffui Xi$tratft( 

XeXifKdt XeXiKoifii 

Middle Voice 

XvolfAffr 

— Xvaoififf^ 

XiXrtii/biat XtHFalfirf^ 

XeXv/jkdvas S) XeXvfidpot j 
Passive Voice 


Imperative 

Infinitive 

XCe 

XJetr 


XdreiP 

Xvoop 

XOvai 

[XAi^iCf] 

E 

XeXuKipai 

Xt^v 

XdesBai 


XJreirBai 

XOcrai 

1 

j XJcrao’^at 

X^Xviro 

XeXdrBai 


XfXvKc^f 


Xv6fi€Ptn 

Xixrdfiiyot 

Xvirdfieros 

XeXvfjtPOS 


XvBnrolfin^ 

XvSelrfP 

XeXvffolfirjp 


XvB-^effBai 
XvBrjpai 
XcX^effBai ■ 


\v6vfi)!ggm^ 

Muffin 

XeXvffdiiepos 


Future 
XvBri(T6iJ.€Potf 
•n, "OP 


Participles 

AcrxA 

XvBelt, XvBelrOf 
XvBtp 


Future Perfect 
XcXiHrdfiepos^ 

-n, -OP 


as follows ; 

Singular 


Vom. 

XvBelt 

XvBetra 

XvBip 

Acc. 


XvBeirap 

XvB4p 

Gen. 

XvBiprot 

XvBeloTjs 

XvB^prot 

Dot, 

XvBipn 

XvBeltrg 

Dual 

XvBtpri 

V., F.,A. 

XvBepre 

XvBelca 

XvBivre 

G^-n„ Dot, 

XvB^proip 

XvBeUraiP 

Plural 

XoBiPTOLP 

Norn. 

XvB^pres 

XvBeiarai 

XvBipra 

Acc. 

XvB^pras 

XvBeloat 

XvBipra 

Gen, 

XvBiprw 

XvBeLffQp 

XvB^prufP 

Dot. 

XvBeurt 

XvBeloait 

XvBeisi 


Paradt^ms 

The best way of mastering the tenses and 
moods of a Greek verb is to write them out in 
a scheme, or model, or paradigm (as above), 
putting down only the first person singular of 
the tenses of the finite mo<^s. These should 
then be learnt across, and thoroughly mastered. 
When onoe they are firmly fixed in the memory, 
it will be easy to recognise any part of a verb 
at once ; and conversely, if one requires, say, 
the aorist imperative passive of Xdw, running 
along the paradigm for that tense (tXifBijp, XvBtc, 
XifBelifp, XdBrfTi), one reaches the desired haven 
without much trouble. 

SECTION in. TRANSLATION 

Vocabulary 

r<ire, then, at that time BoXeplt, turbid 
re. . . Kaif both . . . and elo, t?, swift 
(re always follows its -arot, current 

word, cf. fieydXoi re ^ season ^ 

#fai BoXepol below) t6 frot, -oi/f, year 9 


rb Obotp, -aroSf water 
dBpobs, collected, in 
heaps 
ij yrjf land 
Mcpirepf whence 
I increase 


KaBapdSf clear 
ibeip^ to see 

Tepdai/iios, passable, able 
to be crossed 
vXifip, except (governs 
genitive) 


Indian Kivees 

icai rbre ol irorafiol rdpres ol *lpdol /jLcydXot re koI 
BoXepoi fppeop (imperfect of /Jew) Kal d^ei rip j^ifpwTL' 
ydp (= for, another connecting particle like 
bi, and never put first in a sentence) &pa (rove, 
rain-p bi rjj ibpq. (= and at this season) Cbwrd re 
obpaptn^ dBpba KaTa</>4p€arai (verb, = are carried 

dovm) ^5 (= cis) T^p yijp Hjp ^JpbiK^p, Kal ai 
al ToO KavKuo-oUf fpBeprep rwv toXXup Tora/uufP al 
inyvai' eUri, ab^ovsip abrois ( = their) rb Cbutp' 
XcifAUfPos ( = in winter) bb bXiyoi re ytypoprat 
{= they become) Kal xaBapol IbeiP xal rrepdriixoi 
irdpreSf trX'j/fp ye b^ (two more connective particles, 
ye generally meaning at least, and being 
almost untranslatable in English) roO 'Ipbod kuI 
Ydyyov, 

Key to Translation [page 5952J 

1. Death is terrible to the wicked. 2. The 

i ’ust were friendly to the poor. 3. The Greeks 
lave not wise leaders. 4. In (the) beginning 
was the Word, and the Word was with God, 
and the Word was God. 5. Xenophon was the 
general of the Greeks. 6. Blessed are the poor 
in spirit : because theirs is the kingdom of 
heaven (literally : of the heavens). 7. The 
shepherds wonder at the snow in winter. 8. We 
shall save (our) native land from war. 0. There 
are few rivers in Greece. D ]||rsian, 
you have the bones of the snSj^Kr bL 
the basket. jl# t 4^ 


BoXepoX below) rb trot, -oi/f, year vF Conthim 

Note.. The next instalment of the Italian course appears in Part 48 of tfi 

End of Volume VII. ^ 







